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Chapter 1 Introduction

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

About the complete set of manuals to a terminal

The complete package of manuals to aterminal is named users manual (UM). The Us-
ersmanual 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 culation 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 atypical protection function could be used. The
manual should also be used when cal culating 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) contains instructions 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 data in order to determine the reason of
a fault.

Thelnstallation and Commissioning Manual (ICM) contains instructions on how to

install and commission the protection terminal. The manual can also be used as a refer-
ence if a periodic test is performed. The manual covers procedures for mechanical and
electrical installation, energising and checking of external circuitry, setting and config-
uration as well as verifying settings and performing a directionality test. The chapters
and sections are organised 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

14

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 functiona
logicsin the protection.

Related documents

Documents related to REC 561*2.3 Identity number

Operator’s manual 1MRK 511 091-UEN
Installation and commissioning manual 1MRK 511 093-UEN
Technical reference manual 1MRK 511 092-UEN
Application manual 1MRK 511 101-UEN
Technical overview brochure 1MRK 511 090-BEN

Revision notes

Revision Description

2.3-00 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

« Additional protection function library available

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

» Wide range of control functionality available

« 18 LEDs for extended indication capabilities

» Versatile local 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 complete setting parameters

« Powerful software ‘tool-box’ for monitoring, evaluation and user configuration

« Control functionality for single, double, triple, and ring busbar arrangements, and
for single, double, and 1 1/2 circuit breaker arrangements including apparatus con-
trol and interlocking

« Complete autoreclosing function for up to six circuit breakers

» Synchrocheck with phasing and energizing check
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Application

The main purpose of the REC 561 terminal is control related applications, with includ-
ed protection and monitoring functions, in substations at all voltagelevels. Theterminal
is specially suitable for applications in distributed control systems with high demands
onreliability. It provides extensive logic capabilities for user specific applications.
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Design

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

The terminal’s closed and partly welded steel case makes it possible to fulfill the strin-
gent EMC requirements.

All serial data communication is via optical connections to ensure immunity against
disturbances.

An extensive library of protection, control and monitoring functions is available. This
library of functions, together with the flexible hardware design, allows this terminal to
be configured to each user’s own specific requirements. This wide 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 (CV Ts) 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 effective filter for this transient, 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 remanence type CT
* low remanence type CT
* nonremanence type CT
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Thehigh remanencetypehasno limit for the remanenceflux. ThisCT hasamagnetic
core without any airgap and aremanence flux might remain for almost infinitetime. In
thistype of transformers the remanence flux can be up to 70-80% of the saturation flux.
Typical examples of high remanence type CT areclass P, TPS, TPX according to |EC,
class P, X according to BS (British Standard) and nongapped class C, K according to
ANSI/IEEE.

Thelow remanencetype has aspecified 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 is alow remanence type CT.

Thenon remanencetype 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 minimize theinfluence 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 IEC 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

Therequirementsare aresult of investigations performed in our network simulator. The
tests have been carried out with an analogue current transformer model with a settable
core area, 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 nonremanencetypeCTs
(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.

Both phase-to-earth, phase-to-phase and three-phase faultswere tested in fault | ocations
backward, close up forward and at the zone 1 reach. The protection was checked with
regard to directionality, dependable tripping, and overreach.

All testing was made without any remanence flux in the current transformer core. The
reguirements below aretherefore fully valid for acore with no remanence flux. It is dif-
ficult to give general recommendationsfor additional marginsfor remanenceflux. They
depend on the reliability and economy regquirements.
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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 flux in the same direction
astheflux generated by the fault, hasto 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 faults in the network will occur
when the voltage is between 40° and 90°.

Fault current

The current transformer requirements 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 impedance in 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. This voltage, for an earth fault, is developed in a loop
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 all faults that 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 equivalent secondary e.gliefow can be used. The current
transformers should have an accuracy class comparable to 5P or better. The character
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 a rated equivalent secondary g.thét is larger
than the maximum of the required secondary e.nyf, fbelow:

11



Requirements Chapter 2

General

12

Ea\l>E

E>E

al

where

Ikmax

Ikzonel

alreq |

a

lkmax H'sn 0.25
areq = T | EBEH?CT*' R+ ===

2 0O
pn I"r

(Equation 1)

I a
= -kzonel —sn [HQCT"' R, + 0.250

pn "R
(Equation 2)

Maximum primary fundamental frequency current for close-in forward and reverse
faults (A)

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

The rated primary CT current (A)

The rated secondary CT current (A)
The protection terminal rated current (A)
The secondary resistance of the CT (Q)

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.

This factor is a function of the network frequency and the primary time constant for
the dc component in the fault current, see figure 1.

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, see figure2.
The time constant is normally less than 50 ms.
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Figure 1: Factor a as a function of the frequency and the time constant
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Figure 2: Factor k as a function of the frequency and the time constant
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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 datafor 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 fulfilstherequirements. Therequirements according to some other standardsare
specified below.

Current transformer according to IEC 60044-1

A CT according to | EC 60044-1 isspecified by the secondary limiting e.m.f. Eopa. The
value of the E, o IS @pproximately equal to E, according to IEC 60044-6.

Eal = E2max
(Equation 3)

The current transformers must have a secondary limiting em.f. Ep,ox that fulfills the
following:

Eomax > maximum of E ;¢4
(Equation 4)

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 lOower than E, according to IEC 60044-6. It is not possible to give
ageneral relation between the Ey g5 and the E, but normally the Ey g s 158010 85%
of the E, value. Therefore, therated equivalent limiting secondary em.f. Eyggfor aCT
specified according to BS can be estimated to:

EaIBS =12 [EkneeBS
(Equation 5)

The current transformers must have a rated knee-point e.m.f. Eyqens thet fulfillsthe
following:
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1.2 [E | eeps > 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 Ua g Thereis afew standard-
ized value of Up g (€.9. for aC400 the Uy g 15400 V). Therated equivalent limiting

secondary em.f. Egang for aCT specified according to ANSI/IEEE can be estimated
asfollows:

Eaanst = |20 Ogn R + Uangi| = |20 Ogn CRer + 20 Oy Wpans

(Equation 7)

where

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

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

The CT requirements are fulfilled if:

Eaians) > maximum of E .

(Equation 8)

Often an ANSI/IEEE CT & so has a specified knee-point voltage Uypeeang - 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 em.f. Egang for a CT specified according to ANSI/IEEE can be
estimated to:

Eaiansi = 1.3 Wypeeansi

(Equation 9)

The current transformers must have a knee-point voltage Uyneeang that fulfillsthe fol-
lowing:

15
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1.3 Wgneeansi > maximum of Egjreq
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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 serial 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 val ues 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 isused for time tagging of:

* Internal events

» Disturbance reports

» Events in a disturbance report

» Events transmitted to the SCS substation control system

This implies 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
REXx 5xx terminal.

Calculations

Uxr and Ixr (x = 1-5) are the rated voltage and current values for the analog 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 currerdgd$ is:

I
SEC Os

ISsec = ;
PRIM

(Equation 10)

17
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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 IP>> is given in percentage of the secondary base current value,
Ixb, associated to the current transformer input Ix:

(Equation 11)

The value of 1xb can be calculated as:

Ixb = Rated primary current
CT ratio

(Equation 12)
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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 disturbances is 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 synchronisation isavailable. Either the synchro-
nisation messageis applied viaany of the communication ports of theterminal asatele-
gram messageincluding date and time, or asaminute pul se, connected to abinary input.
The minute pulse is used to fine tune already existing time in the terminals.

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

The clock has a built-in calendar for 30 years that handles |eap years. Any change be-
tween summer and winter time must be handled manually or through external time syn-
chronisation. 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

The internal time can be set on the local human-machine interface (HMI) at:
Settings
Time
The timeis set with year, month, day and time.

The source of the time synchronisation is set on the local HMI at:
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Configuration
Time

When the setting is performed on the local HMI, the parameter is called TimeSync-
Source. The time synchronisation source can also be set from the CAP 531 tool. The
setting parameter is then called SYNCSCR. The setting alternatives are:

* None (no synchronisation)
« LON

+ SPA

+ |IEC

* Minute pulse positive flank
* Minute pulse negative flank

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

The internal time can be set manually down to the minute level, either via the local HMI
or via any 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.
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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 preparein 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 under the menu:

Configuration
Functions
Active Group
Funclnputs

Use external control signalsto activate a suitable setting group when adaptive function-
aity 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 casesthelower 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 akey 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/SMS 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 thelocal 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 3: Connection and logic diagram for the BLOCKSET function

25



I/O system configurator (IOP) Chapter 3
Common functions

I/O system configurator (IOP)

Application

The I/O system configurator must be used in order to recognize added modules and to
create internal adress mappings between modules and protections and other functions.

Functionality

The 1/O system configurator is used to add, remove or move I/O modulesin the REx
5xx terminals. To configure means to connect the function blocks that represent each I/
O module (BIM, BOM, I0M, IOPSM, DCM and MIM) to afunction block for the 1/O
positions (I0P1) that represent the physical ot in the rack.

Available 1/0 modules are;

« BIM, BinaryInputModule with 16 binary input channels.

* BOM, Binary OutputModule with 24 binary output channels.

¢ IOM, InputOutputModule with 8 binary input and 12 binary output channels.
¢ MIM, mA InputModule with six analog input channels.

e |OPSM,InputOutput Power Supply Module with four inputs and four outputs.

« DCM, DataCommunicatiorModule. The only software configuration for this mod-
ule is the 1/0 Position input.

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

* The 1/1 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 also 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 analogue mA
Input module.

It is possible to fit modules of different types in any combination in a terminal, but the
total maximum numbers of modules must be considered.

Each I/O-module can be placed in any CAN-I/O slot in the casing with one exception.
The DCM-module has a fixed slot position which depends on the size of the casing.
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To add, remove or move modulesin the terminal, the reconfiguration of the terminal
must be done from the graphical configuration tool CAP 531.

Usersrefer to the CAN-I1/O dlots by the physical slot numbers of the CAN-1/O dlots,
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.

TheBIM, BOM, IOM, IOPSM and DCM share the same communication addresses for
parameters and configuration. So they must share I/O module 1-13 (10xx), which are
the samefunction block. A user-configurable function selector per I/O modulefunction
block determines which type of moduleit is.

All namesfor inputs and outputs are inputs on the function blocks and must be set from
the graphical tool CAP 531.

I/O 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 CAP 531 configuration tool.

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

27
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Figure 4: Function block of the /O position block (I0P1-).

Configuration

The 1/O-configuration can only be performed from CAP 531, the graphical configura-
tion tool.

To configure from the graphical tool:

First, set the function selector for the logical I/O module to the type of /0O module
that is used, BIM, BOM, I0M, IOPSM or DCM.

Secondly, connect the POSITION input of the logical I/O module to a slot output of
the IOP function block.
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Figure5: Example of an I/O-configurationin the graphical tool CAP 531 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 the terminal isconcerned. The user
cannot enter and change the basic algorithms for different functions, because they are
located in the digital signal processors and extensively type tested. The user can config-
ure different functions in the terminals to suit special requirements for different appli-
cations.

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

Functionality

Inverter (INV)

TheINV function block isused to invert the input boolean variable. The function block
(figure 6) has one input designated IVnn-INPUT where nn presents the serial number
of the block. Each INV circuit has one output 1Vnn-OUT.

(@]

99000021.vsd

Figure 6. Function block diagram of the inverter (INV) function

Table 1: Truth table for the INV function block

INPUT | OUT
1 0
0 1
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Controllable gate (GT)

The GT function block is used for controlling if asignal should be able to pass or not
depending on a setting. The function block (figure 7) 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.

GTnn
- o
i INPUT " OUT!
, |Operation = On I— |
- R
xx00000530.vsd

Figure 7: Function block diagram of the controllable gate (GT) function

The output signal from the GT function block is set to 1 if the input 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
OR

OR function blocks are used to form general combinatory expressions with boolean
variables. The function block (figure 8) has six inputs, designated Onnn-INPUTm,
where nnn presents the serial number of the block, and m presents the serial number of
the inputsin the block. Each OR circuit hastwo outputs, Onnn-OUT and Onnn-NOUT
(inverted).
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|INPUTl
INPUT2
1INPUT3
INPUT4
'INPUT5S

INPUT6
—_—

Figure 8: 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
AND

AND function blocks are used to form general combinatory expressions with boolean
variables. The function block (figure 9) has four inputs (one of them inverted), desig-
nated Annn-INPUTm (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).
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Figure 9: Function block diagram of the AND function
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The output signal (OUT) isset to 1if theinputs INPUT1-3 are1 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
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
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Timer

The function block TM timer has outputs for delayed input signal at drop-out and at
pick-up. Thetimer (figure 10) has a settable time delay TMnn-T between 0.00 and
60.00 sin stepsof 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
thetimer 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
|"________—|
|

1 INPUT — OFF|
| A |
|

| .
' R ON|
| A .
il Time delay 0.00-60.00s |

xx00000523.vsd

Figure 10: Function block diagram of the Timer function

Thefunction block TL timer (figure 11) 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 steps of 0.1 s.
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Figure 11: Function block diagram of the TimerLong function

Theinput variableto INPUT is obtained delayed a settable time T at output OFF when
theinput variable changesfrom 1 to 0in accordance with thetime pulse diagram, figure
12. The output OFF signal isset to 1 immediately when theinput variable changesfrom
Oto 1

INPUT | | |

OFF (1)

xx00000528.vsd

Figure 12: 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 0to 1 in accordance with the time pul se diagram, figure
13. The output ON signal returnsimmediately when the input variable changes from 1

to 0.

T=3s

neutr || 0
ON (1)

A
Y

xx00000529.vsd

Figure 13: Example of time diagram for a timer delayed on pick-up with preset time
T=3s

If moretimersthan availablein theterminal are needed, it ispossibleto use pulsetimers
with AND or OR logics. Figure 14 shows an application example of how to redlize a

timer delayed on pick-up. Figure 15 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  OUT|——
FIXED-ON INPUT2 NOUT
Pulse L ineuTs
INPUT ouT INPUT4N
0.00-60.00s T NOUT

xx00000533.vsd

Figure 14: Realization example of a timer delayed on pick-up
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FIXED-OFF INPUT2 NOUT
—E INPUT3
INPUT4
INV Pulse INPUT5
INPUT ouT INPUT ouT INPUT6
0.00-60.00s T
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Figure 15: 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 16) has a settabletime delay TSnn-T between 0.00 and 60.00
sinstepsof 0.01 s. It also hasan 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.

o
=
@
=
o
=)

I
o]
>

Ro

xx00000531.vsd

Figure 16: 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 17) 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.

0
HUNPUT OUT:
| 7] |
'T

xx00000524.vsd

Figure 17: Function block diagram of the Pulse function

The function block TQ pulsetimer (figure 18) 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.

o0
HUNPUT  — OUT:
| 7] |
‘T

xx00000525.vsd

Figure 18: 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 theinput 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 19.

o » O B

xx00000571.vsd

Figure 19: Example of time diagramfor the pulse function with preset pulselength T =
3s

Exclusive OR (XOR)

The function block exclusive OR (XOR) is used to generate combinatory expressions
with boolean variables. XOR (figure 20) 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) is 1if theinput signals are different and O
if they are equal.
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1INPUT1

INPUT2 =1

Figure 20: Function block diagram of the XOR function

xx00000517.vsd

The output signal (OUT) isset to 1if theinput signals are different and to O if they are

equal. See truth 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 21) 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 theinput (RESET) isO. If thereset input isset to 1,
the output is unconditionally reset to 0.
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Figure 21: Function block diagram of the Set-Reset function
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Set-Reset with/without memory (SM)

The function block Set-Reset (SM) (figure 22) with/without memory has two inputs,
designated SMnn-SET and SMnn-RESET, where nn presents the serial number of the
block. Each SM circuit has two 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 22: Function block diagram of the Set-Reset with/without memory function

MOVE

The MOV E function blocks, also be called copy-blocks, are used for synchronization
of boolean signals sent between logics with slow execution time and logics with fast ex-
ecution time.

There are two types of MOV E 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 signalsinto and
48 signals out from the slow logic can be synchronized. The MOF and MOL function
blocksareonly atemporary storagefor the signalsand do not change any val ue 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 MOV E
function block.

Synchronization of signals with MOF should be used when a signal which is produced
outside the ow 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 be used if asignal produced inthe slow logicisused
in several places outside thislogic, or if several signals produced in the Slow logic are
used together outside this logic, and there is asimilar need for synchronization.

Figure 23 shows an example of logic, which can result in malfunctions on the output
signal from the AND gate to the right in the figure.

Fast logic Slow logic Fast logic

Do | ' |

| Function 1 Function 2 !
1 |

]

I

[

]

o
Function 3 i
]

|

]
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Figure 23. Example of logic, which can result in malfunctions
Figure 24 showsthe samelogic asin figure 23, but with the signal's synchronized by the

MOV E function blocks M OFn and MOL n. With this solution the consistency of the sig-
nals can be guaranteed.
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Figure 24: Example of logic with synchronized signals

MOFn and MOLN, n=1-3, have 16 inputs and 16 outputs. Each INPUTm is copied to
the corresponding OUTPUTm, where m presents the serial number of the input and the
output in the block. The MOFn are the first blocks and the MOLn 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 MOVE elements no settings exist.

For the normal On/Off delay timers and pul se timers the time delays and pulse lengths
are set from the CAP 531 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 al pulse circuits.

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

Configuration
The configuration of the logicsis performed from the CAP 531 configuration tool.

Execution of functions as defined by the configurable logic blocks runsin afixed se-
guence in two different cycle times, 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 531 configuration tool with the designation of the function
block and the cycletime, 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 time should follow the
same order astheir execution serial numbersto get an optimal solution. Alwaysremem-
ber this when connecting in series two or more logical function blocks. When connect-
ing function blocks with different cycle times, the MOV E function blocks can be used.
These function blocks synchronize boolean signals sent between logics with low exe-
cution time and logics with fast execution time. The MOVE functions are available as
additional configurable logic circuits.

Note!
Be always careful when connecting function blocks with a fast cycle time to function
blocks with a slow cycle time.

S0 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 REX 5xx protection and control terminals have acomplex design with many includ-
ed functions. Theincluded self-supervision function and the INTernal signals function
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 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 also 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 also generated:

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

The internal events are time tagged with a resolution of 1 ms and stored in a list. The
list can store up to 40 events. The list is based on the FIFO principle, that is, when it is
full, the oldest event is overwritten. The list 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.

The information can only be retrieved with the aid of the SMS. The PC can be connect-
ed either to the port at the front or at the rear of the terminal.
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6.2

Functionality

The self-supervision status can be monitored from the local 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:

e |nternalStatus
e 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 27) and a couple of more severe faults
that can happen in the terminal (figure 26).

Some signals are available from the function block InternSignals (INT), see figure 25.
The signals 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 signals from the INT-function block can also be connected to binary outputs
for signalization via output 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 25: Function block INTernal signals.
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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.

| Power supply fault p| Power supply Fault
| module

!Watchdoq p-| /0 nodes
ITX overflow _—

{Master resp. Fault

e - o {1—

iReBoot /10 > — | |

: :g INTERNAL
FAIL 5

| Checksum fault | A/D conv. Fault
| module >

|
|
|
|
|
|
|
|
|
|
Sending reports » :
|
|
|
|
|
|
|
|
|
|
|

|
.DSP fault | Main CPU -
i Supply fault Fault
|
|
|
| /O nodes = BIM, BOM, IOM

i PSM, MIM or DCM
- DSP = Digital Signal Processor
- xxxx = Inverted signal

Parameter check >
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Figure 26: Hardware self-supervision, potential-free alarm contact.
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Figure 27: Software self-supervision, function block INTernal signals.
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Blocking of signals during test

Functionality

Thisblocking function is only active during operation in the test mode, see examplein
Figure 28. 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 till be blocked next time entering the test mode, if the
blockings were not reset.

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

Each of theterminal related functionsisdescribed 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 28: 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 (ZM1-5)

Functionality

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 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 1Ll I ILIM ArgNegRes
L1

(Equation 13)

For the L1-L2 element, the equation in forward direction is:

8y 1 0+ 020Uy 4 9y

0
-ArgDir <arg <ArgNegRes

IL1L2

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.

The polarizing voltage is available as long as the positive-sequence voltage exceeds 4%
of the rated voltage Ur. So the directional element can use it for all unsymmetrical faults
including close-in faults.

For close-in three-phase faults, thg 1, memory voltage, based on the same positive
sequence voltage, ensures correct directional discrimination.
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The memory voltageis used for 100 ms or until the positive sequence voltageisre-
stored. After 100 ms, the following occurs:

» If the current is still above the set value of the minimum operating current (between
10 and 30% of the terminal rated current Ir), the condition seals in.

 If the fault has caused tripping, the trip endures.

» If the fault was detected in the reverse direction, the measuring element in the re-
verse direction remains in operation.

» Ifthe current decreases below the minimum operating value, the memory resets until
the positive sequence voltage exceeds 10% of its rated value.
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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 slipping. 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 a 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 already 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. This way it enables better selectivity of the pole dlip
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 agenerator protection system in power plants.
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Oscillations of mechanical masses in power system

Figure 29 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 14)
changes with time. The voltage difference
UD = EA - EB
(Equation 15)

changes in its magnitude and direction and causes this way the current between both
generators to change accordingly.

I I
I I
I I
’. d,= const ’. 5,= 1(t)
B

7 | Zsg
‘ 99001019.vsd

Figure 29: Two machine system.

Figure 30 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

Ea
(Equation 16)
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and

Em

(Equation 17)

have the opposite direction.
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Figure 30: Current (solid line) and voltage (dashed line) in relay point during the pole
slip condition.

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

Figure 31 a) and 31 b) present two examples of theimpedance trajectoriesinimpedance
plane during the system oscillations. Both figures include al so the example of an oper-
ating characteristics of amaodern 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 31: Impedance trajectoriesin relay point during the pole dlip (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 & from one to another value over atransient peri-
od. The impedance locus might enter the operating characteristic of the distance relay
(see Figure 31 b), but generally does not cross the complete R-X plain.

In anon-recoverable situation the oscillations are so severe, that the synchronismislost
between the generators of a system. The condition is referred to as apole-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 usual ly entersthe distance relay’s operating characteristic and
crosses the complete impedance plain, as presented schematically on Figure 31 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 32 presents an impedance tragjectory 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 32: Impedance trajectory as seen by a L2-N impedance measuring element.
The remarks on Figure 32 have the following meaning:

1. Load impedancein phase L2 during normal operating conditions.

2. Impedance measured during the L1-N fault.

3. Impedance trgjectory 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 32 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 simultaneoudly 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 increase of initial fault currents at different kinds of high resistive earth faults.

A special logic circuit, as applied in the pole slip 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 becomes important for the correct detec-
tion of the oscillations in power systems with multipole tripping and reclosing function
applied on double-circuit parallel operating EHV transmission lines.

Speed of oscillations

Figure 33 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).

7116,

i1y
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L3

'
N
Y

3238, 4L

Figure 33: Phase currentsin relay point during the pole slip conditions caused by a L1-
N fault.

The pole-slip frequency is in 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
genera role, which the protected element plays within the power system.

Figure 34 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 case isto 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 34: Power line delivering the el ectrical 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 35. Inter-connection
transmission lines connect two big and generally independent power systems. M echan-
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 35: Transmission lines interconnecting two big power systems.

The goal in this particular case of a pole slip situation is to 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 aclassical 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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2.2 Functionality

221 Theory of operation
Measured impedance in relay point on a protected power line (see figure in “Applica-
tion”) may follow different trajectories when the generators of a two machine system
start to oscillate. Some of the most characteristic trajectories are presented on figure 36.

99001026.vsd
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Figure 36: Impedance trajectories during oscillations in power system and basic oper-
ating 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 Zs. The magnitude and the position
of the system impedance within the impedance plain determines the el ectrical 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 = Zspa+ZL+Zsp = Rg+jXg

(Equation 18)

. 1 . .
Zco = 5Es=Zsa = Reo*iXco

(Equation 19)

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

(Equation 20)

The oscillation detection characteristics 1 and 2 in figure 36 arein 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 sl
o = atan[RS[|

(Equation 21)

The reactive tripping characteristics 5 and 6 (see figure 36) are rectangular on the sys-
tem impedance characteristic and form with the R axis an angle of

o —90°
(Equation 22)
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(Equation 23)

Impedance trgjectory 7 on figure 36 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 trajectories is that they
do not pass the complete system impedance, which means that there is no pole slip con-
dition in power system. The second trajectory passes the left tripping characteristic (4
on figure 36), which could be a necessary condition for the non-recoverable oscillation
and might require a tripping action.

Impedance trajectories 9, 10, 11, and 12 on figure 36 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 trajectory only in case, whep Bnd E voltages have exactly the same magni-
tude. Trajectory 9 is characteristic for the case when

[EAl > [Eg]
(Equation 24)

and trajectory 11 for the opposite case.

The results of system studies should determine the necessary operating conditions for
the pole slip 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 a well proven

(AZ)/ (At)
(Equation 25)

method as presented schematically in figure 37.
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Anoscillationisrecognized by the measuring element if the measured impedance needs
to change from aZEXT external impedance boundary to aZINT internal impedance
boundary (se also boundaries 1 and 2 on figure 36) atime, which islonger than thetime
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 acertain number of slips. First oscillations arethisway detected
by atimer (see figure 37) 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[ B
ZINT : iz

Impedance tgajectory

|

7 I R

OSCILLATION

v
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Figure 37: 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 (see figure 36) at one side of the impedance plane
and leavesiit 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 impedance first en-
ters the right side (R) or upper part (X) and leaves at the left (-R) or bottom (-X) part
of the oscillation detection characteristic.

e Transition from reverse to forward (RvFw), when the measured impedance first en-
ters the left (-R) or bottom (-X) part and leaves at the right (R) or upper (X) part of
the oscillation detection characteristic.

It is not always necessary to trip the circuit breaker after that the first pole slip has been
detected. This especially applies to recoverable slips, which occur during the abnormal
system conditions. If one slip occurs during the dead time of a single pole autoreclosing
on a power line it is still possible that the system will recover after the circuit breaker
reconnects the third phase (see example in figure in “Oscillations during abnormal sys-
tem conditions” in “Application”). However, if more consecutive slips occur, than it is
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
slips in the system. Separate counters count:

« The slips which enter the impedance area between the reactive tripping characteris-
tics 5 and 6 (see figure 36).

» The slips with remote electrical centers, which enter the inner boundary of the oscil-
lation detection characteristic (boundary 2 on figure 36), 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 impedgngg @ the pro-
tected element, which is calculated according to the equation:

: 2
. (Unin)
ZLmin = _m_l_n___

max
(Equation 26)

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 = |Z{min (K,

(Equation 27)

The K| factor depends on the line length and has the following values:

« K =0.9 for lines longer than 150 km
« K =0.85 for lines longer than 80 km and shorter than 150 km
» K =0.8 for lines shorter than 80 km

The corresponding load angle is this way equal to:

|ZSA +7, + ZSB|]

Oext = 2 D"ta“[ 2 (RLEXT

(Equation 28)

Maximum frequencyd of the initial slips is mostly between 2Hz and 3Hz. It should be
known from the system stability studies. The suggested setting value for the initial timer
tP1 is 45ms. The corresponding value of the internal load angle is this way equal to:

8iny = 360 [T IP1+3,,,
(Equation 29)

This determines the required setting of the internal resistive boundary:

RUINT = [Zsa* 21+ Zse|

int]
2 IZtanIj > [

(Equation 30)

Setting for the tP2 timer, determining the maximum slip frequency for the consecutive
slips, follows the equation:

(Equation 31)
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fsmisamaximum dip frequency of the consecutive dlips, 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 36).

Tripping on way in and on way out

The PSP protection in REx 5xx terminal s has built-in two resistive tripping character-
istics (see figure 38):

* Right tripping characteristic, which passes in the impedance plain the first and the
fourth quadrant.

« Left tripping characteristic, which passes in the impedance plain the second and the
third quadrant.
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Figure 38: Left (4) and right (3) tripping characteristics and setting of their resistive
reach RILTR and L1RTR respectively.
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Both tripping characteristics are parallel with the system impedance Zg as long as the
system characteristic angle

05=75
(Equation 32)

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 we simplify the expressions and equalize the characteristics with their resistive
reach settings R1LTR and R1RTR respectively, than the following operating modes are
possible:

» Operation “on way in” for the transition from forward to reverse (FwRv). The PSP
will issue the tripping command, if the necessary number of FwWRv transitions has
been detected and the measured impedance enters the area left of the RIRTR oper
ating characteristic (3 in figure 36 and figure 38).

» Operation “on way out” for the transition 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 R1LTR oper-
ating characteristic (4 in figure 36 and figure 38).

» Operation “on way 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 R1LTR op-
erating characteristic (4 in figure 36 and figure 38).

» Operation “on way out” 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 RIRTR op-
erating characteristic (3 in figure 36 and figure 38)

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:
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RILTR = Re(Z1LTR) +Im(Z1LTR) tan(90° —bg)
(Equation 33)

ZILTR = +Pef1+—1
2 L

tan (1180 _ED

—Zsa
(Equation 34)

Seein figure 36 and figure 38 for the explanation of different parameters.

Setting of the resistive reach for the right tripping characteristic follows the equations:

R1RTR = Re[Z1RTRO-Im(Z1RTR) tan(90 —bg)

(Equation 35)

Z1RTR = %EZ'S 1-——|_75a

t2
(Equation 36)

Equations 13 to 16 are derived according to in figure 38, which means when
[EAl = |Es|
(Equation 37)

Thiscalculation satisfiesalso in great extent the system requirements, when both EMFs
differ in their magnitude.
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2.3

Close-in and remote end tripping areas

The number of slips usually permitted by the pole slip protection islower for the slips
with electrical center closer to the relay point (within the protected element) and higher
for the slips with electrical center degper in the network (external to the protected ele-
ment). The PSP in REx 5xx terminals has for this reason built-in a possibility to distin-
guish between the dips with close-in and remote electrical centers aswell asto
distinguish the number of slips required for the tripping command in one or another re-
gion. Two reactance characteristics (5 and 6 in figure 36) divide the complete operating
areainto two different parts.

Thefirst areaisaso called close-in operating area. Thisareaislimited in theimpedance
plain by four operating characteristics (3, 4, 5, and 6 in figure 36). 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. Thisareaislimited intheimpedance
plain by the operating characteristics 2, 3, 4, and 5 in forward direction aswell as 2, 3,
4, and 6 in reverse direction (see figure 36).

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. 1n 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 protectionin REx 5xx terminal s measures the phaseimpedance separately
in each phase according to the following equation:

. U
Zmin = #]
ILn
(Equation 38)
Where:
U are measured phase voltages (n = 1, 2,3)
ILn are measured phase currents (n =1, 2, 3)
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Figure 39 presents the operating characteristic for the pole slip protection inimpedance
planewith all the corresponding setting parameters. For detailed information on setting
parameters see the setting parameters in the “Technical reference manual’.
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Figure 39: Operating characteristic of the pole dlip protection with corresponding set-
tings in the impedance plane.

The phase impedances are calculated in a digital signal processor and the following bi-
nary signals are used later on within the functional logic:
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» ZOUTPSLNn when the measured impedance enters the external impedance detection
boundary in phase Ln (n =1, 2, 3). See figure in “Application”.

» ZINPSLn when the measured impedance enters the internal impedance detection
boundary in phase Ln (n = 1, 2, 3). See figure in “Application”.39

* 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
phase Ln.

» Additional signals, which determine the position of the measured impedance regard-
ing 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 modes is active during dif-
ferent system conditions. It is possible to have the “one out 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
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21 &
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Figure 40: Smplified logic diagram for a one-out-of-three oscillation detection logic

75



Pole slip protection (PSP) Chapter 4
Line impedance

76

The oscillation is detected in “one out of three” operating mode (see figure 40 and 41)

if in at least one phase the time difference, when the measured impedance enters the ex-
ternal (ZOUTPSLnN) and the internal (ZINPSLn) impedance boundary, is longer than

the time set on the tP1 timer. The output signal DET10f3 remains logical one as long as
the measured impedance in at least one phase remains within the external boundary.

The oscillation is recognized as the consecutive one, if the measured impedance re-en-
ters in 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 41 presents a simplified 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 the initial oscillation must be de-
tected in at least two phases, before the DET20f3 output signal becomes logical one.
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Figure 41: Smplified logic diagram for a two-out-of-three oscillation detection logic.
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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 pole dlip 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.

Figure 42 presents in 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 the terminal 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, which is
possible by the corresponding connection of the following functional input signals:

» PSP--REL1P, 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 this way re-
lease the operation of the distance protection function even during the oscillation con-

ditions.

» PSP--BLOCK - input functional signal, which blocks the operation of the complete

pole slip protection

» The PSP--START signal is disabled, if the measured impedance remains within the
external impedance boundary for the time, which is longer as the time interval set
on tR2 timer. It is possible to disable this functionality by the continuous presence

of a logical one signal on functional input PSP--BLK1.
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Figure 42: Logic for cooperation with distance protection function.
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The PSP--START output signal is disabled after the time delay set on the tR1 timer,
if the oscillation appears before the functional input signal PSP--IOCHECK becomes
logical one. This way it is possible to block the PSP function and release the opera-
tion of the line distance protection, if for example, an earth fault appears in the net-
work during the oscillations. This functionality can be disabled by the logical one
signal on the PSP--BLK2 functional input.

The PSP--START functional input is disabled, if the measured impedance have been
detected within the external operating boundary in all three phases and the PSP--
IOCHECK functional input signal became logical one within the time interval short-
er than the time delay set on timer tEF after the PSD--TRSP logical input changed
from logical one to logical zero. This function prevents the appearance of the PSP--
START output signal in cases, when one pole of the circuit breaker closes on persis-
tent single phase fault after the single pole autoreclosing dead time, if the initial sin-
gle phase fault and single pole opening of the circuit breaker causes the power
swinging in the remaining two phases.

Tripping criteria
The complete impedance operating area is divided on two detection and two trip regions

as presented schematically on figure 43. Detection area is divided on forward-reverse
detection region i.e transition from forward to reverse (TRANFwRvV) and reverse-for-

ward detection region i.e transition from reverse to forward (TRANRVFw). Trip area is

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 43: The impedance operating plain is divided on two detection regions and two
trip regions.

Theflow charts on figure 44 and figure 45 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 46 and figure
47 for the FwRyv transitions and the RvFw transitions respectively.
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Figure 44: 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 45: Flow-chart presenting the operation of the pole slip protection for there-
verse to forward transition (RvFw) after the oscillation has been detected.
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Figure 46: Flow-chart presenting summation trip (TRIPSUM) of the pole dlip protec-
tion for the forward to reverse transition (FWRv).
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Figure 47: Flow-chart presenting summation trip (TRIPSUM) of the pole slip protec-
tion for the reverse to forward transition (RvFw).
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2.4 Calculations

241 Setting instructions

The compl ete operation together with reach setting of the pole slip protection can local-
ly be set under the menu:

Settings
Functions
Groupn
I mpedance
PoleSlipProt

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 48.
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A B
z . Z
SA — Z|_ | SB
R | 8

99001019.vsd

Figure 48: Power system reduced to a two machine system.
Following are the necessary technical data:

Rated system voltage:

U, = 400kV

(Equation 39)

Minimum expected system voltage:
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Upin = 380KV

Rated system frequency:

f, = 50Hz

Ratio of voltage instrument transformers:

4901

“/é— = 3636

011
k]

==
1

Ratio of current instrument transformers used:

|
'p _ 1200[A] _ 1,00

Is 1[A]
Line length:
L = 210km

Line positive sequence impedance:

Z1p = (10.71 +(75.6)ohm

Source A positive sequence impedance:

(Equation 40)

(Equation 41)

(Equation 42)

(Equation 43)

(Equation 44)

(Equation 45)
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Zsap = (1.15 +j43.5)ohm

(Equation 46)

Source B positive sequence impedance:

ZSBp = (5.3+j35.7)ohm

(Equation 47)

Maximum expected load in forward direction (at minimum system voltage U,i)-

Smax = 1000MVA

(Equation 48)
with power factor
€oS(9nax) = 0.95
(Equation 49)
Maximum expected slip frequency for consecutive slips:
fomax = 8HZ
(Equation 50)
Expected initial dip frequency:
fSi = 2.5Hz
(Equation 51)

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
equipment):
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<115

6tI’L -

(Equation 52)

82 245
(Equation 53)

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 dipsin forward direction only.

The result of the system studies has shown that:

» ltis possible to have one slip over the remaining two phases between both systems
during the dead time of the single pole autoreclosing. It is a high probability that the
system will remain stable after the successful single pole autoreclosing.

* The second slip, if detected on the protected line, should be disconnected as fast 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 slips is less than 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. This is also the case for
this setting example. The corresponding impedance transformation factor is equal to:

KIMP =

mc l‘cc l"’_ k5™
=
=

(Equation 54)

The secondary values of the corresponding impedances are equal to:

Z_ = KIMP [Zp = (3.53 +j24.95)ohm
(Equation 55)
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Zsa = KIMP [(Zspp = (0.38 +(14.36)0hm

Zsg = KIMP [(Zgpp = (1.75 +j11 —78)ohm

Minimum load impedance

(Equation 56)

(Equation 57)

Minimum load impedance appearsin forward direction and is calculated according to

eguation 58:

(Umin)2

max

ZLmin = [KIMP= 47.630hm

System impedance and center of oscillations
The system impedance is according to equation 54 equal to:

Zs = Zsp+Z +Zsg = (5.63 +j51.08)ohm
The system characteristic angle (equation 57) is equal to:

o = atan[&D- 83.7"
s [RSD'

The corresponding setting of the system characteristic angle is thisway:

SCA = 837"

The center of the oscillation has the coordinates (equation 55):

(Equation 58)

(Equation 59)

(Equation 60)

(Equation 61)
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Zco = %DZ'S—Z'SA = (2.45+)11.19)ohm

(Equation 62)

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 59).

RIREXT = |Z|min| (K, = 42.870hm
(Equation 63)
We considered in this case
K, = 0.9
(Equation 64)

because the line islonger than 150km.
The corresponding load angle is according to equation 60 equal to:

Fsp+ 27 +7 o
8y = 2 [atan [IMI]: 61.88

2 [R1REXT
(Equation 65)

Resistive reach of the internal boundary in forward direction
We assume the setting of thefirst transition timer tP1 = 45ms. This bringsthe necessary

load angle for the right internal boundary of the oscillation detection characteristic
(equation 60):

8;py = 360 [T, [tP1+3,,= 102.4
(Equation 66)

The corresponding resistive reach setting is this way (equation 61):
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RIRINT = (Zsa* 2t Zss| _ 0000

int[]
2 EtanE| > 0

(Equation 67)

It is necessary to check that this operating characteristic (see “Application”, boundary
2 on figure 1) covers completely the distance protection zones, which should be blocked
during the power swings in system, if the pole slip protection is used also for these pur-
poses. In this particular case we check only the primary fault resistance, which could be
covered by the corresponding distance protection zones:

-1 -
Rep = v (RIRINT [0.95= 59.50hm

(Equation 68)

This resistive reach satisfies in most practical cases for the resistive covering of the dis-
tance protection zones one and two. Factor 0.95 in equation 68 is considered as a safety
factor. In this way 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 slips. Its setting is
calculated according to equation 63 and the specified value of the maximum expected
slip frequency:

éint _6ext

tP2 =

= 5 = 14ms
360 O,

(Equation 69)

The required value is well over the minimum suggested value of 10ms. The maximum
detectable slip frequency with setting of the tP2 timer equal {g{R2L0ms and with
unchanged settings of the impedance oscillation detection boundaries is equal to:

- OOt - gq5p,
360 P2,

fsmax

(Equation 70)

This is a very high value, which usually does not appear in a real power system.
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Settings of the reverse oscillation detection resistive boundaries

It has been mentioned that the similar pole dip protection deviceisintended to be used
at theremoteline end. The maximum load in reverse direction 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:

R1LEXT = R1REXT = 42.870hm
(Equation 71)

RILINT = R1RINT = 20.690hm
(Equation 72)

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 67 and equation 68:

Z1RTR = %DZS 1-—L —|_7¢a = (18.72+j9.38)ohm

trR]
tan )

(Equation 73)

R1RTR = Re[Z1RTRO-Im(Z1RTR) tan(90 - bg)
(Equation 74)

R1RTR = 17.68 ohm
(Equation 75)

The condition RIRTR<R1RINT isin thisway fulfilled.

Necessary setting of the resistive reach for the left tripping characteristic is cal culated
according to eguations.
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Z1LTR = %DZS 14—J

(Equation 76)

Z1LTR = (18.72+j9.38)ohm
(Equation 77)

RILTR = Re(Z1LTR) +Im(Z1LTR) Oan(90 —¢g)

(Equation 78)

R1LTR = 19.760hm

(Equation 79)

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.

Since itis required to operate only for the pole slip situation with centers of slips in 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) is re-
quired. This kind of operation does not require any reverse reach. Itis recommended for
this reason to set the corresponding setting parameters to their minimum values.

R1PSLRv = 0.1ohm
(Equation 80)

X1PSLRv = 0.1ohm
(Equation 81)
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Thetripping characteristic in forward direction should cover the slips with their electri-
cal center on the protected power line. 10% of safety margin is sufficient in order not to
overreach for the slips with their centers on the adjacent power lines. The necessary set-
tings are equal to:

R1PSLFw = 0.9 [(Re(Z.) = 3.180ohm
(Equation 82)

X1PSLFw = 0.9 Om(Z.) = 22.450hm
(Equation 83)

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 a so the back up protection
for the slips 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 assume in this example that the pole dip protection should al so block the operation
of the distance protection zones one and two. Zone two must be set to at |east 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 Dm(ZL)= 34.43 0hm
(Equation 84)

Reactive reach of the external oscillation detection boundary should permit the same
speed of detected slips asthe one determined in the resi stive direction. We can even pro-
vide some additional margin (5%).

X1FEXT = 1.05 R1REXT —R1RINT) + X1FINT
(Equation 85)

X1FEXT = 57.730hm
(Equation 86)
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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 isanyway suggested to set the reactive reach in reverse direction to at least 10% of
theonein 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 87)
X1REXT = 1.05 R1REXT —R1RINT) + X1RINT

(Equation 88)
X1REXT = 26.750hm

(Equation 89)

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.
Itis 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 FwRv transition has been completed) to the external
right impedance boundary (to start the detection of the new oscillation) iscalculated ac-
cording to the equation:

+(360 -3, .
( Lint)_ 1 795

smin

5
tw = 1.3 Rext

360" Of
(Equation 90)
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Where:

ORext Corresponding load angle at the right external resistive boundary (in our
case they equal to 61.9 deg)

Opint 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.

Setting of the tripping modes and the transition counters

The pole slip 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

e TrincRvFw = Off
* TrOutRvFw = Off
» TrFastRvFw = Off
» TrDelRvFw = Off
* nFastRvFw =10
 nDelRvFw =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 TrFwRv =0n

e TrincFwRv = On
* TrOutFwRv = Off
e TrFastFwRv = On
e TrDelFwRv = On
* nFastFwRv =1
 nDelFwRv =3
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Additional timers in the oscillation detection circuits

TimerstR1, tR2, tEF, and tHZ are used in the oscillation detection logic (seefigurein
“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

The tHz hold timer prolongs the duration of the PSP--START signal, which can be used
for blocking the distance protection zones. Its setting should be with a certain margin

(10 to 15%) longer than the time required for the detection of the consecutive slips with
fastest slip frequency in a system. In our case the required value is equal to:

tHZ = 1.15 E)fL = 144ms

sm

(Equation 91)

tR1 inhibit timer

The tR1 inhibit timer delays the influence of the detected residual currgon3fie

inhibit criteria for the PSP function. It prevents the operation of the function for short
transients in the residual current as measured by the terminal. The time delay of 50 ms
is suggested as default, when the residual current criteria is used.

tR2 inhibit timer

The tR2 inhibit timer disables the output PSP--START signal, if the measured imped-
ance remains within the impedance detection area for more than the set time. This time
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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About this chapter
This chapter describes the current protection functions.
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Instantaneous overcurrent protection (I0C)

Application

unbalancel ong transmission lines often transfer great quantities of electrical power
from production to consumption areas. The unbalance of the produced and consumed
electrical power at each end of the transmission lineisvery large. This meansthat a
fault 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):

* The type 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.

* The total fault clearing time. The phase angles between the EMFs of the generators
on both sides of the transmission line increase over the permitted stability limits if
the total fault clearing time, which consists of the protection operating time and the
breaker opening time, is too 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 (I0C), which can operate in 15 ms (50 Hz nominal system frequency) for faults
characterized by very high currents, is included 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-faults in
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:
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1.3

* Inthe case of high infeed of fault current from the opposite end of the line, this might
increase the fault resistance seen by the distance relay to such a value that the instan
taneous step of the distance protection will not operate.

» In applications with series compensated lines, where the capacitor is located at the
end of the line and very strong infeed of fault current from that end, will result in a
difficult problem for the distance protection to perform a selective fault clearance.
This due to the voltage reversal that might occur.

The use of instantaneous overcurrent earth-fault protection is most suitable for long
lines in meshed transmission systems. It can also be used for radial lines with 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.

The instantaneous, non-directional, earth-fault overcurrent protection (I0C), which can
operate in 15 ms (50 Hz nominal system frequency) for faults characterized by very
high currents, is included in some of the REx 5xx terminals. Refer to the ordering in-
formation for more details.

Functionality

The current-measuring elements within 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. The logical value of each phase current signal on the output of the digital signal
processor (STIL1, STIL2 and STIL3 respectively) is equal 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 elements within 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 filters the current signals, and a separate trip counter prevents
high overreaching of the measuring elements. The logical value of the signal on the out-
put of the digital signal processor (IOC--STIN) is equal to 1 if the measured zero se-
guence current exceeds the pre-set value.

Design

The simplified logic diagram of the instantaneous phase overcurrent function is shown
in figure 49.
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The overcurrent function is disabled if:

e The terminal is in TEST mode (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlocklOC=Yes)

* The input signal IOC--BLOCK is high.

The IOC--BLOCK signal is a blocking signal of the instantaneous phase overcurrent
function. 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 a block 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 this is installed in the terminal.

When the instantaneous phase overcurrent function is enabled, the output tripping sig-
nals IOC--TRL1, IOC--TRL2, IOC--TRL3, IOC--TRP and IOC--TRIP can operate.

The duration of each output signal is at least 15 ms. This enables continuous output sig-
nals for currents, which go just a little above the set operating value.

The single phase trip signals IOC--TRL1, IOC--TRL2, and IOC--TRL3 are related to
L1, L2, and L3 phases and therefore also suitable for the single phase tripping with sin-
gle-phase auto-reclosing.
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Figure 49: Smplified logic diagram of instantaneous overcurrent protection

The signal 10C--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 genera instantaneous overcurrent trip when
in the REx 5xx termina a so 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 10C--TRP and
can be used for signalization.

The simplified logic diagram of the instantaneous phase overcurrent function is shown
in figure 50.

The overcurrent function is disabled if:
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e The terminal is in TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlocklOC=Yes)

« The input signal IOC--BLOCK is high.

The I0C--BLOCK signal is a blocking 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 a block 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
IOC--TRIP can operate. The duration of each output signal is at least 15 ms. This en-
ables continuous output signals for currents, which go just beyond the set operating val-
ue.

The IOC--TRN signal is related to the residual overcurrent trip.

The I0C--TRIP output signal behaves as general instantaneous overcurrent trip when
in the REx 5xx terminal also the instantaneous phase overcurrent function is imple-
mented. l.e. this signal will be activated in case of residual overcurrent detection or in
case of any single-phase overcurrent detection (IOC--STIL_: IOC--STIL1 or I0C--
STIL2 or IOC--STIL3). If only the residual overcurrent function is implemented in the
terminal, then this signal behaves exactly as the signal IOC--TRN and can be used for
signalising.
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Figure 50: Smplified 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 possiblefault 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 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, overcurrent protection.

105



Instantaneous overcurrent protection Chapter 5
(10C) Current

Meshed network without parallel line

The following fault calculations have to be done for three-phase, single-phase-to-earth
and two-phase-to-earth faults. With reference to figure 51, apply afault in B and then

calculate therelay through fault phase current I¢g. The cal cul ation should be done using
the minimum source impedance valuesfor Z, and the maximum source impedance val -
ues for Zg in order to get the maximum through fault current from A to B.

I
B -

B Zp
| =
T I_I L |

Relay

A
|~
|

[ ]
O

Fault

99000474.vsd

Figure 51: Through fault current fromAto B: I

Thenafaultin A hasto be applied and the through fault current I;5 hasto be calculated
(Figure 52). In order to get the maximum through fault current, the minimum value for
Zg and the maximum value for Z, have to be considered.

-4
Za A Z B Zp
(ST o +—4H +—~)
T |
Relay
Fault

99000475.vsd

Figure 52: Through fault current fromB to A: l¢p

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(IfA, IfB)
(Equation 92)

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 93)

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 (Izinfigure
53).
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Figure 53: Fault current: I

The current transformer secondary setting current (Isgec) is:

|
_ _SEC

Issec = o s
PRIM

(Equation 94)
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Where | e isthe secondary rated current of themain CT and | pgy ) iSthe primary rated
current of the main CT.

Therelay setting value IP>> isgiven in percentage of the secondary base current value,
|1, @ssociated to the current transformer input 11. The valuefor IP>> isgiven from this
formula:

Is
IP>> = —EC€ 00
lip
(Equation 95)

Thisisthe value that hasto be set in the terminal.
Set this value under the setting menu:

Settings
Functions
Groupn
InstantOC

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 exampleis given in figure 54 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 Isg mentioned previously. The maximal in-
fluence from the parallel linefor therelay in figure 54 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 therelay (I, )
on the healthy line (this appliesfor single-phase-to-earth and two-phase-to-earth faults)
is calculated.
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Figure 54: Two parallel lines. Influencefrom parallel line to the through fault current:
Im

The minimum theoretical current setting for the overcurrent protection function (Imin)
will be:

Imin = MAX(l¢a, i, Iy)
(Equation 96)

Where |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 Omin
(Equation 97)

The protection function can be used for the specific application only if this setting value
is equal or less than the maximum phase fault current that the relay hasto clear.

The current transformer secondary setting current (ISgec) iS:
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lsec
IpRIM

ISggc = s

(Equation 98)

Where | i isthe secondary rated current of the main CT and | pgy 1S the primary sec-
ondary rated current of the main CT.

Therelay setting value IP>> is given in percentage of the secondary base current value,
I 1, @ssociated to the current transformer input 11. The valuefor IP>> isgiven from this
formula:

Is
IP>> = —2E€ 00
Ilb
(Equation 99)

Thisisthe value that has to be set in the terminal.
Set this value under the setting menu:

Settings
Functions
Groupn
InstantOC

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 possible fault current is expected on the line. In most cases, this current appears
during single-phase fault conditions. But also 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 exampleis atransmission 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.
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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 55, apply afault in B and then caculate
the relay through fault residual current I¢g. The calculation should be done using the
minimum source impedance valuesfor Z, and the maximum source impedance values
for Zg in order to get the maximum through fault current from A to B. The zero se-
quence source impedances are of great importance.

|
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Relay

Fault
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Figure 55: Through fault current fromAto B: I

Then afault in A hasto be applied and the through fault residual current I¢5 has to be
calculated (Figure 56). In order to get the maximum through fault current, the minimum
value for Zg and the maximum value for Z, have to be considered.
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Relay
Fault
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Figure 56: Through fault current fromB to A: lp
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The relay must not trip for any of the two trough fault currents. Hence the minimum
theoretical current setting (Imin) will be:

Imin = MAX (¢, i)
(Equation 100)

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 101)

The protection function can be used for the specific application only if this setting value
isequal or less than the maximum fault current that the relay hasto clear (I in Figure
57).
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Figure 57: Fault current: I

The current transformer secondary setting current (Iseec) is:

Isec

ISggc = T s
PRIM

(Equation 102)
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Set this value under the setting menu:

Settings
Functions
Groupn
InstantOC

Note: n=1,2,3 or 4, depending on which group to set.

Meshed network with parallel line

In case of parallel lines, the influence of the induced current from the parallel lineto the
protected line has to be considered. One example is given in figure 58, where the two
lines are connected to the same busbar. In this case the influence of the induced residual
fault current from the faulty line (line 1) to the healthy line (line 2) is considered togeth-
er with the two through fault currents I and lyg mentioned previously. The maximal
influence from the parallel line for therelay in Figure 58 will be with afault at the C
point with the C breaker open.

A faultin C hasto 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
Z1
_/

ZA ZB
(~—H Faué v H_—(~)
Z>

I 99000477.vsd
M
Relay Line 2

Figure 58: Two parallel lines. Influencefrom parallel line to the through fault current:
Im-

The minimum theoretical current setting for the residual overcurrent protection func-
tion (Imin) will be:

113



Instantaneous overcurrent protection Chapter 5
(10C) Current

114

Imin > MAX(Igp, lig, Ty)
(Equation 103)

Wherel¢5 and l;g 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=1,30min
(Equation 104)

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 (ISsgc) is:

Isec
lpRrIM

(Equation 105)

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, serves asabuilt-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 possibleto 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 signals, 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 STIL 3 respec-
tively) isequa to 1 if the measured phase current exceeds the set value. These signals
will instantaneously 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 filtersthe 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) isequal 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
a three phase trip is generated from the output signal TOC--TRN.

Design

The simplified logic diagram of the time delayed phase overcurrent function is shown
in figure 59.

The function is disabled (blocked) if:

e The terminal is in TEST mode (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockTOC=Yes).

* The input signal TOC--BLOCK is high.

The TOC--BLOCK signal is a blocking 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 a block 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 this is
installed in the same REx 5xx terminal.

When the function is enabled, there is 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.
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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.

The output trip signal TOC--TRPisathreephasetrip. 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 asthe signa TOC--TRP and
can be used for signallization.

TOC - TIME DELAYED PHASE OVERCURRENT FUNCTION

| TEST d TOC-TRIP|
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TOC-TRPI
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Figure 59: Smplified logic diagram of time delayed phase overcurrent protection

The simplified logic diagram of the time delayed earth-fault protection is shownin fig-
ure 60.

The time delayed residual function is disabled if:

* The terminal is in TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockTOC=Yes).

» The input signal TOC--BLOCK is high.
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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.

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 a block command from internal functions.
Through OR gates it can be connected to both binary inputs and internal function out-
puts.

When the residual overcurrent protection is enabled, thereisstill a possibility to block
thetrip output only, without affecting the start signals, which awayswill 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-
nals for 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
inthe REx 5xx terminal also 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 intheterminal, then thissignal behavesexactly asthesignal TOC--TRN and
can be used for signalization.

TOC - TIME DELAYED RESIDUAL OVERCURRENT FUNCTION

| TOC--BLKTR

Trip Blocking d tN

|
|
|
|
i
|
|

IToc--BLOCK

| | TEST-ACTIVE
| _ N
| BlockTOC= Yes N

TOC--TRIP|
|
TOC--TRN
|

Function Enable .
TOC--STN,

€n01000076vsd |

Figure 60: Smplified 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 Lrlzax <1s <0.7 OFmin
(Equation 106)

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 typical 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 (Isec) is:

|
_ 'SEC
Isgec = s

IpRIM

(Equation 107)
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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.

Therelay setting value IP> is given in percentage of the secondary base current value,
11, associated to the current transformer input 11. The value for P> is given from this
formula:

Issec

P> = |
1b

[1oo

(Equation 108)

Thisisthe value that has to be set in the terminal.
Set this value under the setting menu:

Settings
Functions
Groupn
TimeDelayOC

OnthevauelP>.

Setting of time delay tP
Set the time delay of the function, tP, under the setting menu:

Settings
Functions
Groupn
TimeDelayOC

on the value tP.
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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.

The settings should be chosen in such away that it can detect high resistance faults on
the protected lineand 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.

Inwell transposed system, the fal se earth-fault current isnormally lower than 5% of the
line current. For non transposed lines a considerably higher false residual current may
be found.

In case of extremely short or not fully transposed parallel lines, thefalseresidual current
must be measured or cal culated when maximum sensitivity isdesired. Generally, 80 A
is recommended as a minimum primary operation value for the residual overcurrent
protection.

Generdl criteriafor the primary current setting value of the time delayed residual over-
current protection is given in the formula below:

1.3 0Rmax<Is<0.7 OFmin

(Equation 109)

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.
1.3 and
0.7 are safety factor values.
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Setting of operating current IN>
If Isisthe primary setting operating value of the function, then the secondary setting
current (Issgc) is:

|
_ _SEC
ISgec = Os

IpRIM

(Equation 110)

where | gec isthe secondary rated current of the main CT and | pgy isthe primary rated
current of the main CT.

The relay 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

ISsec
IN> = ——=—= 100
14b

(Equation 111)

and thisis the value that hasto be set in the relay.
Set the value under the setting menu:

Settings
Functions
Group n (n=1-4)
TimeDelayOC

For the parameter IN>.

Setting of time delay tN
Set the time delay of the function, tN, under the setting menu:

Settings
Functions
Group n (n=1-4)
TimeDelayOC
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3.2

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 networks it 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 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 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 is used 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.
The low 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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I [Toc2-BLOCK
| |TOC2-BLKTRLS &

| TOC2-BLKTRH§ &

Figure 61 shows asimplified logic diagram for the two step phase overcurrent protec-

tion.
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Figure 61: Two step time delayed phase overcurrent protection, simplified logic dia-
gram

Calculations

Setting instructions

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.
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Line protection in radial network

The phase overcurrent protection is suitable to usein radial 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 has to be taken to the relay reset cur-
rent, so that a short peak of overcurrent does not cause operation of therelay even when
the overcurrent has ceased.

The lowest setting va ue can be written:

lpu21.2 B
(Equation 112)
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 aso 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 cul ated. Taking thisvalue asabase, the highest pick
up current setting can be written:

l,,£0.70

pu = scmin
(Equation 113)

125



Two step time delayed phase overcurrent Chapter 5

126

protection (TOC?2) Current
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:

I
120988 < <070

kK ~'pu= scmin

(Equation 114)

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 gives the 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 21.2 |:kt Dscmax
(Equation 115)
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 due to thermal overload, at the same
time selectivity isassured. For overcurrent protection, in aradial fed network, the time
setting can be chosen in agraphical 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 as for radial networks.

If inverse time characteristics are used with equal current and time setting for all phase
current protectionsin the system the selectivity 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 co-ordination between the different phase over-
current line protections is done by means of current setting.

Asthe phase overcurrent protection often is used 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
Following formulas are valid for the inverse time characteristic:

Table 6: Formulas for the inverse time characteristic

Characteristic: Time delay(s):
Normal inverse 014
t= 0,02 1 [k (Equation 116)
17—
Very inverse 13
t= -1 K (Equation 117)
Extremely inverse 80
= |2 -1 tk (Equation 118)
Rl inverse
t = 1 [k ]
0,339- [{0,236)/10 (Equation 119)
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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 factorsfor the setting of inversetime 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 settings are given in Setting table. Setting of parameters are found in the menu un-
der:

Settings
Functions
Group n (n=1-4)
InvTDelay
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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 networks it 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.

Thereisa 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 functionisused. 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 a low 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 got individual inputs for blocking.
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Functionality
Theory of operation and design

Current measuring element

The current measuring element continuously measures the current in al 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 the inverse time eval uation according to choosen characteristic starts
and the INV signal sets after corresponding time. A filter ensuresimmunity to distur-
bances and DC-components and minimizes the transient overreach. A simplified block
diagram isfound in figure 62. The function is true phase segregated. This means that
there are identical measuring elements in each phase.

: Characteristic= DefiINIVIEIRI N\J———NI, VI, EI, RI
: I\g»nv STINVL1-int (L2,L3)

I
I
I
I
I
| I>Low i
1IL1 (L2, IL3) __IE STLSL1-int (L2,L3) I
I
I
I
I
I
I

I>High
STHSL1-int (L2,L3)

en01000175.vsd

Figure 62: Smplified block diagram for definite and inverse time delayed phase over-
current function

Theinversetime delay can be set for different characteristics by the setting Character-
istic = x, the x is choosen from the following:

Def (Definite time)

NI (Normal inverse)

VI (Very inverse)

El (Extremely inverse)

RI (Inverse time corresponding to relays of type RI)

EECENE -

With setting Characteristic = Def the signal INV will be set to zero.
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The different inverse time characteristics are defined in the “Technical reference man-
ual”.

Directional overcurrent function

The directional overcurrent function uses the information from the current measuring
elements as described in "Current measuring element” and the directional impedance
measuring element as described for the distance protection function, to create the direc-
tional overcurrent function.

Directional phase selection
In order to use correct directional information during all types of faults the function is

provided with a simple phase selection. The phase selection is assigned to distinguish
between phase to earth faults and phase to phase faults.
The criteria for the two indications that are regarded in the function are:

Phase to earth fault (PE FAULT):

30,20.5 OMinOp

(Equation 120)

and

30g=INReleasePE/100 Oy nay

(Equation 121)

Phaseto phasefault (PP FAULT):

30,<0.20,

(Equation 122)

OR

300 <INBlockPP/100 [l

(Equation 123)
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If the criteriafor PE FAULT are fulfilled the phase to earth directional 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 is to preserve the phase to phase measurement also during
two-phase to ground faults with high residual current (at least as long asthe criteriaa-
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 phasesisrequired, seefigure
63).

PE FAULT
&

—9 - L1

PP FAULT | & T

21
DIRFWLIN - int | e |7

DFWL1 - int.

i

|

i

|

| DIRFWLIL2 -int 1
| L2
|

i

|

i

i

LiL2 DFWL2 - int.
-1 >
STLSL1 - int 213 21

STHSL1 -int 21

STLSL2 - int
STHSL2 - int 21

DFWL3 - int.
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Figure 63: 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 direction isactually held back during 50 msaccording to thelogic
of figure 64. Each phase and each set stage is provided with an individual logic circuit
(six circuitsinal) to allow operation during simultaneous earth faults (one forward, one
reverse).
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Figure 64: Current reversal logic for one phase and one set step

General overcurrent operating principles

Thelow 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 62. 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 65,
below.

T T T T T T T T T T T T T T T |

|
|
i STLSL1-int STARTLSL1-int.
i

Operation (Low) = NonDir

' Operation (Low) = ForwRelease

i
i
i
i
| |
! STLSL1-int STARTLSLL-nt. |
|
|
i
i
i

| FWL-int &
I
i

Operation (Low) = RevBlock

I STLSL 1-int
| RVLLnt &

g J

en01000156.vsd

STARTLSL1-int.

Figure 65: 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 voltage is 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 isused 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 general principles of time delay for the two steps of the overcurrent functionisdis-
played in the following figure 66.

STARTHSL1-int TRHSL1-int.

I

| isti Low set step

! CharactenstlczDefN— &

I

| tLow .
! . tMininv 51 ] TRLSLI-int.
| STARTLSL1-int 't_| | |

i l=s g | :

| STINVLI-int

I

I

i

i

€n01000157.vsd

Figure 66: Delayed time operation for low set step and general time delay

General trip signals are derived from the phase segregated starts according to figure 67.
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Figure 67: General trip

With setting Characteristic = Def (figure 66) the signal TOC3-TRLS will 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 66) we have the following: If, at
least one of the phase currents exceeds the set value I>Low, the timer circuit tMininv
is activated together with the inverse time measuring circuit (figure 62) in order to cal-
culate the operating time. The operating time is determined by the magnitude of the cur-
rent, characteristic choosen, set characteristic current I>Inv and timemultiplier k. When
both the inverse time and tMinInv have elapsed the timer tLow will be activated and
after itstimeiselapsed the signal TOC3-TRL Sisactivated. It must be observed that the
time delay of operation, if inverse time characteristicsis used, will be the sum of the
inverse time delay and the tLow setting.

The timer circuit tMinInv (figure 66) can be used to achieve a defined minimum oper-
ating 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 beactiveif 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.

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.
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An externa signal connected to TOC3_BLOCK will block both low and high set steps.

Figure 68 illustrates how the start signals are formed.

|
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| Y I
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Figure 68. Sart signals

Asthe 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.

4.3 Calculations

431 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 severa applications only some examples are discussed.
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Line protection in a radial network

The directional phase overcurrent protection is suitable to use in radial systems with
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 has to 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 vaue can be written:

lmax

lpu21.2 R
(Equation 124)
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 theline 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.

There isalso a demand 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:

l,,<0.70

pu = scmin

(Equation 125)
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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 DmT’“ <1y <0.7 Ogemin

(Equation 126)

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 isdesirableto 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 hasto be
taken into consideration. Thelowest current setting of the most rapid stage, of the phase
overcurrent relay, can be written:

Ihigh 21.2 |:kt Dscmax
(Equation 127)

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 a graphical 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 radial networks.

If inverse time characteristics are used with equal current and time setting for all phase
current protectionsin the system the selectivity 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 is used 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 setting parameters and ranges are shown in the setting table.

Following formulas are valid for the inverse time characteristic:

Table 7: Formulas for the inverse time characteristic

Characteristic: Time delay(s):
Normal inverse 0,14

t= 502 1 Ck (Equation 128)

1 —

Very inverse 13,5

t= m’ k (Equation 129)
Extremely inverse 80

t= |2 1 [k (Equation 130)
Rl inverse

_ 1 X |
' = 5.339-1(0,236)/10) (Equation 131)

139



Two step time delayed directional phase Chapter 5
overcurrent protection (TOC3) Current

140

Where:
I denotes (measured current)/ I>Inv and

k is a time multiplier with setting range 0,05 - 1,10.

The decisive factorsfor the setting of inversetime 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 settings are given in Setting table. Setting of parameters are found in the menu un-
der:

Settings
Functions
Group n (n=1-4)
DirInvTDelay
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5.1

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 varieswith 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 (3lp).

The inrush current can cause unwanted tripping of the earth-fault overcurrent relay
when energizing a directly earthed power transformer. The earth-fault overcurrent pro-
tectionistherefore provided with second harmonic restraint, which blocksthe operation
if the residual current (3lg) 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 the inverse 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 beused. Astheresidual current isnormally very small during normal operation the
setting value can be set very low. In case of small residual currents, due to high resis-
tance phaseto earth faults or serial faults, theresidual voltage in 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.

Astheresidual voltage is often very small at high resistance earth faults and serial
faults, any directiona 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 theinverse 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 aphase angle equal to the angle

of the zero-sequence source impedance. In solidly earthed networks, thisangleisinthe

range of 40° to nearly 90°. The high value refers to stations with directly earthed trans-
formers with delta winding. To obtain maximum sensitivity at all conditions, the for-
ward measuring element should have a characteristic angle of 65°.

As a general rule, it is easier 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. Itis possible to obtain
selectivity by the use of a directional comparison scheme, which uses communication
between the line ends.

If a communication 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 a line is selectively tripped if the difference be-
tween the residual current g3but on the faulted line and the residual currery) @it

on the other lines gives a time difference of 0.3-0.4 seconds. A logarithmic characteris-
tic is generally the most suitable for this purpose, because the time difference is constant
for a given ratio between the currents.

Directional comparison logic function

In the directional 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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5.2

521

A communication logic block for residual overcurrent protection can beincluded in the
REx 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 (3lg) and the residual voltage (3Ug). Fig-
ure 69 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 69: Smplified logic diagram for the residual overcurrent protection

Activate theindependent time-del ay 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. The tMin timer startswhen the 3l
current to the relay 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 calculation 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, V1 etc.) inthe
Characteristic setting and the setting of the characteristic IN> current.
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Thetl timer isnormally set to zero. Useit to add a constant time to the inverse time
delay. Figure 70 shows the effect of the IMin and tMin settings on the inverse charac-
teristic.

ts) IMIN
Logaritmic
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(k=0,4)
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|
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Figure 70: 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. Thefunction is activated 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 el ement operates when:

3l Ccos (¢ —65°) =IN>Dir

(Equation 132)
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Where:

¢ is the angle between 31y and 3Uq (positive if 3l lags 3Ug)

IN>Dir is the set operate value

A
Y >
o Upol = -3U,
65° IN Operation
IN>Dir
99000052.vsd

Figure 71: 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 is low, 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, the filtering secures a correct function for fundamental frequen-
cy polarising voltages down to 1% of the rated voltage.
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5.3

53.1

In case of an externa 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 false 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.

The imbalancein the network that causes fal se earth-fault currentsis caused mainly by
untransposed or not fully transposed parallel 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 false earth-fault current is normally lower than 5% of
the line current.

In case of not fully transposed parallel lines, measure or calculate 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 sel ectivity, 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 as in the existing relays.

Thefollowing formulasfor the operatetime (in seconds) apply to the characteristic used
within the REx 5xx terminal with line protection, see table 8.
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Table 8: Operate time formulas

Characteristics Operate time (s)
Normal inverse 014 K
t= 1002 _ 4 (Equation 133)
Very inverse 135
t= |— Ck (Equation 134)
Extremely inverse 80
t= > k (Equation 135)
“-1
Logarithmic inverse t = 58—(135nl)
(Equation 136)

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 selective 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 inverse time delay. So an in-
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 residua 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 inverse time de-
layed residual 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 alternative 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 is normally 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 apolarizing voltage down to 1 percent of therated voltage
will provide correct directional functionality. Thisis aso valid when the protection is
connected to CVTs.

The minimum polarizing voltage to the protection (Umin) is cal culated from the formu-
la

U =1 (Z Tusec
min = 'F min 0 min
rim

p
(Equation 137)

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, IFmin represents the primary operate current of the re-
verse-looking directional e 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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6.1

6.2

6.2.1

Scheme communication logic for residual
overcurrent protection (EFC)

Application

This communication logic isintended 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 this function 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 isused for communication, these special
channels are strongly recommended due to the communication disturbance caused by
the primary fault.

Inthedirectiona 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 enables rapid automatic
reclosing function after the fault.

During a single-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 also containslogic 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 containslogic for blocking overreach and permis-
sive overreach schemes.
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Thecircuitsfor the permissive overreach scheme contain logic for current reversal and
weak-end-infeed functions. These functionsare 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.

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 lineend if the directional
element detects afault in the reverse 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 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 isalso transmitted on ahealthy
line and no signal attenuation will occur due to the fault.

Blocking schemes are particularly favourable for three-terminal applicationsif thereis
no zero-sequence current outfeed from the tapping. The blocking schemeisimmuneto
current reversals because the received carrier signal is maintained long enough to avoid
unwanted operation due to current reversal. There is neither 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 72: Smplified 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 isdetected in the forward direction. The directional
element at the other line end must wait for a permissive signal before giving atrip sig-
nal. Independent channel s (frequencies) must be available for the communication in
each direction.

An impedance-measuring relay which works in 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,5/ 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 afault 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 signal isreceived viathe EFC--CR binary input (carrier receive).
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6.3

6.4

6.4.1
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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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Figure 73: Smplified logic diagram, Scheme type = permissive

Design

Blocking scheme

In the blocking scheme, asignal is sent to the other line end if the directional element
in TEF function, connected to the EFC--CSBLK input signal, detects afault in there-
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 el ement in TEF function,
connected to the EFC--CSPRM input, sends a permissive signal to the other line end if
afault is detected in the forward direction. The directional element at the other line end
must wait for apermissive signal before giving atrip signal. Independent channels (fre-
guencies) must be available for the communication in each direction.

Calculations

Setting
The settings are done from the local HM1 under the menu:
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Settings
Functions
Groupn(n=1.4)
Earth Fault
EFCom

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 thetCoord 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 logicisintended 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 1ogic and weak-end-infeed logic. Both
functions are available within the additional communication logic for earth-fault pro-
tection.

Current reversal logic

If parallel lines are connected to common buses at both terminals, 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.

Thefault 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-
tia tripping is achieved. Thisrequires a detection of the fault by an independent-trip-
ping zone 1. To avoid sequential tripping asdescribed and when zone 1 is not available,
weak end infeed tripping logic is used.
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7.2

7.2.1

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 functions in the directional earth-fault protection
modul e to get back-up tripping in case the communi cation equi pment malfunctions and
prevents operation of the directional comparison logic.

Figures 76, 77 and 78 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, to the EFCA-BL OCK input
of the directional comparison module.

Fault current reversal logic

Figures 74 and 75 show atypical system condition, which can result in a fault current
reversal; note that the fault current isreversedin line L2 after the breaker opening. This
can cause an unselectiv trip on line L2 if the current reversal 1ogic does not block the

permissive overreach scheme in the terminal at B:2.

Strong L1 ‘ Weak
source Al ? B:1 source
(: : :)—cA B o—(: : :)
A2 B:2

99000043.vsd

Figure 74: Initial condition
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Strong L1 Weak

source Al ? B:1 source

(:: :)—cA Bo—(:: :)
A2 B:2

99000044.vsd
Figure 75: Current distribution after the breaker at B:1 is opened

The fault current reversal logic uses areverse directed element, connected to EFCA-
IRV, whichinterminal at B:2 recognisesthefault on the L1 line. See Figure 74. When
thereverse direction element is activated during the tPickUp time, the EFCA-IRVL sig-
nal is activated, seefigure 76. The logic is now ready to handle a current reversal with-
out 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
76. This ensures the reset of the carrier receive EFCA-CR signal in terminal B:2.

Interminal A:2, wheretheforward direction element wasinitialy 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 termina A:2.

—,————r— — — —  — - — - — - - f— e — - — - — - — - q

'EFCA-BLOCK !
I I
. 0-60 s 10 ms 0-60 s 0-60 s

EFCA-IRV EFCA-IRVL ;
L f t'—' t'—'t ! & t |
: EFCA-IRVBLK tPickUp tPickUp tDelay
T

L |
99000053.vsd

Figure 76: Smplified logic diagram, current reversal
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Weak and infeed logic

Figure 77 shows atypical system condition, which can result in amissing operation;
note that thereis no fault current from node B. This cause that terminal at B cannot de-
tect the fault and trip the breaker in B. To cope with this situation, a sel ectable weak end
infeed logic is provided for the permissive overreach scheme.

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). See figures 78 and 79.

Strong Weak
source source

8= Ll7 —)

99000054.vsd

Figure 77: Initial condition

The weak end infeed logic uses normally areverse and aforward direction element,
connected to EFCA-WEIBLK viaan OR-gate. Seefigure 78. If neither the forward nor
thereversedirectional measuring element isactivated during the last 200 ms. The weak-
end-infeed logic echoes back the received permissive signal. See figure 78.

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.

e '|
| EFCA-BLOCK !
| |_C |
| EECA-WEIBLK ,ZOLTF’ soms [ 200ms o EFCA-ECHO |

— & t j
'EFCA-CRL e e !
I |
; WEI = Echo !

99000055.vsd

Figure 78: Smplified logic diagram, weak end infeed - echo.
With the Trip setting, the logic sends an echo according to above. Further, it activates

the EFCA-TRWEI signa to trip the breaker if the echo conditions are fulfilled and the
neutral point voltage is above the set operate value for 3U,.
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The voltage signal that is used to calculate the zero sequence voltage is set in the earth-
fault function that is in operation.

e .
| EFCA-BLOCK !
i |
| EFCA-WEIBLK ,ZOLTF | soms [ 200ms " EFCA-ECHO |
& t

'EFCA-CRL b=l | e L !

|

i

EFCA-TRWEI .
- 1

I
!
: WEI = Trip &
!

EFCA-ST3U0 i

99000056.vsd

Figure 79: Smplified 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 this time 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.

Design

The complete EFCA additional logic for the directional residual OC protection is con-
sigting 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.

Figure 80 presents asimplified logic diagram for the current reversal function. The re-
verse directed signal from the TEF directional residual OC function should be connect-
ed to the EFCA-IRV functional input, to start the operation of alogic. The EFCA-IRVL
signal will be activated, if the fault has been detected in reverse direction for more than
the tPickUp time set on the corresponding timers.

o e e e e e e e e e e e s s — s — e — 1

'EFCA-BLOCK !
! |
. 0-60 s 10 ms 0-60 s 0-60 s

LEFCA-IRV T " " n 1 & =l EFCA-IRVL
| (972 M [V Va i
;EFCA-IRVBLK tPickUp tPickUp ,_< tDelay

I

L . |
99000053.vsd

Figure 80: Smplified logic diagram, current reversal
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7.4.1

ThetDelay timer delaysthe 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 settings in 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 signd, 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 signal 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 settings are done from the local HM1 under the menu:

Settings
Functions
Groupn(n=1.4)
Earth Fault

ComlRevWe EF

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 aminimum to the sum of protection reset time and the communica
tion reset time. A minimum tDelay setting of 40 msis 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.
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The zero sequence voltage for afault at the remote line end and appropriate fault resis-
tanceis 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 false 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 atemperatureriseof 1.2 x 1.2
= 1.44 times rated value.

The temperaturerise asafunction of timefor afixed load isdetermined by the so called
thermal time constant T of the element.Moderate 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-sectional 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 radi-
ant power from the sun can also be appreciablein 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

thethree phase currents. The function hastwo settabl e operating levelsfor temperature,

one intended for alarm and one intended for tripping. For the tripping function a reset
hysteresis is included that can be set between 5 and 30°C while for the alarm function
it is fixed at 5°C hysteresis.

For the alarm there is an output denoted ALARM which is active as long as the temper-
ature is above alarm level. For the tripping there are two outputs, one denoted TRIP
which gives only a 50 ms pulse at operation and one denoted START which is active as
long as the temperature is above tripping level.
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The function also 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-
ue instead. This value will also be used if a fault is detected in the transducer circuits or
mA input module.

Calculations

The settings for the THOL function, with exception of the settings for the ambient tem-
perature compensation, can be made on the built-in HMI unit:

Settings
Functions
Group n (n=1...4)
ThermOverL oad

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 always used
(fixed configuration). Necessary settings for the MIM module are On/Off for activation,
time intervals for 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 via the SMS or PST setting tools.

To make the correct settings, the following data are required for the protected object:

« Final temperature rise after continous load with specified load current

* Max. permissible continuous temperature and thermal time consitite object
e Max. ambient temperature

» Max. temperature rise due to radiant power from the sun - if significant

The time constant can be found if a curve is available which shows the temperature rise
as a function of time for a given load current. At load current lload and final temperature
rise Tfin the following is valid:

Time: 1xt 2XT 3XT 4XT1 5xt

1

Temperature rise™: 63 86 95 98 99

1) in % of Tfin
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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:

ol #?_2
Opaeel P
t=rtln L
I [F _ Ttrig - Tamb
Ijbase Tbase
(Equation 138)
Where:
p is Ip/lpase
Ip is continuous load current before the current is icreased to | Tamb = ambiant tem-
perature. If temperature compensation is not used, Tamb = 20°C as fixed value,
Tamb is ambient temperature and
Tamb is 20° C as a fixed value if temperature compensation is not used.

For other parameters: see description in the setting table in the Technical Reference
Manual

Setting example
Assume the following data:

- 11b:5A

- Temperature increase of the conductor : 90°C at continuous load current 4.5 A.
- Max. permissible temperature of the conductor: 125°C

- Time constant = 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 I1b

Thase = 90°C,1 = 20 min
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The thermal function assumes 20°C ambient temperature as a fixed 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 calculated temperature increase. Hence, the function calculates con-
tinous conductor temperature 20 + 90 = 110°C at 4.5 A whereas the max. value is 30 +
90 +5 = 125°C. Hence the setting should be TTrip =125 - (125-110) = 110°C.

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 Ibasep.and 1 same as above

.MI11-I-Max= 20.00mA MI11-I-MaxValue = +100°C
CMI11-I-Min=4.00mA MI11-I-MinValue = -20°C
The influence of the ambient temperature is included in the calculated values. The 5°C

temperature increase due to the sun radiant power, however, is notincluded. Hence the
setting should begf, =125 - 5= 120°C.
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9.1

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. The start can be single-phase
or three-phase. 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.

Theuseof 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 rangeis 0-60 s.

By using separate timersfor each phase, correct operation at evolving faultsis ensured.

Thetimer 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 81: Smplified logic diagram - Start and trip functions
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 elements reset in 10 ms, allowing the use of short back-
up trip time
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Figure 82: Time sequence

Functionality

The breaker-failure protection starts on a single-phase or three-phase condition, either
from an external protection, or internally from a protection 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 a direct retrip
without any current check. Thedirect 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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Figure 83: Logic diagram of breaker-failure protection, phase L1

Input and output signals
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Figure 84: Input and output signals

The connectable 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
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Start functions

The breaker-failure protection can be started either internally or externally. The start
pulse is sealed-in as long 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 setto (0.05 - 2.0) - Irwhere Iris 1 or 5 A.

Measuring principles

The current is filtered 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 a decaying current due
to de-energizing of the secondary circuit. This is done to achieve a more correct rep-
resentation of the real current in the line.

» dc componentthatis a part of the fault current. This is done to achieve a correct base
for both ASD and RMS calculations.

The frequency limit of the filter 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 absolute filtering requirement, when dealing with extremely high fault
currents in combination with low preset values. This is obtained by creating a new sta-
bilizing signal to compare the current with.

The ASD works continuously, regardless of if the BFP was started. Its result is however
considered only when the BFP has started and the pre-set time has elapsed.

As the 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 elapsed.
Continuously and in parallel, the RMS value of the post-filtered signal is calculated and
compared with a preset current level. As the RMS value decreases below 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 a breaker failure situation, the post-filtered current exceeds the stabilizing signal, re-

sulting in a trip from the breaker-failure function within 10 ms after the trip timer t2 has
elapsed.
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The breaker-failure protection works with all three phases totally separated. But a pos-
sibility existsto start all three phases simultaneously. The back-up trip is always three-

phase.
[T
|
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i J_ ASD N Back-up tri
i RMS
—t

! start ; — & .4
I t1
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i
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Figure 85: Breaker-failure protection
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Figure 86: 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.
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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.
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Figure 87: Breaker-failure protection

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 single-phase or three-phase.

The operating values of the three current measuring elements are settable within awide

setting range. The measuring is stabilised against the dc-transient that can cause un-

wanted operation at saturated current transformers and correct breaker operation. Time
measurement isindividual for each phase. Two independent timersareavailable, T1 for
repeated tripping of “own” breaker and T2 which operates trip logic for adjacent break-
ers.

173



Breaker failure protection (BFP) Chapter 5
Current

9.4

9.4.1

174

Calculations

Setting

Human-machine interface (HMI)

The configuration of alternatives or settings to the functions is made on the built-in
HMI:

Settings
Functions
Groupn
Breaker Failure

The breaker-failure protection can be controlled from the human-machine interface
(HMI) 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 signals to the function is made on the built-in
HMI:

Configuration
Function Inputs
Breaker Failure

The inputs and the outputs to and from the breaker-failure protection are presented in
the signal list.

Fixed values

Trip pulse, tp 150 ms, fixed

The breaker failure protection shall be set by means of a current 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 a residual overcurrent protection.

If the retrip function is used a time delay before retrip has to be set. In most cases this
time delay can be set to zero.
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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
ty,- Circuit breaker opening time
BFR reset time

The back-up trip delay t2 shall be set:

t2 > t1 + t, + margin

(Equation 139)

Atthesametimeitisdesired that the back-up trip isdone so fast that remote protections
will not trip.
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Unbalance protection for capacitor banks (TOCC)

Application

Capacitor banksare made up of individual unitswhich are seriesand parallel connected.
Each unit contains a number of series and parallel connected elements. The individual
elementsin a capacitor can be separately fused.

If one element is damaged, it will be disconnected by its fuse and the rest of the ele-
ments can continue to operate. However, theload on the healthy elementswill increase.
When a certain number of elements are out of service, theload on the remaining ele-
ments becomes so high that the remaining elementswill quickly be destroyed.The pur-
pose of the unbalance protection is to detect the damage and disconnect the capacitor
bank from the network before the the healthy units are overloaded.

The protection is connected to a current transformer which measures the current flow-
ing between two normally balanced parts of the capacitor battery. Under normal condi-
tions, no fundamental frequency current flowsin theinterconnection. A low set current
stage gives aarm when elements are damaged and current flowsin the interconnection.
Thetrip stageis set to disconnect the battery before healthy elements become overload-
ed and quickly damaged.

Three-phase capacitor banks are often made up of two identical Y-connected groups.
The neutral points arethen interconnected viaa current transformer which feedsthe un-
bal ance protection.

Functionality

The current measuring element continuously measures the unbalance current (via ana-
log input 15) and compares it to the set operate value for the two current stages. A re-
cursive Fourier filter ensures immunity to disturbances and harmonic currents. When
applied between the neutral points of two identical Y -connected capacitor groups, no
false unbalance currents will flow, even for high contents of harmonics in the voltage.
Theoutput relay for thelow current (alarm) stage operatesif the current becomeshigher
than the set operate value ILow during atime exceeding the set time delay tLow. If the
current becomes higher than the set operate value IHigh during atime exceeding the set
delay tHigh, the output relay for the high current stage operates.

Theinput signal TOCC-BLOCK blocks both the low set and the high set function.The
stages may also be blocked individually by setting Operation Low = Off respectively
Operation High = Off. The setting BlockTOCC = Yeswill block the function, during
testing.
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Calculations
The settings for the TOCC function can be made on the built-in HMI unit:

Settings
Functions
Group n (n=1...4)
CapUnbalance

The settings can also be made by aids of the SMS or PST setting tools.

The current stage I>High is normally set to trip the capacitor battery before any unit
is subjected to avoltage increase of 10 % above rated value. The delay tHigh should be
set longer than the operate time of the ground fault protection if the primary operate
current of stage IHigh is low compared to the ground fault current in the system. The
current stage I>Low isnormally set to give alarm at 50 % of the set operate current of
stage I1>High.

The calculation of settings for the unbalance protection function must take into consid-

eration how the capacitor bank is built up and it is often made by aids of a computer
program.
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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 preventsthe 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.

Design

The voltage measuring elementswithin one of the built-in digital signal processors con-
tinuously measure the phase-to-neutral voltagesin all three phases. Recursive Fourier
filter filtersthe input voltage signals and a separate trip counter prevents high over-
reaching or underreaching of the measuring elements.

Calculations

The parameters for the undervoltage protection are set on the local HM I under the
menu:

Settings
Functions
Groupn(n=1..4)
TimeDelayUV

All the voltage 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 (3UQO) 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 88 shows asimplified logic diagram of the overvoltage protection function. The
time delayed residual overvoltage protection and the time delayed overvoltage protec-
tion 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 88: Time delayed overvoltage protection - simplified logic diagram
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Figure 89: Logic diagram, time delayed overvoltage protection, phase wise

The TOV--TRIP and TOV--TRPE output signals changes from logical Oto|

ogical 1if

at least one of thelogical signals TOV--STUL 1N, TOV--STUL2N, TOV--STUL3N re-
mains equal tological 1 for atimelonger than the set value on the corresponding timer.

Thesignal TOV--TRPE will be high, to indicate that the overvoltage protecti
thetrip

on caused

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 90: 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 parameters can be set on the local HM1 under
the menu:

Settings
Functions
Groupn(n=1.4)
TimeDelayOV

All the voltage conditions in the system where the overvoltage protection performs its
functions must be considered. The same also applies to the associated equipment, its
voltage-time characteristic.
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The overvoltage protection should be set higher than the expected maximum system op-
erate voltage that isin a particular part of a network. A safety margin of at least 10%
should also be considered due to the inaccuracies in the instrument transformers, calcu-
lation methods, and the inaccuracy of the measuring elementsin the terminal.

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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Intercircuit bridging protection (TOVI)

Application

If aconductor in the 50 Hz system comes into contact with the conductor of a16 2/3 Hz
system with higher nominal voltage, the 16 2/3 Hz voltage must quickly be disconnect-
ed to avoid damage on the power transformer and other components in the 50 Hz sys-
tem. The protection is connected to measure the phase-to-earth voltage of the 50 Hz
conductor. The operate voltage must, with margin, be set higher than the 16 2/3 Hz volt-
age injected in the conductor.

Functionality

The voltage measuring element continuously measures the 16 2/3 Hz voltage compo-
nent from U4 and compares it to the set operate value U>. A second order band-pass
filter (center frequency 16 2/3 Hz) ensuresimmunity to disturbances and harmonic volt-
ages and reduces the influence of the 50 Hz voltage component with a factor > 10.The
output trip relay operatesif the voltage becomes higher than the set operate value U>
under atime exceeding the set definite time delay t.

An extena signal connected to the input TOVI-BLOCK may block the function. Itis
also possible to block the function during testing, by setting Block TOVI = Yes.

Calculations
The settings for the TOVI function can be made on the built-in HMI unit:

Settings
Functions
Group n (n=1...4)
IntCircBridge

The settings can also be made by aids of the SMS or PST setting tools.

The operate voltage must be set higher than the highest 16 2/3 Hz voltage injected in
the conductor. A safety margin of at least 10 % in addition to the inaccuracies of the
voltage transformer and the measuring function is recommended.
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Chapter 7 Power system
supervision

About this chapter
This chapter describes the power system supervision functions.
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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-
ageinal 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 recursivefilter 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_qy voltage
* STUL2N for Y oy voltage
* STULS3N for Y g voltage

The 150 ms output trip pulse is issued if all 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 91.
The function is disabled (blocked) if:

e The terminal is in TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockLOV=Yes)

* The input signal LOV--BLOCK is high
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The LOV--BLOCK signal isagenera 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
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:

enables the function (signal latched enable in figure 91 is set to 1) when the line is
restored; i.e. at least one of the three voltages is high for more then 3 seconds (signal
set enable in figure 91).

disables the function (signal latched enable in figure is set to 0) if the signal reset
enable in figure 91 is set to 1 (reset of latced enable signal).

The latched enable signal is reset (i.e. the function is blocked) if:

the main circuit breaker is opened. This is achieved by connecting a N.C. contact of
the main circuit breaker to a terminal binary input connected to the function input
LOV--BC

the fuse failure supervision function has tripped. This is achieved by connecting the
output signal of the fuse failure supervision, FUSE-VTSU, 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 function is LOV--TRIP.
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Figure 91: Smplified logic diagram of loss of voltage check protection function

Calculations

Setting instructions

The setting parameters are accessible through the HMI. The parameters for the loss of
voltage function are found in the HMI-tree under:
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Settings
Functions
Group 1,2,3and 4
L ossOfVoltage

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 a primary set value Jg, the secondary setting valuedds is:

Usec
Ussec = g BUSprim
PRIM
(Equation 140)
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€ 7100
Ulb

(Equation 141)

and this is the value that has to be set in the terminal.
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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:

* Fuse failure supervision function (FUSE)
» Switch-onto-fault function (SOTF)

For this reason, always configure the DLD--START output signal to the corresponding
inputs of the above functions.

Design

Figure 92 presents a simplified logic diagram of the function. Phase L1, L2 and L3 cur-
rents and voltages are measured by one of the built-in digital signal processors. Logical
signals STMILn become logical one, if the measured currentin 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.
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Figure 92: 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 a DLD--STPH output signal.

A complete line is determined as a “dead-line”, when the voltages and the currents in

all three phases decrease under the set operate values. A DLD--START output informs
about this operating condition.
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Calculations

Setting instructions

The setting parameters are accessible through the HMI. The parametersfor thedead line
detection function are found in the HMI-tree under:

Settings
Functions
Group n (n=1-4)
DeadLineDet

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 signals DLD-STILn aregiven 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.
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1 Fuse failure supervision (FUSE)

1.1 Application

Different protection functions within the REx 5xx protection, control and monitoring
terminal s operate on the basi s of the measured voltagein therelay 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 breakersin 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.

The fuse-failure supervision function as built into the REx 5xx terminals 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 all voltage-dependent functions
while the second one does not affect the impedance measuring functions.

The negative sequence detection a gorithm, based on the negative-sequence measuring
quantities, a high value of voltage 3-Without the presence of the negative-sequence
current 3-}, is recommended for terminals used in isolated or high-impedance earthed
networks.

The zero sequence detection algorithm, based on the zero sequence measuring quanti-
ties, a high value of voltage 3;Without the presence of the residual currery, &l
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.

1.2 Functionality

Negative sequence

The current and voltage measuring elements within one of the built-in digital signal pro-
cessors continuously measure the currents and voltages in all three phases and calcu-
late:
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» The negative-sequence current 312
» The negative-sequence voltage 3U2

comparing them with their respective set values 312< and 3U2> .

Fourier’s recursive filter filters the current and voltage signals, and a separate trip
counter prevents high overreaching of the measuring elements. The signal STNEG is
set to 1, if the negative sequence measured voltage exceeds its set value 3U2> and if the
negative sequence measured current does not exceed its pre-set value 3I2<.
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Figure 93: Smplified logic diagram for the fuse failure supervision function, negative
sequence based.
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Zero seqguence

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 zero-sequence current 3:10
» The zero-sequence voltage 3-U0

comparing them with their respective set values 310< and 3U0>.

Fourier’s recursive 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 exceeds its set value 3U0> and if the zer
sequence measured current does not exceed its pre-set value 3I0<.
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Figure 94: Smplified logic diagram for fuse failure supervisione function, zero se-
guence 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 curredl/At
» The change of voltagBU/At

comparing them with their respective set vallesandAU>.

The delta current and delta voltage algorithm, detects a fuse failure if a sufficient neg-
ative change in voltage amplitude without a sufficient change in current amplitude is
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.

The signal STDUDI is set 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
voltage is low in any phase (STULL1N, STUL2N or STUL3N=1), the STDUDI signal

is sealed in.
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Figure 95: Smplified logic diagram for fuse failure supervision function, du/dt based.
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Logic

Signals STUL 1IN, STUL2N and STUL3N are related to phase to earth voltages and be-
come 1 when the respective phase voltageislower than the set value. The set value (U<)

ischosen in the dead line detection function, that isalways present in the terminal when

the fuse failure supervision is present.

The fuse failure supervision function is disabled (blocked) if:

e The terminal is in TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockFUSE=Yes)

* The input signal FUSE-BLOCK is high

The FUSE-BLOCK signal is a general 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 a block 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 is to be connected via a terminal binary input to the
N.C. auxiliary contact of the miniature circuit breaker protecting the VT secondary cir-
cuit.

Function input signal FUSE-DISC is to be connected via a terminal 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 sets the 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 the main
contacts of the miniature circuit breaker.

The FUSE-DISC signal sets the output signal FUSE-VTSU in order to block the voltage
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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Thefunction input 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 theimpedance protection by afuse
failure detection during dead line condition (that occurs aso 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 conditionisdetected, thesignal FUSE-VTSU isturned high, and if 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 are low (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) valueinits non vol-
atile memory and establishes the corresponding starting conditions.

Calculations

The operating value for the voltage check function (signals STUL1IN, STUL2N,
STUL3N) is the same as the operating value of the dead line detection function. The
setting of the voltage minimum operating val ue U< occurs under the submenu:
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Settings
Functions
Groupn
DeadL ineDet

Negative sequence function

The negative sequence voltages and currents always exist due to different non-symme-
triesin the primary system and differences in the current and voltage instrument trans-
formers. The minimum value for the operation of the current and voltage measuring
elements must always be set with a safety margin of 10 to 15%, depending on the sys-
tem 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.

Setting of negative sequence voltage 3U2>

Thereay setting value 3U2> isgiven in percentage of the secondary base voltage value,
U, associated to the voltage transformer input U1. If Usgec is the secondary setting
value of the relay, then the value for 3U2> is given from equation 142.

us
3U2> = —SE€ 100
Uip

(Equation 142)

Set this value under the setting menu:

Settings
Functions
Groupn
FuseFailure

on the value 3U2>.

Setting of negative sequence current 3I2<

Therelay setting value 312< isgiven in percentage of the secondary base current value,
|11, @ssociated to the current transformer input 11. If Isge¢ isthe secondary setting value
of the relay, then the value for 312< is given from equation 143.



Fuse failure supervision (FUSE) Chapter 8
Secondary system supervision

IS
312< = —3EC 00
1b

(Equation 143)

Set this value under the setting menu:

Settings
Functions
Group n
FuseFailure

on the value 312<.

Zero sequence function

The zero sequence voltages and currents always exist due to different non-symmetries
in the primary system and differencesin 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
isused on longer untransposed lines, on multi circuit lines and so on.

Setting of zero sequence voltage 3U0>

Therelay setting value 3UO> isgiven in percentage of the secondary basevoltage val ue,
U1b, associated to the voltage transformer input U1. If Usgec is the secondary setting
value of the relay, then the value for 3UO> is given from equation 144,

USsec

8U0> = —7p

[1oo

(Equation 144)

Set this value under the setting menu:
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Settings
Functions
Groupn
FuseFailure

on the value 3U0>.

Setting of zero sequence current 310<

Therelay setting value 310< isgiven in percentage of the secondary base current value,
| 1b, associated to the current transformer input 11. If 1sgec iSthe secondary setting val-
ue of the relay, then the value for 310< is given from equation 145.

Is
SEC
< =
310 b moo

(Equation 145)

Set this value under the setting menu:

Settings
Functions
Groupn
FuseFailure

on the value 310<.

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 the relay, the value for DU> is given from equation 146.

us
SEC
S =

(Equation 146)

Set this value under the setting menu:
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Settings
Functions
Groupn
FuseFailure

on the value DU>.

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 Isgec isthe secondary setting val-
ue of therelay, the value for DI< is given from equation 147.

IS
DI< = %‘2 100

(Equation 147)

Set this value under the setting menu:

Settings
Functions
Groupn
FuseFailure

on the value DI<.
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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 occurs as a

“false” residual voltage on the capacitive voltage transformer terminals. If the capacitor
element is interrupted the corresponding phase voltage will be undefined, and if the ca-
pacitor element is short circuited the corresponding phase voltage is increased. 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 the residual voltage exceeds the set value. This signal can be
used as an alarm to the operator that the capacitive voltage transformer is not in a good
condition and/or as a blocking signal for certain relays that rely on any phase voltage or
the residual voltage.

To ensure that the function is not activated while the protected object is out of operation,
it is required that at least one of the phase to phase voltages exceeds 80% of nominal
voltage.

Fuse failure supervision is a related function, but is activated only when a secondary
voltage totally disappears, i.e. goes to approximately zero. The TCT function can act on
smaller residual voltages.

Functionality

Abbreviations and definitions

Table 9: 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 passes the set value of nominal phase-to-phase voltage. See figure 96.

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 residua voltage.

[ TCT ULl

i ; UPP STUPP1 |
[ TcTue I - .

. = Fourier

filter

Hysteresis1

UR STUR -
TCT_UR =z U] H |

Fourier

en01000002.vsd

Figure 96: Phase-to-phase voltage and residual voltage measurement

Logic
Following modules for the TCT are described:

» Start logic
» 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 97: TCT logic

Start logic
The START signal shall be issued when al the conditions below are fulfilled:
» Residual voltage 3U0 passing the set value for residual voltage limit UN>. At least

one of the phase-to-phase voltage is higher than 80% of the rated voltage phase-to-
phase, see figure 97.

« Time delay tDelay has elapsed.

The START signal shall be reset when at least one of the conditions below is fulfilled:

» Residual voltage is lower 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.
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Calculations

There are only two parametersto set for the TCT function: theresidual overvoltage lim-
it, and the time delay.

The capacitive voltage transformer is schematically shown in figure 98, the voltage in-
crease in a phase voltage, after the insulation break-down in one capacitor element, is
shown i figure 99 and can be calculated as:

VI 1 1 1

AVa =V a (n—1)+1VA_n+1VA:n(n+1)VA:ﬁVa

a a

(Equation 148)

en01000030.vsd

Figure 98: Capacitive voltage transformer
The corresponding vector diagramisshown infigure 99, wherea so theresidual voltage

is shown. The residual voltage will be equal to the voltage increase in the phase with
the broken capacitor element.
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Vl
\

residual

A %

B

Figure 99: Theresidual voltage will be equal to the voltage increase in the phase with
the broken capacitor el ement.

With a security margin of about 15% the suitable setting for the residual overvoltage
[imit should be:

UN> = 0.85 /n

(Equation 149)

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
theresidual 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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About this chapter
This chapter describes the control functions.
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1 Synchrocheck (SYN)

1.1 Application

Synchrocheck, general

The synchrocheck function is 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 a parallel circuit established, the
frequency isnormally the same at the two sides of the open breaker. At power swings,
e.g. after aline fault, an oscillating difference can appear. Across the open breaker,
there can be aphase angle and avoltage amplitude difference dueto voltage drop across
the parallel 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:

* The voltages U-line and U-bus are higher than the set value for UHigh of the base
voltage Ulb.

» The differences in the voltage and phase angles are smaller than the set values of
UDiff and PhaseDiff.

« The difference in frequency is less than the set value of FreqDiff. The bus frequency
must also be within a range of +/-5 Hz from the rated frequency.

Note!

a Phase-phase volage (100 V or 220 V) can not be connected directly to anindividual in-
put voltage transformer. Theindividual transformer is designed for phase-neutral volt-
age (U, =635Vor 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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UHigh>70-100% Ur
UDiff<5-60% Ur
PhaseDiff<5-75° Line

FreqgDiff<50-300mHz ¢ U-Line @ b reference

- Fuse fail V0|tage

Fuse fail

A A

99000069.vsd

Figure 100: 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,
L 3 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 101 shows the
voltage connection.

In terminals intended for several 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 FregDiff, PhaseDiff, and
UDiff are fulfilled with the UHigh condition.
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Figure 101: 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 102. The check can also be set to allow energiza-
tion of the busbar or in both directions.

0—1\

T~

O-®1

S

U-Bus

Fi [0

U-Line

UHigh>70-100%Ur
ULow<10-80%Ur

99000071.vsd

Figure 102: Principle for energizing check.

The voltage level considered to be a non-energized bus or line is set on the HMI. An
energizing can occur — depending on:
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» the set direction of the energizing function
» the set limit for energized (live - UHigh) condition
» the set 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-energized if it is below the set value, ULow (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 a line running 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 line live bus (DLLB)
* Dead bus live line (DBLL)

The voltage check can also be set Off. A closing impulse is issued to the circuit breaker
if one of the U-line or U-bus voltages is High and the other is Low, that is, when only
one side is energized. The user can set AutoEnerg and ManEnerg to enable different
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
are dead. This is 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 a double 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.
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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.

Voltage connection for a single bus and single bay

Bus 1 Bay 1
SYNCH.CHECK |VOLT SELECTION 7O BI
SYNL 1
|
U-Bus - U5 |
|
|
U-Line —— ULx
0l
0l
SYN1-UBIOK/FF |« FUSEUBL 1 (| 1 'E_Llj_ggltif_l_J | i)
SYN1-VTSU |« FYSEF1 l____|FUSEFL __ | I

en01000106.vsd
Figure 103: Voltage connection in a single busbar arrangement.

Single bus is selected on the HMI. Figure 103 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 analogue 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 external fuse-failure signals or signals from a tripped 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.
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The SYN1-UB1OK and SYN1-UB1FF inputs arerelated to the bushar 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.

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 ——— U5
[ B

U-Line b—————— ULx
SYN1-CB1OPEN/CLD |«—CEL B ___ ]
SYN1-CB20PEN/CLD l«—~CE2 .
SYNL1-UBIOK/FF |« FUSEUBL | |0 _(1c82 .1 L4 1
SYN1-UB20K/FF [«USEUB2 Lo
SYN1-VTSU |«FUSEFL | _ __|FUSEUB1 _ | !
FUSEUB2
et |- — — — | T2 Pe
I R FUSEF1_ _ _ _

U-Line 1

en01000105.vsd

Figure 104: Voltage selection in a double bus arrangement.

Select DbleBus on the HMI. Figure 104 shows the principle for the connection arrange-
ment. One terminal is used for one bay. For the synchrocheck (SYN1) and energizing
check function, the voltages on the two busbars are selected by the voltage selection in
theterminal unit. The busvoltagefrom Bus 1isfed to the U5 analog single-phaseinput,
and the busvoltage from Bus 2 isfed to the U4 anal og single-phase input. Thelinevolt-
age transformers are connected as a three-phase voltage UL 1, UL2, 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 sec-
tion 1 closed) and SYN1-CB20OPEN (Disconnector section 2 open), SYN1-CB2CLD
(Disconnector section 2 closed).
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Fuse failure and Voltage OK signals, double bus and single bay

The external fuse-failure signals or signals from a tripped 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-
age circuit isfaulty.

The SYN1-UB1(2)OK and SY N1-UB1(2)FF inputs are related to each busbar voltage.
The SYN1-VTSU input is related to the line voltage. Configure them to the binary in-
putsthat indicate the status of the external fusefailure of the bushar respectively theline
voltage. Only the fuse failure of a selected voltage causes a blocking of the relevant en-
ergizing check unit.

The user can use the FUSE-VTSU signal from the built-in optional selectable fuse-fail-
ure function as an aternative to the external fuse-failure signals.

In case of afusefailure, the energizing check (dead line-check) isblocked viathe inputs
(SYN1-UB1OK/FF, SYN1-UB20OK/FF or SYN1-VTSU).
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Voltage selection for a single bus and several bays

Bus 1 Bay 1

SYNCH.CHECK | VOLT SELECTION /0 BI
SYNL
U-Bus U5 1
U-Line - wu U-Line 1 @
I
I
SYNL-UBIOK/FF |« FPUSEUBL } [ | 1 E_S_:Eg_f’_l_ sl
SYNL-VTSU |« FYSEFL < __|FUSEFL ___ !
7 7 7 7 77 7
SYN2
U-Bus —«+«——— U5
U-Line - U2 U2 U-Line 2
SYN2-UBLOK/FE | FUSEUBL1 From Bay 2
SYN2.VTSU  |eFYUSEF2 « | __ _ | FUSEF2 _
SYN3
U-Bus —— U5
U-Line L U3 U3 U-Line 3
SYN3-UBLOK/FF |« FUSEUBL From Bay 3
SYN3-VTSU | FYSEFS | —_ _ | FUSEF3 _

99000072.vsd

Figure 105: Voltage connection in a single busbar arrangement for up to three baysin
oneterminal.

Single busiis selected on the HMI. Figure 105 shows the principle for the connection
arrangement. One terminal is used for up to three bays. For the synchrocheck (SY Nx)
and energizing check function, there is one voltage transformer at each side of the cir-
cuit breaker. The voltage transformer circuit connections are straight forward, no spe-
cia 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 analog input (U5) on the terminal unit.
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For terminals intended for three bays, the line voltages are connected as three single-
phase inputs, UL 1 for Bay 1, UL2 for Bay 2, and UL3 for Bay 3.

Fuse failure and Voltage OK signals, single bus and several bays

The externa fuse-failure signals or signals from a tripped fuse switch/MCB are con-
nected to binary inputs configured to inputs of the synchrocheck functionsin the termi-
nal. 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-
age circuit isfaulty.

The SYNx-UB1OK and SY Nx-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 SYNx-VTSU input is related to the line voltage from each line.

In case of afusefailure, the energizing check (dead line-check) is blocked viatheinputs
(SYNx-UB1OK/FF or SYNx-VTSU).
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Voltage selection for a double bus and several bays
Bay 1

SYNCH.CHECK |VOLT SELECTION | 1/0 BI Al
SYNL VOLT. SELL |
U-Bus — U5 |
t/— ua |
U-Line Ul | :
SYN1-CBLOPEN/CLD |«—CBL S _1_5_31_____:___:_ 1
SYN1-CB20PEN/CLD [«—CB2 L
SYN1-UBLOKIFF [« USEUBL | i ) j1CB2 1 1 1 |
SYN1-UB20K/FF |« "USEUB2 L
SYN1-VTSU [« PUSEFL FUSEUBL_ 1|
7 7 7
SYN2 VOLT. SEL2
U-Bus —E/— U5
v U-Line 2
U-Line u2 u2 -Line
SYN2-CB1OPEN/CLD |«2CBL «l____|2cB1 ____
SYN2-CB20PEN/CLD |«-25B2 From Bay 2
SYN2-UBLOK/FF |« FUSEUBL | | | ___12CB2 ___
SYN2-UB20K/FF |« FYUSEUB2
SYN2-VTSU |aYSEF2 | ___ _|FUSEF2___
SYN3 VOLT. SEL3
U-Bus —E/— us
v U-Line 3
U-Line U3 us -Line
SYN3-CBLOPEN/CLD |«3CBL «l____|3CB1L____
SYN3-CB20PEN/CLD |«—2CB2 From Bay 3
SYN3-UB1OK/FF |« EB?EBE; l____[3CB2 ____
SYN3-UB2OKIFF <= 2= —
SYN3-VTSU |« o) ___ _|FUSEF3___
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Figure 106: Voltage selection in a double bus arrangement for up to three baysin one
terminal.
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Select DbleBus on the HMI.Figure 106 shows the principle for the connection arrange-
ment. One terminal unit isused for up to three bays. For the synchrocheck (SY Nx) and
energizing check function, the voltages on the two busbars are selected by the voltage
selectionintheterminal unit. The busvoltage from Bus 1 isfed to the U5 analog single-
phase input, and the bus voltage from Bus 2 isfed to the U4 analog single-phase input.
For terminals intended for three bays, the line voltages are connected as three, single-
phase inputs, U1 for Bayl, U2 for Bay2 and U3 for Bay3.

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,
SYNx-CB1OPEN (Disconnector section 1 open), SY Nx-CB1CLD (Disconnector sec-
tion 1 closed) and SY Nx-CB20OPEN (Disconnector section 2 open), SY Nx-CB2CLD
(Disconnector section 2 closed).

Fuse failure and Voltage OK signals, double bus and several bays

The externa fuse-failure signals or signals from a tripped 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-
age circuit isfaulty.

The SYNx-UB1(2)OK and SY Nx-UB1(2)FF inputs are related to each busbar voltage.
The SYNx-VTSU input is related to each line voltage. Configure them to the binary in-
putsthat indicate the status of the external fusefailure of the bushar respectively theline
voltage. Only the fuse failure of a selected voltage causes a blocking of the relevant en-
ergizing check unit.

In case of afusefailure, the energizing check (dead line-check) isblocked viathe inputs
(SYNx-UB1OK/FF, SYNx-UB20OK/FF or SYNx-VTSU).

Synchrocheck, double circuit breaker

Thevoltage circuits are arranged differently depending on the number of synchrocheck
functions that are included in the terminal.

In terminal s 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-L1. The U-bus voltage must then be connected to
the same phase or phases as are chosen on the HMI. Figure 107 shows the voltage con-
nection.
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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 107: Connection of the synchrocheck function for one bay.
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Voltage connection, double circuitbreaker and single bay
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Figure 108: Voltage connection in a double breaker arrangement.

The principle for the connection arrangement is shown in figure 108. 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 analogue in-
puts UL1, UL2, UL3 (ULX).

The synchronism condition is set on the HMI of the terminal, and the voltage is taken
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.
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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-
age circuit 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 theline voltage from each
line.

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(2)-UB1OK/FF or SYN1(2)-VTSU).
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Voltage connection, double circuit breaker and two bays

Bus 1
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Figure 109: Voltage connection in a double breaker arrangement for up to two baysin
oneterminal.

The principle for the connection arrangement is shown in figure 109. One terminal is
used for the two circuit breakers in each of up to two bays. Thereis one voltage trans-
former at each side of the circuit breaker, and the voltage transformer circuit connec-

tions are straightforward, 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 terminal and the voltage from Bus
2 (U-bus 2) is connected to the single-phase analog input (U4).
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For the terminals intended for two bays the line voltages are connected as two single
phase inputs, U1 for Bay 1 and U2 for Bay 2.

The synchronism condition is set on the HMI of the terminal, and the voltage is taken
from Bus 1 and the Line or from Bus 2 and the Line (U-line 1(2)). This means that the
two synchrocheck unitsin each bay are operating without any special voltage selection,
but with the same line (U-line 1(2)) 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.

Fuse failure and Voltage OK signals, double circuit breaker and two bays

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-
age circuit isfaulty.

The SYNx-UB1OK and SY Nx-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 SYNx-VTSU input is related to the line voltage from each line.

In case of afusefailure, the energizing check (dead line check) isblocked viatheinputs
(SYNx-UB1OK/FF or SYNx-VTSU).

Phasing, general

The phasing function isused to close acircuit breaker when two asynchronous systems
are going to be connected. The breaker close command isissued 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 asynchronouswhen the frequency difference between bus
and lineislarger than an adjustable parameter. If the frequency differenceislessthan
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 aclosing command to the circuit breaker when the cal culated closing
angleis equal to the measured phase angle and the following conditions are simulta-
neously fulfilled:
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« The voltages U-line and U-bus are higher than the set value for UHigh of the base
voltage U1lb.

« The difference in the voltage is smaller than the set value of UDiff.

» The difference in frequency is less than the set value of FreqDiffSynch and larger
than the set value of FreqgDiff. If the frequency is less than FreqDiff the synchro-
check is used. The bus and line frequencies must also be within a range of +/-5 Hz
from the rated frequency.

* The frequency rate of change is less than 0.21 Hz/s for both U-bus and U-line.
» The closing angle is less 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 150)

Closing angle is the change in angle during breaker closing operate time.
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Figure 110: Phasing.

Phasing, single 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 111 shows the voltage connection.
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Figure 111: 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 adouble 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
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Figure 112: Voltage connection in a single bushbar arrangement.

Single bus is selected on the HMI. Figure 112 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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Bus 2
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Figure 113: Voltage selection in a double bus arrangement.

Select DbleBus on the HMI. Figure 113 shows the principlefor the connection arrange-
ment. For the phasing and synchrocheck (SY N1) 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 anal og 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, 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
section 1 closed) and SYN1-CB20OPEN (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-
age circuit 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) is blocked 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 114 shows the voltage connection.
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Figure 114: Connection of the phasing and synchrocheck function for one bay.
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Voltage connection, double circuit breaker and single bay
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Figure 115: Voltage connection in a double breaker arrangement.

The principle for the connection arrangement is shown in figure 115. Oneterminal unit
isused for thetwo circuit breakersin one bay. There isone 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 the terminal unit, and the voltage is tak-
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 specia 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 external fuse-failure signals or signals from a tripped 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-
age circuit isfaulty.

The SYN1(2)-UB1OK and SYN21(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).

Synchrocheck, 1 1/2 circuit breaker

Thevoltage circuits are arranged differently depending on the number of synchrocheck
functions that are included in the terminal.

In terminal s 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-L 2, L2-L 3, L3-L 1. The U-bus voltage must then be connected to
the same phase or phases as chosen on the HMI. Figure 116 shows the voltage connec-
tion.

Interminalsintended for several baysor al and 1/2 circuit breaker diameter, al 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 FreqDiff, PhaseDiff, and
UDiff are fulfilled with the UHigh condition.
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Figure 116: Connection of the synchrocheck function for one bay.
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Voltage selection, 1 1/2 circuit breaker with one terminal per breaker
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Figure 117: Connectionsin 1 1/2 circuit breaker arrangement with one terminal per
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The principle for the connection arrangement is shown in Figure 117. Oneterminal is
used for the two circuit breakersin one or two bays dependent of selected option. There
isonevoltage transformer at each side of the circuit breaker, and the voltage transform-
er circuit connections are straight forward, without any special voltage selection.

For the synchrocheck and energizing check, thevoltagefrom Bus 1 (SYN1(T1) - U-bus
1) isconnected to the single-phase anal og input (U5) on terminal 1 and the voltagefrom
Bus 2 (SYN1(T3) - U-bus 2) is connected to the single-phase analog input (U4) on ter-
minal 1.

Viceverse, the voltage from Bus 1 (SYNL(T1) - U-bus 1) is connected to the single-
phase ana og input (U4) on terminal 3 and the voltage from Bus 2 (SYN1(T3) - U-bus
2) is connected to the single-phase analog input (U5) on terminal 3.

For aterminal intended for one bay the line voltage transformers are connected as a
three-phase voltage to the analog inputs UL 1, UL2, UL3 (ULX) (SYNL(T2) - U-Line)
voltage. For the version intended for two bays the line voltages are connected as two
single-phase inputs, UL1 for Bay 1 and UL2 for Bay 2.

The synchronism condition is set on the local HMI of the terminal, and the voltageis
taken from Bus 1 and the Line or from Bus 2 and the Line (U-line). This meansthat the
two synchro-check units are operating without any special voltage selection, but with
the same line (U-line) 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 terminals.

Fuse failure and Voltage OK signals, 1 1/2 circuit breaker with one terminal per
breaker

The external fuse-failure signals or signals from atripped fuse switch/MCBs 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-
age circuit isfaulty.

The SYN1-UB1OK and SY N1-UB1FF inputs arerelated 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 from each line.

The FUSE-VTSU signa, from the built-in optional selectable fuse-failurefunction, can
be used as an alternative to the external fuse-failure signals.
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In case of afuse failure, the energizing check (dead line - check) is blocked viathe in-
puts (SYN1-UB1OK/FF or SYN1-VTSU).

Synchrocheck, 1 1/2 circuit breaker diameter

All voltage inputs are single phase circuits. The voltage can be selected for phase-neu-

tral or phase-phase measurement on the HMI. If all voltage inputs aren’t connected to
to the same phase or phases they can be corrected with the settings URatio and Phase-
Shift.

The circuit breaker can be closed when the conditions for FreqDiff, PhaseDiff and
UDiff are fulfilled, together with the UHigh condition.

Voltage selection, 1 1/2 circuit breaker diameter

The principle for the connection arrangement is shown in figure 118. One control ter-
minal is used for one diameter of 1 1/2 circuit breaker arrangement. This will utilize for
sequential autoreclosing and synchronism with voltage selection for each circuit break-
er. For the synchronism (SYN) and energizing check, the voltage on the two sides of
the breaker which should be closed, is used. When the line voltage transformers (VTs)
are on the line side of the line disconnectors, and not at the “Tee point”, a voltage se-
lection is necessary.

All voltage inputs are single phase circuits and must be connected to the same phase or
phases. For the circuit breaker CB1 the bus voltage is connected to input U5. The inputs
ULland UL2 is used for the voltage from Line 1respectively Line 2. For the circuit
breaker CB3 the bus voltage is connected to input U4. The voltage inputs can be select-
ed for single phase or phase to phase measurement

For the breaker connected to the busbar 1, e.g. CB1 in figure 118, (the same principle
also applies to CB 3) the voltage at the “Tee point” can be connected to and energized
from the line F1 or from the other side of the central breaker section, e.g. line F2 or bus-
bar 2 (depending on the position of the line disconnector on F2). It may also be isolated
both from line F1 and from the central circuit breaker.

When we consider the central circuit breaker, the upper “Tee point” can be energized
from line F1 or busbar 1, or be isolated. The lower “Tee point” can be energized from
line F2 or busbar 2, or be isolated. The control terminal is equipped with modules for
analog input circuits including VT circuits (Al), and binary inputs. (/O BI). Positions

of the line disconnector and the breaker section (the breaker and the two disconnectors
near it) are used to control the logic and thus the voltage selection. This information is
connected to the binary input modules and configured to the relevant inputs of the volt-
age selection logic.
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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 control terminal.

Bus 1
SYNCH- Al
CHECK VOLT SELECTION 110 BI/ Fuse ,‘:‘1
SYN1 | VOLT.SEL.1
us | U-Bus 1 UB1
U-Bus - —+—— U5
U-Line { /o— ULl ) I_ e
uL?2 uLl LU-Line 1 I | @__‘
ua FUSEUFL |  XcBI
FD1 (| __|__ Fuseus1 |
SYN1_FD1OPEN /CLD CB2 FUSEUFT |
SYN1_CB20PEN/CLD =) ~-—1-——%Bi — |
SYN1_FD20PEN/CLD ~—C83 e —— B e
SYN1_CB3OPEN/CLD
SYN1_UF1OK/FF GEUSEURL | 1 | __FDp1r | ____ 1
SYN1_UF20K/FF FUSEUF2
SYN1_UBI1OK/FF FUSEUBL
~ FUSEUB2
SYN1_UB20K/FF -

SYN2 VOLT.SEL.2

U-Bus —E us
ULl
U-Line _E uL2!
U4 -

FD1 CB2
SYN2_FDIOPEN /CLD [*—EgT “---r-——————- —+ XcB2
SYN2_CB1OPEN/CLD D2 Ll
SYN2_FD20PEN/CLD CB3
SYN2_CB30OPEN/CLD
SYN2_UF10K/FF <EUSEURL
SYN2_UF20K/FF FUSEUF2
SYN2 UBLOK/FE _FUSEUB1 FUSEUB2
- FUSEUBZ | |1~~~ ~ FUSEUR2
SYN2_UB20K/FF -t — — | — — FUSEUFZ
SYN3 | VOLT.SEL.3 A ED2
FD2
SYN3_FD20PEN /CLD CB2 cB3
SYN3_CB20PEN/CLD D1 S B B -+——
SYN3_FDIOPEN/CLD [*—&gT |
SYN3_CB1OPEN/CLD |
SYN3_UF10K/FF ES?ESE; UdLine 2 | XcB3
SYN3_UF20K/FF uL2 | =Lne | I
SYN3_UB1OK/FF FUSEUBL : |
o FUSEUB2 FUSEUF2 1 __|
SYN3_UB20K/FF
- usa | U-Bus1
U-Line o—— U5 Fuse
E -_e—— uul uB2
- _o—— uL2
UBus t o——— w4 L/
F2
Bus 2 —
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Figure 118: Voltage selection and configuration of binary inputs for a 1 1/2 circuit
breaker diameter
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Abbreviations:
SYN1 (2, 3)
VOLT-SEL1(2, 3)
I/0O BI

Al

UL1 (2)

U5

U4

F1(2)

CB1 (2, 3)
FD1(2)OPEN
FD1(2)CLD
CB1(2, 3)OPEN
CB1(2, 3)CLD
UF1(2)0K
UF1(2)FF
UB1(2)OK
UB1(2)FF

Synchro check for CB1 (2, 3)

Voltage selection logic for CB 1 (2, 3)

Binary inputs

Analoge inputs

Reference voltage from Line 1 (2)

Reference voltage from busbar 1

Reference voltage from busbar 2

Line 1 (2)

Circuit breaker 1(2, 3)

Line 1(2) disconnector open (FD1,2)

Line 1(2) disconnector closed (FD1,2)

Breaker section 1 (2, 3) open (breakers and disconnectors)
Breaker section 1 (2, 3) closed (breakers and disconnectors)
Line 1(2) Healthy voltage circuit

Line 1(2) Faulty voltage circuit

Busbar 1(2) Healthy voltage circuit

Busbar 1(2) Faulty voltage circuit

Voltage selection for synchro-check at CB1, 1 1/2 circuit breaker diameter

The busbar voltage U-bus 1 is fed to the analogue single-phase voltage input U5 (Ref-
erence voltage from busbar 1).

In the control terminal thereis an internal selection (VOLT-SEL1) of the line voltage
(U-Line) or the voltage on the other side of the central circuit breaker, UL 1, to the syn-
chronism function. If the line disconnector (FD1) is closed, the line voltage U-Lineis
used as reference. If the line disconnector (FD1) is open the voltage must be selected
from the other side of the central circuit breaker, e.g. from theline (FD2) or from busbar

2 (Bus2).
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The position of the line disconnector is taken from auxiliary contacts viathe binary in-
puts connected to FD1(2) CLD (Linedisconnector closed) and FD1(2) OPEN (Linedis-
connector open). The position of each breaker section (the breaker and the two
disconnectors near it) is checked viathe binary inputs connected to CB2(3)OPEN
(Breaker section 2 or 3 open) and CB2(3)CLD (Breaker section 2 or 3 closed).

Voltage selection for synchro-check at CB2, 1 1/2 circuit breaker diameter

From each side of the section (Bus 1 and Bus 2), avoltage is received via the voltage
selection logic (VOLT-SEL 2) in the control terminal. The second synchro-check mod-
ule (SYN2) is dedicated to the central circuit breaker. The U-Bus voltage has been se-
lected from the upper section, either from U-Busl (U5) or U-Line1 (UL1). TheU-Line
voltage has been selected from the lower section, either from U-Bus 2 (U4) or U-Line
2 (UL2).

If the line disconnector (FD1) is closed, the line voltage is used and connected to the
input U-Bus. If the line disconnector (FD1) is open and breaker section CB1 is closed
the voltage is selected from busbar 1.

If the Line 1 disconnector (FD2) is closed, theline voltageis used and connected to the
input U-Line. If theline 2 disconnector (FD2) is open and breaker section CB3 isclosed
the voltage is selected from busbar 2

The position of the line disconnector is taken from auxiliary contacts viathe binary in-
put FD1(2) CLD (Line disconnector closed) and FD1(2) OPEN (Line disconnector
open). The position of each breaker section (the breaker and the two disconnectors near
it) is checked viathe binary inputs connected to CB1(3)OPEN (Breaker section 1 or 3
open) and CB1(3)CLD (Breaker section 2 or 3 closed).

Voltage selection for synchro-check at CB3, 1 1/2 circuit breaker diameter

The voltage selection principle of the synchro-check (SY N3) belonging to the lower
circuit breaker isthe same as described under upper circuit breaker CB1 above, with the
difference that the selection of voltageis made either from busbar 2 or from line 2 (F2).

Fuse failure and Voltage OK signals, 1 1/2 circuit breaker diameter

The external fusefailure signalsor signalsfrom atripped fuse switch/M CB are connect-
ed to binary inputs configured to inputs of the voltage selection logic in the control ter-
minal. There aretwo alternatives of connection possibilities. Inputs named OK shall be
supplied from a contact indicating a healthy voltage circuit or alternatively inputs
named FF shall be supplied if the contact indicates a faulty voltage circuit.
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TheinputsUB1(2)OK and UB1(2)FF arerelated to respectively bushar voltage. Thein-
put UF1(2)OK and UF1(2)FF arerelated to respectively line voltage. Theinputsarein-
corporated in the voltage selection logic and only the fuse failure of a selected voltage
causes a blocking of the relevant energizing check unit by resetting the release signal

UENERG1(2 or 3)OK.

Functionality

Single circuit breaker

Connectable inputs
SYNXx x=1,2o0r3

General Block — SYNx-BLOCK

From fuse failure
detection, line sidle ——————m SYNx-VTSU
(external or internal)

) {—> SYNx-UB1/2FF
From fuse failure

detection bus side
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 119: 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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SYNCHROCHECK
i SYN1 K
| OPERATION ‘
i OFF ‘
| RELEASE ‘
| ON i
! I
I [syN1-BLOCK i
? i
| = 50 ms |
| H | . |
| | AR |
- I
| i 1 | EYNL-MANGK]
| (5} *
| AUTOENERG1 ( i
w i
i MANENERG1 |
i UDIFF__ |,
‘ !
i FRDIFF__|.
‘ !
i PHDIFF :
U D RSO U
ENERGIZING CHECK
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘
{ AutoEnerg. |
[ !
[ !
i !
! 0-00-60.05 AUTOENERG1 !
| T
I [UL Aigh !
I [OL Low — !
I [UB High :
' [UBLow |
|
i I
l UENERG10K ‘
|
{ ManEnerg. i
i |
i |
i |
i I
i 0.00-60.0s MANENERG1 |
i
i
i
i
i
|
|
i
i
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Figure 120: Smplified logic diagram - Synchrocheck and energizing check. The inter-
nal signal UENERG1OK refersto the voltage selection logic.
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Voltage selection

FEE !
[ - I
| [SYN1-CB1OPEN SYN1-VSUBL |
i [SYNi-CcBiCLD !
i SYN1-U-BUS i
| !
. [SYN1-CB20PEN !
I SYN1-VSUB2 |;
i [SYN1-CB2CLD |!
[ I
! i
i i
i [SYN1-UB1OK !
[ I
| [SYN1-UB1FF UENERG10K |
! i
! i
I | SYN1-UB20OK i
I [SYN1-UB2FF i
! i
! i
' [SYN1-vTSU | i
: !

99000112.v

Figure 121: Voltage selection logic in a double bus, single breaker arrangement. In
case of three bay arrangement the 1 in SYN1 and UENERG1OK arereplaced
by 2 and 3in 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-CB2OPEN
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
SYNx-UB1OK

SYNx-UB2FF

SYNx-UB20OK

SYNx-VTSU

Output signals
SYNx-VSUB1

SYNx-VSUB2

Description
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 fuse failure, the energizing check is
blocked.

No external voltage fuse failure (U4). Inverted signal.

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.

Description
Signal for indication of voltage selection from Bus 1 voltage.

Signal for indication of voltage selection from Bus 1 voltage.
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Double circuit breaker

Connectable inputs

General Block
From fuse failure

detection, line side ———

(external or internal)

From fuse failure
detection bus side

SYNXx x=1,2,30r4

—

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 122: 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
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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 123: Smplified logic diagram - Synchrocheck and energizing check for onecir-
cuit breaker. The internal signal UENERG1OK derives from the external or
internal fuse failure inputs SYN1-UB1OK/FF and SYN1-VTSU.
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Phasing and synchrocheck, single circuit breaker

Connectable SYN1
inputs
Phasing
Initiate Phasing
operation —» SYNI-START

Fbus,Fline =K £5 Hz
FreqDiffSynch < 50-500 mHz
|dFbus/dt] < 0.21 Hz/s
UHigh > 70-100 %
UDiff < 5-60 %

PhaseDiff < 60 deg Connectable
outputs

SYN1-CLOSECB |[——»
SYN1-INPROGR ——»

Phasing and synchrocheck

General Block —— = SYN1-BLOCK SYN1-TESTCB [———»

Synchrocheck

Fbus,Fline =K +5 Hz
FregDiff < 50-300 mHz
PhaseDiff < 5-75 deg
UDiff < 5-60 %
UHigh > 70-100 %
ULow < 10-80 %

From fuse failure
. ) . -
detection, lineside — > SYN1-VTSU SYN1-AUTOOK ——»

(external or internal) SYN1-MANOK

SYN1-UDIFF ——»
SYN1-FRDIFF —»

SYN1-PHDIFF ——»

en01000120.vsd

Figure 124: Input and output signals.

Phasing and synchrocheck
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 sighal 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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SYN1
OPERATION SYNCH

TEST MODE
OFF
ON

SYN1-START

] .

dF/dt Line i {Pulse
L] & _-_- ]|
& +—| —
Fbus £5 Hz

Fline + 5 Hz
PhaseDiff < 60 deg

[PhaseDiff=closing angle

SYN1-AUTOOK

”ﬂ SYN1-MANOK
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Figure 125: Smplified logic diagram- Phasing. Theinput signals SYN1-AUTOOK and
SYN1-MANOK derive from the synchrocheck and energizing logic.
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nal signal UENERG1OK refersto the voltage selection logic.

Figure 126: Smplified logic diagram - Synchrocheck and energizing check. The inter-
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Voltage selection
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Figure 127: Smplified 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

Connectable
inputs

Initiate Phasing }

operation

General Block ————p»|

From fuse failure
detection, lineside
(external or internal)

SYNXx x=1lor2

—_—

Phasing
SYNx-START

Fbus,Fline=FK £5Hz
FregDiffSynch < 50-500 mHz
|dFbus/dt| < 0.21 Hz/s
UHigh > 70-100 %
UDiff < 5-60 %
PhaseDiff < 60 deg

SYNx-CLOSECB
SYNx-INPROGR

Phasing and synchrocheck

SYNx-BLOCK SYNx-TESTCB

Synchrocheck

Fbus,Fline=FK £5Hz
FreqDiff < 50-300 mHz
PhaseDiff < 5-75 deg
UDiff < 5-60 %
UHigh > 70-100 %
ULow < 10-80 %

SYNx-AUTOOK
SYNx-VTSU
SYNx-MANOK
SYNx-UDIFF
SYNx-FRDIFF

SYNx-PHDIFF

Connectable
outputs

——p
——p

Figure 128: Input and output signals.

Phasing and synchrocheck
Description of input and output signals for the phasing and synchrocheck function.

258

en01000119.vsd



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-
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.

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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Output signals

r{ SYN1-MANOK |

Description

—{ SYNI1-INPROGR

FregDiffSynch

FregDiff

[ dF/dt Bus —

[ dF/dt Line

[Fbus +5 Hz

| Fline £ 5 Hz

|PhaseDiff < 60 deg |—

[ PhaseDiff=closing angle

tPulse

| SYN1-CLOSECB

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.
SYN1
OPERATION SYNCH
OFF
ON
TEST MODE
OFF
ON
[ SYN1-START | 2 &
q ;1
[ syN1-BLOCK |
50 ms
@
ULineHigh >1

SYN1-AUTOOK |}

— SYNI-TESTCB

99000090.vsd

Figure 129: Smplified logic diagram- Phasing. Theinput signals SYN1-AUTOOK and
SYN1-MANOK derive from the synchrocheck and energizing logic.
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Figure 130: Smplified logic diagram - Synchrocheck and energizing check for onecir-
cuit breaker. The internal signal UENERG1OK derives from the external or
internal fuse failure inputs SYN1-UB1OK/FF and SYN1-VTSU.
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1 1/2 circuit breaker with one terminal per breaker

Connectable inputs Connectable

SYN1- outputs
Auto. Synchrocheck

OK signal. Can be used

General Block BLOCK AUTOOK as indication or to the
From fuse failure auto-recloser.
detection, line sile ———»{ VTSU
(external or internal) Man. Synchrocheck
OK signal. Indication
; EE— —»
From fuse failure UB1FF MANOK or to auto-recloser.
detection, bus 1 g » UB1OK Can include energ. dir.
From fuse faiure | —* UFLFF VSUBL Indication of selected
detection, feeder 1 UF10K VSUB?2 bus voltage, Bus 1/2
From fuse failure » UF2FF VSUF1 » | Indication of selected
detection, feeder 2 UF20K VSUF2 feeder voltage, F 1/2

Difference in voltage <

UDIFF the set difference limit

Status information [—’ CB1OPEN

of breaker section 1 Difference in frequency <
—> —>
CB:I?CLD FRDIFF the set difference limit

Difference in phase angle
—>
PHDIFF < the set difference limit

Status information [ ——*{ FD1OPEN
of feeder disconn.1 FD1CLD

——» FD20OPEN
—— | FD2CLD

Status information
of feeder disconn.2

FreqDiff < 50-300 mHz
PhaseDiff < 5-75 deg
UDiff < 5-50 %

UHigh > 50-120 %
ULow < 10-100 %

tAutoEnerg < 0-60 s
tManEnerg < 0-60 s

99000427.vsd

Figure 131: Input and output signals.
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Synchrocheck

Figure 131 shows possible connections for the synchrocheck function and different pa-
rameters. A description of theinput and output signals follows below.

Input signals

SYN1-BLOCK

SYN1-VTSU

SYN1-UB1FF

SYN1-UB1OK

SYN1-UFXFF

SYN1-UFxOK

SYN1-CBnOPEN

SYN1-CBnCLD

SYN1-FDmMOPEN

SYN1-FDmMCLD

Description

General block input from any external condition, that should block the
synchrocheck.

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.

External fuse failure input from busbar voltage Bus 1 or 2 resp. (U5).
This signal can come from a tripped fuse switch (MCB) on the second-
ary side of the voltage transformer. In case of a fuse failure the ener-
gizing check is blocked.

No external voltage fuse failure (U5). Inverted signal.

External fuse failure input from feeder voltage Feeder 1 or 2 resp.
(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.

Status signal of breaker section n (n=1..3), indicating Open breaker
section.

Status signal of breaker section n, indicating Closed breaker section.

Status signal of feeder disconnector m (m=1..2), indicating Open dis-
connector. Can be used for interlocking.

Status signal of feeder disconnector m, indicating Closed disconnec-
tor. Can be used as interlocking condition.

263



Synchrocheck (SYN)

Chapter 9
Control

264

Output signals

SYN1-AUTOOK

SYN1-MANOK

SYN1-VSUBX

SYN1-VSUFx

SYN1-UDIFF
SYN1-FRDIFF

SYN1-PHDIFF

Description

Synchro-/energizing check OK. The output signal is high when the
synchrocheck 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.

Same as above but with alternative settings of the direction for ener-
gizing to be used during manual closing of the circuit breaker.

Voltage Bus 1 (and Bus 2 respectively) selected for the synchro-check
function.

Voltage Feeder 1 (and Feeder 2 respectively) selected for the syn-
chro-check function.

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.

Figure 132 isasimplified logic diagram of the internal voltage selection function. All
input signals can be find above. The voltage selection function requires an extra I/O-

module.

Theinternal resulting signal UENERG1OK is further used by the internal energizing
check function as acondition to release an AUTOENERG 1 or MANENERG 1 output.
See Figure 133 for asimplified logic diagram of the synchrocheck and energizing

check.

The output signals, AUTOENERG 1 and MANENERG 1, from the energizing check is
dependent of the actual parameter settings. These signals are further connected to the

main synchro-check.
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Figure 132: Smplified logic diagram - Voltage selection
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Figure 133: Smplified logic diagram - Synchrocheck and energizing check for onecir-
cuit breaker. Theinternal signal UENERG1OK refersto the voltage selection
logic.
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1 1/2 circuit breaker diameter
SYNXx x=1,2,3
Connectable
inputs SYNx-BLOCK
FreqDiff < 50-300 mHz
PhaseDiff< 5-75 deg
UDiff <5-60 %
UHigh>70-100 %
ULow < 10-80 %
Connectable
SYNX-AUTO Ouputs
SYNx-MANOK —
SYNx-UDIFF —
SYNx-FRDIFF —
SYNx-PHDIFF >
en01000121.vsd
Figure 134: Input and output signals.
Synchrocheck
Description of input and output signals for the synchrocheck function.
Input signals Description
SYNx-BLOCK General block input from any external condition, that should block the

synchro-check.
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Output signals

SYNx-AUTOOK

SYNx-MANOK

SYNx-CB3CLD
SYNx-FRDIFF
SYNx-PHDIFF

Description

Synchro-check/Energizing OK. The output signal is high when the syn-
chro-check conditions set on the MMI are fulfilled. It can also include the
energizing condition, if selected. The signal can be used to release the
autorecloser before a closing attempt of the circuit breaker. It can also be
used as a free signal.

Same as above but with an alternative settings of the direction for ener-
gizing at 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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Voltage selection

VOLTSEL1 !

|
SYN1_FD1OPEN| —49 SYN1_VSUF1,

1
SYN1_FD1CLD UL1 SYNI1-U-LINE

5} i
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I
SYN1_FD20PEN| |
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SYN1_CB3OPEN| —H4
SYN1_CB3CLD U5 SYN1-U-BUS
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|
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i

i
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Figure 135: Voltage selection for CB1
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Figure 136: Voltage selection for CB2
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Figure 137: Voltage selection for CB3

A logic diagram of the voltage selection for a1 1/2 circuit breaker arrangement is
shown in the above, figure 135, figure 136 and figure 137. The signal UENERG1(2,
3)OK release the relevant synchronism and energizing check function.

Description of the input and output signals shown in the above logic diagrams for volt-
age selection:
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Input signals

SYNx-CB1OPEN

SYNx-CB1CLD

SYNx-CB20OPEN

SYNx-CB2CLD

SYNx-CB3OPEN

SYNx-CB3CLD

SYNx-FD1OPEN

SYNx-FD1CLD

SYNx-FD2OPEN

SYNx-FD2CLD

SYNx-UB1FF

SYNx-UB1OK

SYNx-UB2FF

SYNx-UB20K

SYNx-UF1FF

272

Description

Breaker section of CB1 open. Connected to the auxiliary contacts of a
breaker section (CB and disconnector).

Breaker section of CB1 closed. Connected to the auxiliary contacts of a
breaker section (CB and disconnector).

Breaker section of CB2 open. Connected to the auxiliary contacts of a
breaker section (CB and disconnector).

Breaker section of CB2 closed. Connected to the auxiliary contacts of a
breaker section (CB and disconnector).

Breaker section of CB3 open. Connected to the auxiliary contacts of a
breaker section (CB and disconnector).

Breaker section of CB3 closed. Connected to the auxiliary contacts of a
breaker section (CB and disconnector).

Line disconnector of Line 1 open. Connected to the auxiliary contacts of
the Line disconnector.

Line disconnector of Line 1 closed. Connected to the auxiliary contacts
of the Line disconnector

Line disconnector of Line 2 open. Connected to the auxiliary contacts of
the Line disconnector

Line disconnector of Line 2 closed. Connected to the auxiliary contacts
of the Line disconnector.

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 fuse failure, the energizing check is
blocked.

No external voltage fuse failure (U4). Inverted signal.

External fuse failure input from line voltage Line 1 (UL1). This signal can
come from a tripped fuse switch (MCB) on the secondary side of the volt-
age transformer. In case of a fuse failure, the energizing check is
blocked.
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Input signals
SYNx-UF10K

SYNx-UF2FF

SYNx-UF20K

Output signals
SYNx-VSUB1
SYNx-VSUB2
SYNx-VSUF1

SYNx-VSUF2

Description
No external voltage fuse failure (UL1). Inverted signal.

External fuse failure input from line voltage Line 2 (UL2). This signal can
come from a tripped fuse switch (MCB) on the secondary side of the volt-
age transformer. In case of a fuse failure, the energizing check is blocked

No external voltage fuse failure (UL2). Inverted signal.

Description

Signal for indication of voltage selection from Bus 1 voltage.
Signal for indication of voltage selection from Bus 1 voltage.
Signal for indication of voltage selection from Line 1 voltage.

Signal for indication of voltage selection from Line 2 voltage

273



Synchrocheck (SYN) Chapter 9
Control

SYNCHROCHECK
| SYN1 k
| OPERATION i
‘ OFF :
| RELEASE i
I ON I
‘ i
I [sYN1-BLOCK i
| i
| 50 ms |
| H | ) |
i RS i
L] |
\ L] »1 SYNL-MANOK |
| (5= |
| AUTOENERG1 ( i
|
MANENERG1 :
i UDIFE__J;
: !
‘ FRDIFF__|.
: PHDIFF :
S _
ENERGIZING CHECK
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
3 AutoEnerg. i
i I
i |
i I
! 0.00-60.05 AUTOENERGL !
| T
I [uL High I
' [UL Low — |
I [UB High :
' [UBLow |
|
| i
EUENERGlOK i
| i
3 ManEnerg. i
i i
i !
i !
i |
i 0.00-60.0s MANENERGL |
i !
i !
i !
i !
i !
i !
i !
| i
[ !

Figure 138: Smplified logic diagram - Synchrocheck and energizing check. The inter-
nal signal UENERG1OK refersto the voltage selection logic.
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Calculations

The setting parameters are accessible through the HMI. The parameters for the synch-
rocheck function are found in the HMI tree under:

Settings
Functions
Group n
SynchroCheck
SynchroCheck n (n=1-3)

(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 UL1, UL2, UL 3 line voltage, which can be of asingle-
phase (phase-neutral) or two-phases (phase-phase). (Only availablein 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 aline 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.
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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 wishes to 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 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 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 is set to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnerg is set to “DLLB”, “DBLL" or “Both”.

The setting parameters are accessible through the HMI. The parameters for the synch-
rocheck function are found in the HMI tree under:
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Settings
Functions
Groupn
SynchroCheck
SynchroCheck n (n=1-4)
(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 valueis added to the
measured phase difference. The bus voltageis 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 one wishes to 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 the line 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 is set to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnerg is set to “DLLB”, “DBLL" or “Both”.

The setting parameters are accessible through the HMI. The parameters for the phasing
and synchrocheck function are found in the MMI tree under:

Settings
Functions
Group n (n=1-4)
SynchroCheck
SynchroCheck1
Operation
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.
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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 aline transformer be-
tween the two measurement points for UBus and ULine. The set valueis added to the
measured phase difference. The bus voltageis 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 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 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).

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 is set to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnerg is set to “DLLB”, “DBLL" or “Both”.
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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.

The setting parameters are accessible through the HMI. The parametersfor the synchro-
check function are found in the MMI tree under:

Settings
Functions
Group n (n=1-4)
SynchroCheck
SynchroCheck1 (and 2)

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 value is 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 the voltage differenceif UBusphase-phase and UL ine phase-neutral isused.

The “Input phase”-setting should then be set to phase-phase and the “URatio”-setting
to sqr3=1.732. This setting scales up the line voltage to equal level with the bus voltage.

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 is set to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnerg is set to “DLLB”, “DBLL" or “Both”.

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.
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The setting parameters are accessible through the local HMI. The parameters for the
synchrocheck function are found in the HMI tree under:

Settings
Functions
Groupn(n=1.4)
SynchroCheck

SynchroCheck1

Comments regar ding 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 UL1, UL2, UL 3 line voltage, which can be single-phase
(phase-neutral) or two-phase (phase-phase).

Note!
a Only available in terminals intended for one bay.

UMeasure
Selection of single-phase (phase-neutral) or two-phase (phase-phase) measurement.

Note!
0 Only available in terminals intended for several bays.
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PhaseShift

This setting is used to compensate for a phase shift caused by aline 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.

URatio

The URatio is defined as URatio=UBus/ULine. A typical use of the setting, isto com-
pensate for the voltage difference caused if desired to connect the UBus as phase-phase
and the ULine as phase-neutral. The Input phase -setting should then be set to phase-
phase and the URatio-setting to sqr(3) (=1.732). This setting scales up the line voltage
to equal level with the bus voltage.

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 dead (low), below (10-80% U1b) and the bus
voltage U-bus is live (high), above (70-100% U1b).

DBLL The bus voltage U-bus is dead (low), below (10-80% U1b) and the line
voltage U-line is live (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 is set to On, closing is enabled when Both U-Line and U-bus are below
ULow and ManEnerg is set to DLLB, DBLL or Both.

The setting parameters are accessible through the HMI. The parametersfor the synchro-
check function are found in the HMI tree under:
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Settings
Functions
Groupn
SynchroCheck 1,2 and 3

Comments regar ding settings

Operation

Off/Release/On
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.

UMeasure
Selection of single-phase (phase-neutral) or two-phase (phase-phase) measurement.

PhaseShift

This setting is used to compensate for a phase shift caused by aline transformer be-
tween the two measurement points for UBus and ULine. The setting can also be used
to compensate for the phase difference when UBus and UL ine are taken from different
phases. The set valueis added to the measured phase difference. Thebusvoltageisref-
erencevoltage. A phase difference of +30 deg should therefore be compensated with a
setting of parameter PhaseShift=30 deg and a phase difference of -30 deg is compen-
sated with a setting PhaseShift=330 deg.

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 one wishes to 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 the line voltage to
equal level with the bus voltage. A mathematical representation would in this case be:
ULine’=URatio * ULine, where ULine’ is the scaled internal representation of ULine.
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In the reverse case when UBus is connected phase-neutral and UL ine is connected
phase-phase, the “Input phase”-setting should be set to phase-neutral and the “URatio”-
setting should be 1/sqr3=0.577. This setting scales up the bus voltage to equal level with
the line voltage. The formula is in this case: UBus’=1/URatio * UBus, where UBus’ is
the scaled internal representation of UBus.

AutoEnerg and ManEnerg

Two different settings AutoEnerg and ManEnerg can be used for automatic respectiv-
iely 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 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 is set to “On”, closing is enabled when Both U-Line and U-bus are be-
low ULow and ManEnerg is set to “DLLB”, “DBLL” or “Both”.
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Automatic reclosing function (AR)

Application

Automatic reclosing (AR) isawell-established method to restore the service of apower
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 theline.
Otherwise these two times may differ.

In case of apermanent fault, the line protection trips again at reclosing to clear the fault.
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Figure 139: Sngle-shot auto-reclosing at a permanent fault

In abay with one circuit breaker only one terminal 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 majority 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 reclosing, 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 availability of the power system thereisapossibility to chose
single pole tripping and auto-reclosing at single phase faults, two pole tripping and
auto-reclosing at faultsinvolving two phases and three pol e tripping and auto-reclosing
at three phase faults.

During the single pole open time there will be an equivalent “series”-fault in the system.
As a consequence there will be a flow 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) is always a three pole trip and reclosing, even if the first high-speed
reclosing is a single pole action.

Functionality

The AR function is a logical function built up from logical elements. It operates in 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 a number of parameters can be set to adjust the auto-reclosing function
to the desired requirements. Examples are:

¢ Number of AR attempts
* AR programs
* Open times for different AR attempts

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 AR01-SETON
output is high (active). See Function block diagrams.
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The auto-reclosing function is activated at aprotection trip by the AROL-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, thereis arisk of sequential non-simultaneous
tripping. To ensure a sufficient line dead time, the AR open timeis 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 timeis 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

Thereclosing programs can be performed with up to maximum four reclosing attempts
(shots), selectable with the NoOfRecl osing parameter. The first program isused at pure
3-phase trips of breakers and the other programs are used at 1-, 2- or 3-phase trips of
breakers.

3ph

3-phase reclosing, oneto four attempts (NoOfRecl osing parameter). The output ARO1-
P3P isaways high (=1).

A trip operation is made as athree-phase trip at al types of fault. Thereclosingisasa
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.
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ARO1-START isreceived and sealed-in at operation of the line protection. The ARO1-
READY output is reset (Ready for anew AR cycle).

If ARO1-TR2P (2-phase trip) islow and ARO1-TR3P (3-phase trip) 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 also ARO1-CBREADY
at type OCO). The AR Open-time timer, t1 1Ph or t1, keeps on running.

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 aready described, program 1/2/3ph. If the first

reclosing attempt 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 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 paramete).

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.
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At 1-phase trip (TR2P low and TR3P low), the operation is asin 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).

At 3-phasetrip, the operationissimilar asabove. But, if thefirst reclosing attempt fails,
a 3-phase trip will be issued 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 NoOfRecl osing parameter).

At 2-phase or 3-phase trip, the operation is similar as above. But, if thefirst reclosing
attempt fails, a3-phasetrip will beissued and the AR will be blocked. No more attempts
take place!

Table 10: 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
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Program 1st attempt 2-4th attempt

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

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 ARO1-SYNC to
FIXD-ON (setto 1).

Another possibility isto set the output from the internal synchro-check functionto a
permanently activesignal. Set Operation = Releasein the synchro-check function. Then
ARO01-SYNC is configured to SY Nx-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 thissignal
is present to allow 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, thereclosing isin-
terrupted and blocked.
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The Reclaim-timer defines a period from theissue of areclosing command, after which
the reclosing function is reset. 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 pulsewill 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.

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). ARO1-CBCLOSED = 1 and AR0O1-CBREADY = 1.

After the reclaim time, the AR state control resetsto origina 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 a 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 AR0O1-UNSUC (Reclosing unsuccessful) isactivated. The
timers for 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.
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After time-out of the reclaim timer, the auto reclosing function resets, but the circuit
breaker remains open (ARO1-CBCLOSED = 0, ARO1-CBREADY = 1). Thusthere-
closing function is not ready for anew reclosing cycle. See Function block diagrams
and Sequence 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 still 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 531 configuration tool.

The parameters for the auto-reclosing function are set through the local HMI at:

Settings
Functions
Groupn
AutoRecloser
AutoRecloser n

Recommendations for input signals
See figure 140 and the default configuration 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 ARO1-OFF

May be connected to binary inputs for external control.
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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.

ARO01-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 a so be connected
to abinary input. If neither internal nor external synchronising or energising check
(dead line check) isrequired, it can be connected to apermanent 1 (high), by connection
to FIXD-ON.

ARO1-PLCLOST

Can be connected to a binary input, when required.

ARO1-TRSOTF

Can be connected to the internal line protection, distance protection, trip switch-onto-
fault.

ARO1-STTHOL

Start of thermal overload protection signal. Can be connected to OVLD-TRIP to block
the AR at overload.

ARO01-TR2P and ARO1-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
See figure 140 and the default configuration for examples.

ARO1-READY

Can be connected to the Zone extension of aline protection. It can also be used for in-
dication, if required.

ARO01-1PT1 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.

ARO1-CLOSECB

Connect to abinary output relay for circuit breaker closing command.

ARO1-P3P

Prepare 3-phase trip: Connect to TRIP-P3PTR.

ARO1-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 140: Recommendations for 1/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 141. At single breaker application, Priority
is set to No, and this has no influence on the function. The signal Sarted is sent to the
next function module. At double breaker and similar applications, Priority is set High
for the Master terminal and Priority = Low for the Slave.

Whilereclosing isin progressin the master, it issues the signal -WFMASTER. A reset
delay ensuresthat the -WAIT signal is kept high for the breaker closing time. After an
unsuccessful reclosing, it is aso maintained by the signa -UNSUC. For the slave ter-
minal, the input signal -WAIT holds back areclosing operation. A timetWait setsa
maximum waiting time for the reset of the Wait signal. At time-out, it interrupts the re-
closing cycle by aWM-INH, wait for master inhibit, signal.
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Terminal *“ Master ”

Priority = High
ARO1
o BLOCKED
BLKO SETON
BLOCKOFF INPROGR
INHIBIT ACTIVE
RESET UNSUC
READY
START
SITHOL
TRSOTF  CLOSECB CB1
CBREADY
CBCLOSED
PLCLOST T1
SYNC T2
T3
WAIT T4
WFEMASTER
Terminal “ Slave ”
Priority = Low
ARO1
8’,2',: BLOCKED
BLKON SETON
BLOCKOFF INPROGR
INHIBIT ACTIVE
RESET UNSUC
READY
START
TRSOTF
STTHOL CLOSECB CB2
CBREADY T1
CBCLOSED
ST
T4
WAIT
WEMASTER

*) Other input/output signals as in previous

singel breaker arrangements

99000120.vsd

Figure 141: 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.

Thereare 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 acceptable 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 allowed 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 apermissive 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: 800 ms. Typical required dead time for
three poletrip and reclosing: 400 ms. Different local phenomena, such asmoisture, salt,
pollution, etc. can influence the required dead time. Different open time for first auto-
reclosing shot can be chosen for single pole (t1 1Ph), two pole (t1 2PH) and three pole

(t1).

The open time for the three pole 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 oscill ate during
the dead time, there can be some time before the synchronising quantities can be accept-
ed for reclosing. This can be checked by means of dynamic simulations. As abase rec-
ommendation tSync can be set t0 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 completed.
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Thesetting tTrip isused 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 maser (prior-
ity high). The others should have priority low. In case of one breaker only none priority
is chosen.
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3.1

3.2

Multiple command (CM)

Application

The terminals may be provided with afunction 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
communicate with other terminals, these terminals have a corresponding event function
block to send the information.

Design

General

One multiple command function block CM 01 with fast execution time also named Bi-
nary signal interbay communication, high speed and/or 79 multiple command function
blocks CM02-CM 80 with slower execution time are availablein the REx 5xx terminals
as options. For REC 561 the seventy-nine multiple command function blocks CM 02-
CM80 with slow execution time isincluded in basic.

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 531 configuration tool.

» 0 = Off sets all outputs to 0, independent of the values sent from the station level,
that is, the operator station or remote-control gateway.

» 1 = Steady sets the outputs to a steady signal 0 or 1, depending on the values sent
from the station level.

» 2 =Pulse gives a pulse with one execution cycle duration, if a value sent from the
station level is changed from 0 to 1. That means that the configured logic connected
to the command function blocks may not have a cycle time longer than the execution
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 531.

The output signals, here OUT1 to OUT16, are then available for configuration to built-
in functions or via the configuration logic circuits to the binary outputs of the terminal.
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Binary signal interbay communication

The multiple command function block can aso be used to receive information over the
LON busfrom other REx 5xx terminals. The most common useisto transfer interlock-
ing information between different bays. That can be performed by an Event function
block as the send block and with a multiple command function block as the receive
block. The configuration for the communication between terminal sis made by the LON
Network Tool.

TheMODE input is set to Steady at communication 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 531
configuration 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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4.1

Apparatus control

Application

The apparatus control function is supervising the operation of a set of high-voltage ap-
paratuseswithin abay. Apparatusesin theform of breakers, disconnectors, and earthing
switches. Figure 142 gives an overview from what places the apparatus control function
receive commands. Orders to operate an apparatus can come from the Control Centre
(CC), the station HM, or the local back-up panel (viathe I/O).

When operating from the local back-up panel, the apparatus control function can be by-
passed. The back-up panel is hard wired to the apparatuses for this purpose.

cc

Station HMI

Q GW

[\

LON

REC 561 REC 561
Apparatus Apparatus
Control Control
back-up panel
1/0 /0

AA

breakers
disconnectors
earthing switches

A

A
Yy

I:U oo

99000321.vsd

Figure 142: Overview of the apparatus control functions.

Features in the apparatus control function:
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« Supervision of valid operator place (one operator place at a time)

« Each apparatus is prepared to be included in a sequence

» Each apparatus can be interlocked

* The breakers can be connected to synchrocheck/energizing check/phasing function
* Reservation of bays

» Supervision of status of primary apparatus

Functionality

General

A bay can handle, for examples a power line, a transformer, a reactor, or a capacitor
bank. The different high-voltage apparatuses within the bay level can be controlled di-
rectly by the operator or indirectly by sequences. The different apparatuses can also be
controlled automatically.

Because a high-voltage apparatus can be allocated to many functions within a Substa-
tion Automation system, the object-oriented approach with an internal module that han-
dles the interaction and status of each process object ensures consistency in the process
information used by higher-level control functions.

High-voltage apparatuses such as breakers and disconnectors are controlled and super-
vised by one software module each. Because the number and type of signals connected
to a breaker and a disconnector are almost the same, the same software is used to handle
these two types of apparatuses.

The software module is connected to the physical process unit in the switchyard by a
number of digital inputs and outputs. Special function blocks were created for making
bay and apparatus control programs as efficient as possible. Four types of function
blocks are available to cover most of the control and supervision within the bay.

The different functions included in the apparatus control are described below.

Operator place
The apparatus can be controlled from three different operator places:

¢ Remote
« Station
¢ Local

The operator places have different priorities:
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» Local (highest)
» Station
* Remote (lowest)

Normally, only one operator place is valid at a time. But the user can define that more
than one operator place is valid at the same time.

The remote operator place is assigned by the station operator. When local operator place
is deactivated (by the local operator) previous operator place becomes valid.

When the operator place is established, a selection of the apparatus can be made. This
is possible in two different ways only, depending on the select/execute principle. Either
there is one (close or open) selection input set, followed by simultaneous setting of the
execute inputs.

Or if the other principle is used, setting of both selection inputs (close and open select)
simultaneously followed by the direction (close or open) on the execute input. Any oth-
er combination causes a reset of the operation.

Because both select/execute principles are supported from the operator point of view,
two selection and two execute inputs are implemented.

To inform operator(s) at the station HMI that the apparatus is selected from another op-
erator place, there are indications for each apparatus from which operator place (remote,
station or local) it is selected. This is to inform that the apparatus is already selected; so
a selection from that operator place is not possible.

When a selection is made, the apparatus control goes back into idle state for one of these
reasons:

» After a successful operation

* No open or close command within specified time
* When reservation failed

* When an interlock occurred

* In blocking state

» Cancelling of the operation

When the apparatus is in idle state, it is possible to make a new selection from the valid
operator place.

The operator can override the interlocking and/or the reservation from the station HMI
and from the local operator place.
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Of course arbitrary orders can be sent to the control terminal, but only ordersinvolved
with the apparatus control are described below.

The apparatus control handles different kind of commands coming from different oper-
ator places. Interpret the local operator place as the back-up panel.

Remote
These commands are supported from remote operator place:

« Select, open/close
» Execute, open/close
» Cancel the selection

Station
These commands are supported from the station HMI:

» Select, open/close

» Execute, open/close

» Cancel the selection

» Block/deblock operation (per apparatus or bay)

» Override of reservation, interlocking and/or synchro-check/phasing

e Selection of operator place, station and/or remote

» Block/deblock updating of the position indications (per apparatus or bay)
» Setting of the position indication, open/close

Local
These commands are supported from the local HMI (back-up panel):

» Select, open/close

» Execute, open/close

« Override, reservation and/or interlocking

» Set operator place to local (switch on the back-up panel)

Automatic functions

An automatic program (placed in the control terminal or in external equipment) can be
connected to the apparatus control. These signals can be connected to the apparatus con-
trol:
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» Signals for select (open/close)
» Signals for execute (open/close)
» Cancel the selection

» Signal to reserve the apparatus for automatic functions. Used when the apparatus is
included in a sequence

Selection and reservation

The purpose of the reservation and selection is to prevent double operation, either in the
bay itself or in the complete station. For an operation in the bay, the reservation part al-
ways reserves the own bay. The engineer can include or exclude the part that reserves
other bays.

The selection and reservation function consists of four parts:

Reservation of the own bay

Requesting reservation of other bays and handling of the acknowledgement signals
Replying to reservation requests

Permitting selection of apparatuses, depending on reservations

A wnNPE

The selection and reservation function has two ways of starting. It starts when a request
select signal is set in the own bay or when it receives a request for reservation from an-
other bay.

The basic part of the reservation function is the reservation of the own bay. When the
reservation is made, no acceptance of selections from other apparatuses can occur until
all selection requests and reservations are cancelled.

Reservation of the other bays can also be made. A request for reservation is sent to these
other bays. All bays should respond with an acknowledgement that they have reserved
the own bay for operations. After reception of these signals, the reservation is consid-
ered successful and selection can proceed.

To prevent that a reservation is not reset when the reserve request becomes invalid, the
reservation in the own bay and the acknowledgement to the other bays are cancelled
when the cancel reservation timer has expired. The engineer should set this time to the
operating time of the slowest not hand driven disconnector.

One timer supervises the reservation. If the time until a successful reservation is too
long, the command sequence is stopped and an error message is generated.

It is possible to ignore failing reservation of other bays, if the operator wants to operate
the apparatus. There is an override signal for this purpose.
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Blocking of the reservation function is possible. With an override, the blocking of res-
ervation on requests from inside the bay can be bypassed.

The reservation method is briefly explained in figure 143 and follows these steps:

1. Select close/open from the station HMI
2. Reservation signal from the bay, which is to be operated
3. Transfer of acknowledgement and actual position indications from the other bays
4. Performed selection is presented on the station HMI
5. Execution of the command from the station HMI
6. Release (cancel) of the reservation
| 2R>
Selected
qq&mdication 4{ J> hh3 Indication
Select Reserve|Execute Release
Dl o[ s <6
REC 561 Indication REC 561
Apparatus REC 561 Apparatus
Control Apparatus Control
Control
Bay 1 Bay 3
Bay 2

99000322.vsd

Figure 143: The reservation method.

Automatic functions

The apparatus control has inputs to be connected to automatic functions, for example,
delayed autoreclosing. When an automatic operation program must take control of an
apparatus, it must check if thisis permitted. Automatic operations are permitted when
these conditions are fulfilled:
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» Operator place is not local

» The apparatus is not selected

* The apparatus is not reserved

» The concerned apparatus is not blocked for operation
» Position indications are not blocked

The function, which operates automatically, also first determines if automatic operation
is permitted.

Manual updating of indications

The position indications can be set manually. This feature is only available from the sta-
tion operator place.

There are two different independent functions given:

» Blocking of position updating from bay level (for all apparatuses in the bay) and ap-
paratus level (for each separate apparatus)

» Setting the drive position indication to a defined position by the operator. This is
mainly used in cases where the drive is in maintenance or is disturbed and a defined
end position is required. This function should cause an automatic update blocking of
the position indication.

It can be chosen if blocked position indications cause a blocking of operation.

The supervision of the positions of an apparatus is based on the indications from the
program and not the process status. This is to be able to simulate the positions when op:
erating. In most cases, the process and indication status are identical.

Blockings
There are two bay-oriented blocking functions:

» Blocking of operation
» Blocking of updating of the position indication

Both of these different blockings are applicable for each apparatus separately and for
the complete bay.

Blocking of operations can be separately performed for open/close.
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Commands for the above described blockings are executed from the station HMI. Of
course, arbitrary signals can be used to cause a blocking. But the explicit orders come
from the station HMI.

4.2.7 Command supervision

Supervision functions stops the program from hanging in the middle of a command se-
guence. When the operation timeistoo long there is an error indication, and the com-
mand sequence resets. Such functions are:

e Supervision of the time between the selection is made and the following execute
command. Adjustable time.

« Supervision of the time between the request to override and the following selection.
The same timer as above.

» Supervision of abnormal status between the select and execute signals. If select is
given for one direction, it must be followed by execute for both directions. Or, if the
other principle is used, both selection inputs are followed by execute for the desired
direction.

4.2.8 Supervision of driving mechanism

The control part should check the start conditions (for example, if there is a select for
open when the position is open) for a valid selection, the movement itself, and correct
completion. The corresponding status signals are given. The operation depends on the
interlocking and blocking signals.

The supervision of the command output is made by the microcontroller on the output
board.

A timer supervises the start of the drive. If the drive does not succeed in starting within
a specified time, the command sequence resets, and an error indication is generated.

A timer supervises the movement of the drive. The maximum time can be set between
the start and until the new position is reached.

When three phase indications are included, the pole-discordance function is included.

If interlocking allows operation, the drive can be operated when the starting-point is in
the intermediate position.

4.2.9 Synchrocheck with phasing

Synchrocheck and phasing conditions can be considered when manually closing a
breaker. The closing command at synchrocheck is released via the apparatus control, as
for ordinary operations with the synchrocheck function excluded.
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A timer supervises the synchrocheck and phasing function. If the conditions are not ful-
filled within a specified time (after a closing command is given), thereis afailed syn-
chronization.

The control terminal can use a built-in synchrocheck and phasing function (also called
internal synchrocheck and phasing) or use an external synchrocheck and phasing equip-
ment, which are separate devices outside the control terminal. Two solutions are sup-
ported. The explicit closing command can come from the apparatus control itself
(activated by the synchrocheck) or from the external synchrocheck equipment (activat-

ed by the apparatus control).
4.3 Design
43.1 General

The apparatus control function contains several function blocks. These function blocks
are interconnected to form a control program reflecting the switchyard configuration.

A control program contains four main types of function blocks. The total number used
depends on the switchyard configuration. Beside the main types of function blocksthe
program contains simple logic like AND/OR gates.

These four main types are called BAY CON, COMCON, SWICON, and BLKCON.
BAYCON:

» BAY CONItrol, used for bay-oriented functions (one per bay) such as reservation,
valid operator place, and supervision of select relays (when used).

COMCON:

» COMmand CONItrol, used for each apparatus. Supervises commands coming from
the different operator places. The interface to the operator places.

SWICON:

» SWitching CONtrol, used for each apparatus. Supervises operating apparatuses. The
interface to the process.

BLKCON:

» BLocK CONtrol, universal element used for different kinds of blockings. One per
bay and one per apparatus.
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Figure 144 shows how the modules are combined:

17 Il
— BAYCON j>‘

HL L

COMCON SWICON BLKCON

==

BLKCON

[ ] Apparatus [ ] Bay
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Figure 144. Overview of the interaction between the apparatus control modules

4.3.2 Standard modules
In the control terminal, several standard function blocks are available. Below the differ-

ent standard modules are described. The chapter “Apparatus control” in the “Technical
reference manual” describes input and output functions.
The BAYCON element consists of four variants:

BAYCONA: The normal version to be used.

BAYCONB: The same as A, but used when more than eight apparatuses are included
in one bay, that is, when more than one BAYCON is used per bay.

BAYCONE: Is used if external selection relays with individual feedback signals are
used.

BAYCONF: The same as E, but used when more than eight apparatuses are included in
one bay, that is, when more than one BAYCON is used per bay.

COMCON consists of only one variant.

The SWICON element consists of three variants:
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SWICONA: Used for internal synchro-check function and individual phase position in-
dication. Normally used for circuit breakers.

SWICONB: Used for external synchro-check function and individual phase positionin-
dication. Normally used for circuit breakers.

SWICONC: Used for common position indication for al three phases. Normally used
for disconnectors and earthing switches.

The BLKCON element consists of two variants:
BLKCONK: Normally used for the bays.
BLKCONL: Normally used for the apparatuses.

With control functions applicable for one bay or multiple bays, these standard modules
are available:

Alternative for one bay and up to 14 apparatuses.

Normal use:

* 1 pcs BAYCONA or

* 2 pcs BAYCONB or

with external selection relays with individual feedback signals:
* 1 pcs BAYCONE or

* 2 pcs BAYCONF

and either

* 2 pcs SWICONA (internal synchro-check) or
* 2 pcs SWICONB (external synchro-check)

and

* 14 pcs SWICONC and
e 14 pcs COMCON and
* 14 pcs BLKCONL and
* 1 pcs BLKCONK
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Alternative for up to three baysand up to 24 apparatuses.
Normal use:

* 3 pcs BAYCONA or
* 2 pcs BAYCONA and 3 BAYCONB or
e 1 pcs BAYCONA and 4 BAYCONB or

with external selection relays with individual feedback signals:

* 3 pcs BAYCONE or
» 2 pcs BAYCONE and 3 BAYCONF or
* 1 pcs BAYCONE and 4 BAYCONF

and either

e 4 pcs SWICONA (internal synchro-check) or
e 4 pcs SWICONB (external synchro-check)

and

* 24 pcs SWICONC and
* 24 pcs COMCON and
e 24 pcs BLKCONL and
e 3 pcs BLKCONK

Alternative for up to 12 baysand up to 24 appar atuses:
Normal use:

e 12 pcs BAYCONA or
* 11 pcs BAYCONA and 3 BAYCONB or
e 6 pcs BAYCONA and 4 BAYCONB or

with external selection relays with individual feedback signals:

e 12 pcs BAYCONE or
e 11 pcs BAYCONE and 3 BAYCONF or
* 6 pcs BAYCONE and 4 BAYCONF
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and either

* 12 pcs SWICONA (internal synchro-check) or
* 12 pcs SWICONB (external synchro-check)

and

* 14 pcs SWICONC and
* 24 pcs COMCON and
* 24 pcs BLKCONL and
* 12 pcs BLKCONK

The selection of control alternative is made during manufacturing. The selection of
standard modules within each control alternative in the control terminal is made by a
Function Selector tool included in the CAP 531 Configuration tool.

BAYCON

Functionality

BAYCON handles bay control functions for operation of circuit breakers, disconnec-
tors or earthing switches in a Substation Automation system. It contains functionality
for operator place choice, selection and reservation, selection relay supervision and au-
tomatic functions. The total functionality depends on the variant of BAYCON. BAY-
CON handles maximum eight apparatuses. When a higher number is required,
BAYCON can cooperate via information exchange with more BAYCON elements.
“Apparatus control” in the “Technical reference manual” shows the function blocks for
the different variants with the name of the input and outputs and describes these signals.

Operator place choice
The operator place has three possibilities:

 Remote for control via remote communication
e Station HMI
» Local for control from a local panel

With the inputs (S_R, S_S, L_L) that are obtained, the desired operator place can be se-
lected. It has a built-in priority with Local as highest, Station as intermediate, and Re-
mote as lowest priority. When two or more inputs are set at the same time, the higher
priority prevails. The inputs S_R and S_S have pulse inputs, but the L_L requires a
steady signal. Figure 145 shows the logic:
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Figure 145: The operator place selection represented by logic

If the operator place selection is used without any priority and if the outputs REMOTE/
STATION/LOCAL can be set independent of each other, the inputs REMOTE/STA-
TION/LOCAL on COMCON can be used. See configuration example in the section of
“Operator place selection” in “Configuration”.

Reservation and selection

The purpose of the reservation and selection function is primarily to transfer interlock-
ing information in a safe way and to prevent double operation in a bay, switchgear, or
complete substation. The section of “Reservation function” in “Configuration” de-
scribes the method and the meaning of the inputs and outputs of BAYCON.

Information exchange

The input EXCH_IN and output EXCH_OUT are used for information exchange be-
tween BAYCON elements, when more than eight apparatuses in the same bay are used
for control. The inputs and outputs of these elements are connected to each other in a
loop as shown in Figure 146.

The reservation and selection function has several bits available to request other BAY-
CONs to be reserved. These BAYCONSs reply with an acknowledge through the same
information exchange.

Only BAYCONB, and BAYCONF have this functionality.

Figure 146 shows the information exchange connections for one bay with up to 24 ap-
paratuses.
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Figure 146: Connections between three BAYCONSs intended to control up to 24 appa-
ratuses

Selection relay supervision

The normal use of the command output module (BOM) does not require any external
relays. The supervision of the command relays on the output module is performed on
the circuit board. The output module is normally connected directly to the switchyard
without any extrarelays.

To meet requirements of supervision of external selection relays, it is possible to con-
nect these relays and supervise them by BAY CONE or BAY CONF with individual
feedback signals shown in figure 147.

The auxiliary contacts of the relays are wired to two inputs SEL_CH1 and SEL_CH2.
A series connection of NC contacts connected to SEL_CH1 indicates that no relay is
energized. A parallel connection of NO contacts connected to SEL_ CH2 indicates that
arelay isenergized. BAY CON can now determine two types of errors. It can indicate
that thereisan error most probably at the system inputswith the BINPERR. BOUTERR
indicates that the error is more likely to be found at the system outputs. BAY CON also
checks the selection relays separately with afeedback signal from the energized selec-
tion relay. It can then determine if wrong relay is energized. It indicates this with the
BRLY ERR output. When an error occurs, BAY CON cancels al operations. It lets the
reservation go into afail state, which causes resetting of the selection or acknowledge-
ment.

When BAY CON hasavalid reservation for a selection request and no error occurs, the
selection relay supervision also sets an output to the requesting apparatus. Thisisa
feedback sdection (FDB_SEL x), which indicates that the energizing of the relay was
correct. Now other software parts can give a close or open command.
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Figure 147: External selection relays with individual feedback signals.
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Automatic operation check

BAY CON hasan amount of information that concerns the permission for automatic op-
eration. Thisinformation is made available at the AU_OP_Vx outputs. Other elements
can combinethisinformation to asignal to an automatic function indicating permission
for operation.

Parameters
T_CAN_RE

Time-out when the reset of the reservation acknowledgement is not done by the request-
ing bays, for example, because of communication error.

COMCON

Functionality

COMCON actsas an interface between the possi bl e operator places and the bay and the
apparatus-control program. The validity of operator placesisindicated on the RE-
MOTE, STATION and LOCAL inputs. Only the signalsfrom the operator place(s) that
arevalid are executed. When a change occurs, COMCON checksvalidity and forwards
the commands to the outpults, if they are correct.

From station level, COMCON supports two ways of command executions:

1. From station HMI.
2. From remote gateway.

In the first way, that is normally used as standard from the station HMI (seeitem 1in
figure 148), only one selection input isactivated, S SEL_Oor S SEL_C. COMCON
setsthe RQ_SEL and the concerning direction output, OPEN or CLOSE. After the SE-
LECT input is set by BAY CON, it allows the execute command S_OPEN and

S _CLOSE to passthrough. These execution inputs can be set at the sametime or before
SELECT isactivated. Then the EXECUTE output is also activated.
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Figure 148: Example of different ways to connect the select and execute signalsin
COMCON

In the other way to select that is normally used as standard from remote gateway (see
item 2infigure 148), both selectioninputsR_SEL_Oand R_SEL_C are set at the same
time. It setsonly theRQ_SEL output. At reception of the SELECT, it allowsthe execute
command R_OPEN or R_CL OSE to passthrough. But now only one execute command
R_OPEN or R_CLOSE can be given and COMCON passes the EXECUTE command
with the OPEN/CL OSE directions.

The operation from alocal operator place works in the same way as both aternatives
from station HMI and remote gateway and can consequently be connected in a corre-

sponding way.

When the operation has ended or failed, COMCON receives an input indication
SEL_RESfrom SWICON. On reception of thisinput, it resetsthe stored commandsand
outputs.

An operation, which has already started with a selection, can be cancelled. The R/
S_CANCEL inputs handle this. The output CANCEL is connected to the CANCEL in-
put on SWICON to reset the started selection. COMCON aso hasan S/IL_IR_OVR
override input for station and local and an OVERRIDE output, which overrides the se-
lection and reservation in other program parts.

COMCON also supports commands for blocking of operation and commands for man-
ual position updating. These signals can come from station only and are being sent
through to the rest of the program.
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4.6.1

Besides from the three operator places, commands can also come from automatic func-
tions. These inputs are handled in the same way as the normal operator place signals.
For sequence switching, the apparatus can be reserved with the SEL_SEQ input.

For command supervision, COMCON has two time parameters. The supervision
checksthetime between select and execute signal s and checksthe response on arequest
for selection including reservation of other bays. When any of them isincorrect, COM-
CON indicatesthiswiththeLO_OP_T and RES_ERR outputs. Also, the CANCEL out-
put gives asignal (pulse) to reset the selected command in SWICON.

Parameters
T LO OP

Maximum time between a select and the execute command coming from the operator.
Also the maximum time between the request to override and the following select.

T_RES

Allowed time (for BAY CON) to make the reservation.

SWICON

Functionality

SWICON handles basically two functions, indication and supervision of operation. The
indication inputs can either be individua per phase including the pole discordance
check (SWICONA and SWICONB) or common for all three phases (SWICONC). The
indication part checks the position indication information and givesindications (OX,
CX) ontheresults. The POSIND_V input isused at external eval uationsof the positions
or at printed circuit board error. POSIND_V = True means valid positions. The result
of (OX, CX) is (0, 0) (for intermediate position or when POSIND_V = False). It also
includes the function for manual position updating. The position indication can be set
manually, and the updating from the process is stopped. Manua updating is indicated
by MA_UPD_P.

The indication part has two timer parameters. The POS_ERR is activated momentary
a theintermediate position (1, 1) but isdelayed the T_POSERR time at the position (0,
0). The POL_DISC output is activated when a pole discordance is detected and the
T_POL timer expires.
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SWICON has inputs and outputs for selection and execution. In case the SWICON as-
sumes the sel ect-open or -close-before-execute principle (that is, either OPEN or
CLOSE isset), the SELx (SELECT) signa from BAY CON energizes the selection out-
puts of agiven direction, SEL_OPEN or SEL_CLOS. After it has received the
FDB_SEL signal, it proceeds with an EXECUTE command, which activates both
EXE_OPEN and EXE_CLOS.

In case of the sel ect-before-execute-open or -close principle, SWICON receivesonly a
SEL ECT signal (that is, without the OPEN and CLOSE directions). Now it activates
both the SEL_OPEN and SEL_CL OS selection outputs. After receiving a FDB_SEL
feedback select, it waits for the EXECUTE command. This must now come together
withthe OPEN or CLOSE direction to activate either EXE_OPEN or EXE_CLOS. The
connections between SWICON and the output board are shown in figure 149.

Apparatus 1
SWICON

SEL_OPEN SELECTED
SEL_CLOS ToHMI

FDB_SEL
From BAYCON —| SELECT

EXE_OPEN

— OPEN
From — CLOSE To output board
COMCON | — EXECUTE

— CANCEL

EXE_CLOS

— ¢ |—__OPEN

& CLOSE

99000326.vsd

Figure 149: Connection of select and execute signals to the command output board
from SWICON.

Before a selection output is activated, SWICON checks the blocking (BLK_OPEN/
CLOS) and interlocking (INT_LOCK) inputs. After activation of the selection outputs,
the selection timer (T_SEL) starts. When the feedback select signal does not come in
time, SWICON setsthe SEL_ERR output. After the execute outputs are activated, it
setsthe CMD_ERR if the position indication does not indicate a start in the position
change, beforethetime T_START has elapsed.

Automatic operation isincluded in SWICON. It has an input for bay information con-
cerning permission for automatic operation (AU_OP_V). It also has an output that in-
dicates permission per apparatus (AU_OP_P).
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For synchrocheck, SWICON has two versions. One version (SWICONA) isfor asyn-
chrocheck relay that checksthe synchronization condition continuously and givesasig-

nal on SY_OK if there is synchronism, see figure in “Synchrocheck with phasing” in
“Configurations”. This is the normal application when the internal synchrocheck func-
tion is used. To close the breaker, SWICON can activate the EXE_CLOS output at the
activation of the SY_OK signal, when the CLOSE and EXECUTE inputs are already
set and also when the SEL_CLOS outputis set. The SY_RUN input is set to FIXD-ON.
If not the SY_OK input is used, it also must be set to FIXD-ON.

The other version (SWICONB) is used for an external synchrocheck or synchronization
relay. The close command from this relay is normally handled outside the control ter-
minal, see figure in “Synchrocheck with phasing” in “Configurations”. At the close
command from the operator, COMCON activates the EXECUTE output and SWI-
CONB the SEL_CLOS and EXE_CLOS outputs. SWICONB has two inputs SY_RUN
and SY_FAIL, which need the status information of the synchronization sequence. The
SY_RUN signal can be connected from the synchronization relay, so it will be activated
when the synchronization relay is in progress and waiting for its close command. This
signal stops the command supervision given by the T_START time, so that the com-
mand output can be activated until the synchronization relay gives its command to close
the breaker. Also other timers in SWICONB are stopped when SY_RUN is activated.
If not the SY_RUN input is used, it must be set to FIXD-OFF.

The SY_FAIL must be activated if the synchrocheck/phasing does not reach synchro-
nism within a certain time. SY_FAIL resets the complete operation sequence.

The autoreclose function closes the breaker via an OR logic (OR with the same cyclicity
as the autoreclose function) with the normal close order from SWICON. For high-speed
autoreclose function used with external selection relays, the AR_SEL input is used to
select the apparatus without any checks of the selection conditions. To block the autore-
close function at the moment the apparatus is under operation, SWICON gives a
BLK_AR output.

Parameters
T _POSERR

Allowed time for middle position. Supervises the time for position change from 01 ->
10 or 10 -> 01.

T_POL

Time parameter for pole discordance. Allowed time to have discrepancy between the
poles.

T SEL
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Allowed time from selection to feedback select.
T _START

Allowed time from execute to position indication change. Supervises the time for posi-
tion change from 01 -> 00 or 10 -> Q0.

T _PULSE

Time parameter for command output pulse length. T_PUL SE = 0 gives a steady com-
mand output signal.

4.7 BLKCON

471 Functionality

BLKCON isused for blocking of functionsin a bay and in an apparatus control pro-
gram. BLKCONL (x=1) containsone blocking function and BLKCONK (x=1, 2 and 3)
contains three blocking functions. The blocking function can be controlled by both
steady and pulse signals. The functionality can be represented by logic asin Figure 150
below.

BLK x_1
BLK_x_2
BLK x 3 ———— 1 >1

BLKCMDXx S

DBLCMDx ﬂ

BYPASSXx q

BLK_OUTx

x=12,0r3

99000327.vsd

Figure 150: The function of BLKCON represented by logic.

324



Apparatus control Chapter 9
Control

4.8
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Configuration

General

This part describes type solutions for connection to other application functions. All

functions are described in separate chapters. A standard configuration for asingle-

breaker bay with double busbars including five high-voltage apparatusés can be found
in an “Example configuration”. Figure 151 shows an overview of a circuit breaker mod-
ule that includes breaker-related optional functions. Note that the OR gates for the open
and close signals must have the same ex8ecution cyclicity as related protection func-
tion, that is, the breaker failure protection and autoreclosing functions.

Bl/Bo:
|
COMCON SWICONA(B) | oo
>1 : P
{ |
|
|
INT_LOCK :
Close
Interlocking SY_OK 21 ’
POL_DISC :
| |
FUSE
_‘ — AR

SYNx B

TRIP

LoV

Protection

99000130.vsd

Figure 151: Example of a breaker configuration including optional functionswithin a
control terminal.

Figure 152 shows an overview of a disconnector/earthing switch module.
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Figure 152: Overview of a disconnector/earthing switch configuration.

4.8.2 Communication between modules

Figure 153 is used as starting-point when explaining the signal flow between the differ-
ent function block in the apparatus-control function. The control program in figure 153
handles one bay, which includes two apparatuses.

Bay control

A v
@ BAYCON BLKCON

Apparatus 1

COMCON

(2) —»

A

Apparatus 2

COMCON SWICON

BLKCON
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A

®
i
5
2
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Figure 153: The signal flow between different modulesin a bay.
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When operating apparatus 1, the general procedureis as follow:

1. Commandto set valid operator place for the complete bay. This command can come
from station HM| or the local back-up panel. The command is given when thereis
need to change the operator place only.

2. COMCON receives commands to operate the apparatus. Only commands from the
valid operator place are accepted. The first command is arequest to select the appa-
ratus.

3. The BAY CON e ement receives the request from COM CON.

4. TheBAY CON element sendsasignal to other control programsto reservetheir bays
(if necessary). That is, no operation is allowed there. Acknowledgement signals
should be received. Other control programs can be placed in the same control termi-
nal or in other control terminals (bay-bay communication).

5. If everythingisOK, the select signal is passed through to the SWICON element and
is displayed on the station HMI.

6. The program is now prepared to receive the execute command from the operator.
7. The closing or opening command is sent to the selected apparatus.

Different kinds of errors can be detected.
Operator related errors, if too long time between:

* The select and the execute commands

* Arequestto override (reservation and/or interlocking) and the following select com-
mand

Apparatus-related errors, if too long time between:

* The apparatus starts to move
» The apparatus reaches the new position

Other apparatus-related errors:

» Pole discordance
» Command error (for example, when the apparatus is blocked or interlocked)

Other errors:

» Reservation failure
» Binary output board error
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Reservation function

Thereservation functionisprimarily amethod to transfer interlocking information from
other baysin asafe way.

To reserve other bays, the BAY CON bay control module needs interaction with the
baysthat must be reserved. Notethat only bays that must be reserved or need to reserve
other bays must have these connections.

The question of which bays that should be reserved by this bay is delivery specific. In
genera there are three ways:

Only the bays that influence the interlocking conditions must be reserved.

The whole voltage level must be reserved. All other bays on this busbar voltage level
must be blocked.

The whole station must be reserved. All other bays in the station must be blocked.

The connections to reserve the apparatuses within the own bay are shown in figure 154.
The timing diagram is shown in figure 155. The reservation function follows the steps
below:

1.

The op_SEL_O selection signal or op_SEL_C selection signal (op=operator place
R/S/L) in COMCON is activated when an apparatus is selected for operation. COM-
CON sets the RQ_SEL output.

The signal RQ_SEL activates the RE_BAYS output via RQ_SELXx in BAYCON for
reserving other bays. After successful acknowledgement from other bays, the select
output (SELX) is set to inform other elements that it has reached a reserved state. In
this state, it will not accept other requests, which ensures that no other operations are
possible in this bay.

After acknowledgement from all bays, the select output (SELx) from BAYCON ac-
tivates the SELECT in COMCON and allows the execute command to pass through.

. When SELECT in SWICON is activated, SWICON with the signals OPEN/CLOSE/

EXECUTE from COMCON gives an execution signal (open/close) using the output
signals SEL_OPEN/CLOS and EXE_OPEN/CLOS.

The signal SEL_RES resets the selection request (RQ_SEL) after successful opera-
tion (that is, new position reached) or command error. SEL_RES is active until SE-
LECT is reset.
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Figure 154: The reservation function within the own bay.
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Figure 155: Timing diagram for the reservation function.
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For reservation of other bays, signal exchange between the bays is necessary. The sig-
nalsto reserve other bays and signalsto reserve the own bay from other bays are shown
in figure 156, which describes the receiving part of the reservation function. Multiple
Command Function blocks are used to receive the information from other bays (see
document “Command function”).

The module BAYCON requests the reservation of other bays with RE_BAYS and
needs to know if other bays are reserved or not. It receives the acknowledgements on
the ACK_F_B inputs, which specifies that all bays are reserved and on ANY_ACK that
any bay is reserved. It also checks the communication status (V_TX).

The logic to gather these signals from the requested number of bays (in this example
from three bays X, Y, Z) is delivery specific and made outside the BAYCON module.

This is because the BAYCON is independent of the number of bays to communicate

with.

When the request is coming from another bay, there is one signal (RE_RQ_B) for res-
ervation request. V_RE_RQ is the signal for valid request from any bay.

The EX_DA_UP input signal indicates that the program that acknowledges the reser-
vation is running. This signal is not applicable in this application and can be set to
1=FIXD-ON.

With the inputs RE_Bx (x = 1,...8) set to 1= FIXD-ON, it is possible to suppress the
reservation of other bays at a request select (RQ_SEL) from a specific apparatus (1,...8)
in the own bay. That is, the BAYCON only reserves the own bay.

The signal BLK_RE blocks the reservation. That is, no reservation can be made from

the own bay or any other bay. This can be set via a binary input from an external device
to prevent operations from another operator place at the same time. This function can
be overridden in the own bay with the OVERRIDE signal, for example, from the HMI.
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Figure 156: The receiving part of the reservation function between bays.
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Figure 157 shows the sending part of the reservation function. From this part, the re-
guest (RE_BAYS) from BAY CON to reserve other bays (RE_RQ_B) are sent to other
bays by broadcast, that is, to all bays at the same time. Event Function blocks are used
to send the information to other bays (see document “Event function”).

The connection for acknowledgement (ACK_T_B) from BAYCON gives the result that
only the bay that asked for reservation gets the acknowledgement back.

EVENT
RE_BAYS

INPUT1 (RE_RQ_B)

ACK_T B
| & '7 INPUT2 (ACK_T_B_X)
X_RE_BAYS INPUT3 (ACK_T_B_Y)
o
INPUT4 (ACK_T_B_Z)
Y_RE_BAYS
Z RE_BAYS

Interlocking information INPUT 16

99000135.vsd
Broadcast sending to other bays

Figure 157: The sending part of the reservation function between bays

In REC561, one or more event function blocks are used to broadcast information from
one REC561. One or several REC561s are configured to receive this information. Each
command function block can only get information from one event function block.

The first bit in the event function block is used for reserve request (RE_RQ_B). This
signal must be steady, so the reserve request equals true means reserve and equals false
means release.

After this reserve request bit, there is one reserve acknowledgement bit (ACK_T_BXx)
for each bay that can reserve the bay. So if three bays can reserve the bay, three signals
are used.

ACK_T Biisreset after RE_RQ_B isreset. If the RE_RQ_B remains (for example due
to communication error), ACK_T_B is reset the T_CAN_RE time after V_RE_RQ is
reset.



Apparatus control Chapter 9
Control

After the reserve acknowledgement signals, the apparatus positions are needed for the
interlocking. This information can be of these types:

e Busbar A and busbar B is connected
e Busbar A and busbar B is disconnected

This means that the position for each apparatus is not distributed, if not needed.

If this interlocking information needs additional event blocks for sending, the first bit
of all the extra blocks is a reserve acknowledgement signal to acknowledge any bays,
see figure 158.

These steps can be defined for the complete execution:

» The command execution bay receives a request for operation, for example by a se-
lection from HMI.

» If the bay is reserved the command is cancelled.

 If other bays should be reserved, the reserve request bit is set in the event function
block.

» The request information is broadcasted to all other bays.

» The receiving bays put the data to the command function blocks in the different
bays.

» The bays that must be reserved, read the request from the command function block,
block all commands in the own bay, evaluate the apparatus positions, and set the in-

terlocking information and the reserve acknowledgement on the event function
block.

» The response is broadcasted to all other bays.

» The other bays configured to read this message put the data to the command function
blocks.

» The command executing bay receives reserve acknowledgement signals from all the
bays that were requested. If one or several bays do not respond within a predefined
time, the command is cancelled.

* When all reserve acknowledgement signals are received, the interlocking condition
is evaluated. If the command is allowed, it will be performed.

* When the command is executed, the reserve request bit is reset on all event function
blocks and broadcasted in the same way as the reserve request.

* The reset reserve request bit is interpreted as a release in the bay that was reserved
So the bay is free, and the reserve acknowledgement bit is reset on the event function
block and broadcasted back.

» The command executing bay waits until all reserve acknowledgement signals are re-
set. When this is done, the bay is ready for a new command.
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Example

Figure 158 illustrates the above described step-by-step command execution and bay-to-
bay communication.

The example station is a double busbar with only two lines and one bus coupler. The
bus coupler also handles the busbar earthing switches.

Inthisstation, Line 1 and Line 2 need information from the bus coupl er and the bus cou-
pler need information from Line 1 and Line 2. Figure 158 illustrates the station-wide
communication. The signals not used in the figure are removed.

The bus coupler has information for two event function blocks. But for the two lines,
one block is enough.

Besides these outputs, avalid bit is available on the command function blocks.
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Figure 158: The principle of the communication between bays.
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Figure 159: The principle of the communication between bays
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4.8.4

Operator place selection

The connectionsto the operator place selectors can be done as shown in figure 160,

where the remote/station selection is performed from the station HM1 and the selection
for thelocal control isperformed from aswitch onalocal panel. It hasabuilt-in priority
with Local ashighest, Station asintermediate and Remote aslowest priority. When two
or more inputs are set at the same time, the higher priority prevails. TheS Rand S S

inputs have pulse inputs. But the L_L requires a steady signal.

Bay commands
from station

all To other
MultCmdFunc BAYCON COMCON
in the bay
OUT13 S R
OuUT14 S_S
L L COMCON
Defined as pulse
outputs REMOTE REMOTE
From local switch STATION STATION
LOCAL LOCAL

99000133.vsd

Figure 160: Connection of operator place selection

Some applications require that the operator place selection must be performed without
any priority, that is, the desired operator places must be able to be set independent of
each other. Figure 161 shows an application example, where the operator from aswitch

on alocal panel can select either the position Off, Local, or Remote/Station/L ocal.

If

Off isselected, it isnot possible to operate from any place. If Local is selected, it is pos-

sible to operate only from the local panel.

If the switch is set to position Remote/Station/Local, it is always possible to operate

from the local panel and also from Remote or Station - independent of each other.

In

this example, it is possible to operate from remote, station and local operator places, if
the position Remoteis set in the station HMI. If the position Station is set in the station

HMI, it is possible to operate only from the station HMI and from the local panel.
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The pulse timer in the figure below sets automatically the operator place selection to
position Remote at start up of the terminal, if the switch on the local panel is set to po-
sition Remote/Station/Local . That means, in this example, that operation from all three
operator placesis possible.

—— | To other
| COMCON
in the bay
EVENT
INPUT13
INPUT14
|_ J —INPUT15
Bay commands &
from station HMI TS o) COMCON
MultiCmdFunc _ & * REMOTE
OUT13 Remote 0 mi —1R_Q —
oUT14 Station & . D.|
s Q & | =1 STATION
& L R 0| | e—d ¢— LOCAL
Defined as pulse
outputs
REM/STA/LOC
41 LOCAL >1 99000131.vsd
OFF
Figure 161: Application example of operator place selection without priority
4.8.5 Station HMI

The connection to the station HMI is made viaEVENT-block and MultCmdFunc-
block in a standardised way. Figure 162 shows the command connections between the
command blocks and the apparatus control modules. Figure 162 also shows how the
BLKCON modules are used.
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OuUT16 DBL_OP — BLK_CLOS

Defined as pulse outputs

Figure 162: Command connections between the station HMI

modules

99000333.vsd

and apparatus control

Figure 163 showsthe signal s from the apparatus control modulesfor one apparatus that
will be sent to the station HMI. The event input 7 can be connected to the tripping logic
to indicate on the station HMI that the circuit breaker was opened due to atrip from the
protection. Theinputs 3 and 4 are used only for event handling of the positions for one
poleof thecircuit breaker. For event handling of all three poles separately, an additional
Event Function block is needed.
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Figure 163: Event connections between the station HMI and appar atus control modules

Figure 164 shows bay-related signals that can be presented on the station HMI.



Apparatus control Chapter 9
Control

4.8.6

To station HMI

EVENT
Delivery Bay connected to busbar INPUT1
specific FIXD-OFF INPUT2
logic — INPUT3
INPUT4
BLKCONK 1 INPUTa
INPUT6
BLK OUT1 Control blocked for bay INPUT?7
BLK OUT2 Update blocked for bay L | INPUTS8
_ — INPUT9
INPUT10
— INPUT11
BAYCON  INPUT12
REMOTE INPUT13
STATION INPUT14
LOCAL r INPUT15
ACK_T B Bay reserve INPUT16
Apparatus 1
BLKCONL
BLK OUT1
21 Abnormal status for bay
SWICON
MA _UPD_P
POS ERR
POL_DISC
COMCON | | From [ ]
other .
OVERRIDE app.in)
the bay

99000335.vsd

Figure 164: Event connections between station HMI and bay-related signals

Remote control

The command signals from the remote-control gateway are transferred to the control
terminal via Single Command function blocks and can be arranged in away shownin
figure 165. All or some of the events defined for the station HMI can also be sent to the
remote control gateway.
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Figure 165: Control commands from remote-control gateway

Local panel (back-up panel)

The connection of an external local panel to the apparatus control modulesis done via
binary inputs. Figure 166 shows one example of a solution. This solution of local con-
trol considerstheinterlocking function. The panel can also be used as an back-up panel,
but the outputs from the panel are then connected directly to the high-voltage appara
tuses. The position indications are normally directly connected to the panel to get inde-
pendent information about the apparatus positions. At use as back-up panel, the select
and execute inputs into the control terminal must be blocked, for example, with AND
gates with the condition no back-up.
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i L~ To other
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Figure 166: Connection of an external local panel via binary input board to apparatus
control modules

Local HMI

The high-voltage apparatus can be operated from thelocal HMI viathe SingleCmdFunc

block. The SingleCmdFunc block, which must be accessible from the local HMI, can

be defined from the SMS. The naming of the signals in the SingleCmdFunc block can

be defined from the SM'S and the CAP 531 configuration tool. Figure 167 shows an ex-

ample how to connect a SingleCmdFunc block to the apparatus control modules. The
command dialogue from the local HMI is performed in two steps, see document “Com-
mand function”.
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Apparatus 1

From BAYCON —LOCAL | COMCON
21 LOCAL
r L_SEL_O
L_SEL_ C
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SingleCmdFunc N Pulse - ] L CLOSE
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Apparatus 1 close
OuUT2 (=&
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Figure 167: Connections between a SngleCmdFunc-block controlled from the local
HMI and the apparatus control modules

Interlocking

Figure 168 showsthe connection between an interlocking modul e and apparatus control
modules. The input is activated when the apparatus is interlocked. The interlocking in-
formation within the control terminal are taken from the binary input boards. Informa-
tion from other bays are transferred over the station bus. The section 4.8.3 "Reservation
function" describes the method for transferring these data.

COMCON
OVERRIDE
SWICON

Interlocking terlocked
Signals from ((— ITL & INT_LOCK
binary input
boards and
from other
bays —

99000339.vsd

Figure 168: Connection of an interlocking module to apparatus control modules
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Synchrocheck with phasing

Connections between the apparatus control modules and the synchrocheck/phasing
function can be made either for the built-in synchrocheck/phasing module or for an ex-
ternal synchrocheck relay, for example, type RASC. External synchronization equip-
ment can aso be connected to the apparatus control modules. Figure 169 shows the
connections for a combined synchrocheck/phasing function that checks the synchro-
check condition continuousdly and givesasignal on SY_OK if thereis synchronism. If
the synchrocheck conditions are not fulfilled, the phasing function will start and give a
command pulse when the phasing conditions are fulfilled. Thisisthe normal applica-
tion when the built-in synchrocheck/phasing function is used. Note that the AND/OR-
gates connected between the output CLOSECB of the phasing module and the output
board must be running with fast execution cyclicity. Theinterlocking condition for the
breaker closing is connected to the BLOCK input of the module.

To close the breaker via the apparatus control function, SWICON can activate the
EXE_CLOS output at the activation of the SY_OK signal when the CLOSE and EXE-
CUTE inputs are already set and also when the SEL_CL OS output is set. The input
SY_RUN isset to FIXD-ON. Figure 169 also shows an example of how to bypass the
synchrocheck/phasing function by a command from the station HMI.

COMCON SWICONA
CLOSE CLOSE
EXECUTE EXECUTE

SEL_CLOS

EXE_CLOS —| &
L Timer
INPUT To

& FIXD_ON— SY_RUN 21 — output
ON SY_FAIL B board
SY_OK

MultCmdFunc Bs);?]acshs To Event
ouUT14 S function block
>1
R
SynchroCheck
MANOK
Phasing
START Close
& command
Interlocking CLOSECB
QOCLITL — BLOCK
99000340.vsd
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Figure 169: Connection example for the built-in synchrocheck/phasing module and the
apparatus control modules

Figure 170, figure 171, and figure 172, show three alternatives of configurationsfor the
SWICONB module when an external synchrocheck or synchronization relay is used.
For aternative 1 in figure 170, the synchronization starts when the line and busbar volt-
ages are connected to the synchrocheck relay. For aternative 2 in figure 171, the syn-
chrocheck relay continuously checks the synchronization condition. Alternative 2 can
also usethe solution infigure 169 if the close command from the synchrocheck relay is
connected viaabinary input to the SY_OK input on SWICONA. Alternative 3infigure
172 shows the connection to an externa synchronization equipment, for example, type
RES 010.

For the external synchronization relay, the close command isnormally handled outside
the control terminal. At the close command from the operator, COMCON activatesthe
EXECUTE output and SWICONB the SEL_CLOS and EXE_CLOS outputs. SWI-
CONB hastwo inputs SY_RUN and SY_FAIL, which need the status information of
the synchronization sequence. The SY_RUN signal can be connected from the synchro-
nization relay, so it will be activated when the synchronization relay isin progress and
waiting for its close command.

The feedback signa of the close command in the figures 170 and 171 is used to start
the supervision timer T_START, which supervises the movement of the drive, that is,
the position change from open (01) -> 00.
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Figure 170: Connection examplefor external synchrocheck equipment and the appara-
tus control modules, alternative 1
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Figure 171: Connection examplefor external synchrocheck equipment and the appara-
tus control modules, alternative 2.
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Figure 172: Connection example for external synchronization equipment and the appa-
ratus control modules, alternative 3

Infigure 169 to figure 172, the SY_FAIL input supervises the synchronization time. I
the relay does not reach synchronism within a certain time, SY_FAIL is activated and
resets the complete operation sequence.

Autoreclosing

Figure 173 showsthe interaction between the autoreclosing (AR) module and the appa-
ratus control modules. The OR gate for the close signal must have the same execution
cyclicity as the autoreclosing module. The signal BLK_AR from SWICON is used to
block the autoreclose function at the moment the circuit breaker is under operation.
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Circuit breaker

SWICONA(B)
SEL_CLOS &
EXE_CLOS >1 | CLOSE To output board
AR
(AR_SEL) CLOSECB
BLK_AR |— INHIBIT
99000344.vsd

Figure 173: Connections between autoreclosing (AR) module and apparatus control
modules.

If the autoreclose function is used with external selection relays according to the prin-

ciples described in figure in “Selection relay supervision” in “BAYCON?”, the input
AR_SEL in SWICON is used to select the breaker without any condition checks. When
AR_SEL is set, the output SEL_CLOS is activated directly. The close signal from the
autoreclose function is connected via the OR gate for close commands in a normal way.

Protections

The protection functions are normally running independent of the apparatus control
modules. The trip signals from the protection modules included in the control terminal
are connected via the tripping logic function. If a three-phase circuit breaker is used, the
GTRIP general trip signal from the tripping logic can be connected to the same open
output as for the manual control from SWICON via an OR gate (see figure 174). Here,
the OR gate must have the same execution cyclicity as the tripping logic module.
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Trip_logic
GTRIP

99000345.vsd

Figure 174: Connections between the tripping logic and the apparatus control mod-
ules.

4.8.13 Pole discordance protection

The pole discordance function included in the SWICONA(B) is based on checking the
positions of the auxiliary contacts on the breaker. The connection of the trip signal is
made according to figure 175 and to the output board in the same way as for other pro-
tections (See 4.8.12 "Protections"). The T_POL time delay to trip is set to 2 seconds as
adefault value. Since only one tripping logic is available in the control terminal, the
POL_DISC output is connected directly to the OR gate for the open command, if more
than one circuit breaker isincluded in the terminal.

Circuit breaker
SWICON

SEL_OPEN
EXE_OPEN

POL_DISC
2— T_POL —‘

| OPEN_ To output board

Trip_logic
GTRIP
EXTTRIP

99000346.vsd

Figure 175: Connection of the pole discordancetrip from SWICON via thetripping log-
ic
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Automatic functions

Using the same methods as for ordinary commands that come from different operator

places, there are inputs (sel ect/execute/cancel) to be connected from other application

programsin theform of automatic functions. These programs can belocated in the same
control terminal, in another terminal, or in a station computer.

One usage for automatic programsis when the apparatuses are included in a sequence,
for example, a busbar transfer. Figure 176 shows the signals connected to the COM-
CON module.

COMCON

— AU_SEL_O
" |AU_SEL C
For example, outputs from AU _OPEN
a sequence program " | AU_CLOSE
. | AU_CANC
—{ SEL_SEQ

AU MODE To sequence

= | program or/and
SEQ_STA the station HMI

99000347.vsd
Figure 176: Connections to automatic functions

Command output module

The command outputs from the apparatus control modules can be connected to the out-
put modulein different ways depending on functionality. The output modul e has super-
vised outputs. That is, the output relays are continuously supervised in away that an
unwanted activation is detected, which stops the continuation of the operation. Thisis
performed by using the ERROR signal connected to BLKCONL for blocking the com-
mand. To get a secure command, two contacts are connected in series. The following
figures show exampl es of different configurations. The terminal diagram for the binary
output modul e shows detailed information about the terminal numbering.
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Figure 177: Sngle pole command outputs with supervision

Figure 177 and figure 178 are the standard configurations during operation of high-volt-
age apparatuses. The double pole command is normally used to avoid an unwanted op-
eration of the apparatuses, due to an earth fault in the switchyard. The output moduleis
very flexible. So users can mostly find solutions for their own requirements.
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Figure 178: Double pole command outputs with supervision

Figure 179 shows the configuration of single outputs used for purposes other than op-
erating high-voltage apparatuses. Here the ERROR signal is connected to an event
function block for alarming or as a condition for another application. The security is
limited compared to the solutions above - with two contacts in series.

o ' Binary ' Switchyard/
For alamming ipphcauon software | Output I control room
I Module I
I/0O-module | |
ERROR i ‘———T————Q%—-
on/off — BO1 ---------}----- |_BO.01__ A\ !
on/off —{ BO2 --------- IR |
BO3 b L
BO4 B .
. .__I_B_O_.QZ___\ |
| |
BO24 ! ; -
|
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Figure 179: Single output commands
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Interlocking

Overview

Application
The interlocking of switchgear operation can have two main purposes.

» To avoid dangerous or damaging operation of switchgear

» To put restrictions on the operation of the substation for other reasons e.g. load con-
figuration. Examples of the latter are to limit the number of parallel transformers to
a maximum of two or to assure that energizing is always made from one side, for
example, the high voltage side of a transformer.

This document only deals with the first point, and only with restrictions caused by
switching devices other than that one to be controlled. This means that switch interlock,
because of device alarms, is not part of this document.

Disconnectors and earthing switches have a limited switching capacity. Disconnectors
are allowed to operate:

» With basically zero current. The circuit is open at one side and has a small extension.
The capacitive current is small (for example < 5A) and power transformers with in-
rush current are not allowed.

» To connect or disconnect a parallel circuit carrying load current. The switching volt-
age across the open contacts is thus virtually zero, thanks to the parallel circuit (for
example < 1% of rated voltage). Paralleling of power transformers is not allowed.

Earthing switches are allowed to connect and disconnect earthing of isolated points.
Due to capacitive or inductive coupling there may be some voltage (for example < 40%
of rated voltage) before earthing and some current (for example < 100A) after earthing
of a line.

Circuit breakers are usually not interlocked. Closing is only interlocked against running

disconnectors in the same bay, and the bus-coupler opening is interlocked during a bus-
bar transfer.
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As conditions for operational interlocking, the positions of all switching devices of a
bay and from some other bays are used. Conditions from other stations are usually not
available. So aline earthing switch is usually not fully interlocked. The operator must
be convinced that the lineis not energized from the other side before closing the earth-
ing switch. Asan option, avoltage indication can be used for interlocking. Take careto
avoid a dangerous enable condition at loss of VT secondary voltage, for example, be-
cause of ablown fuse.

The switch positions used in the operational interlocking logic are obtained from aux-
iliary contacts or position sensors. For each end position (open or close) atrueindica-
tion is needed - thus forming a double indication. The apparatus control function
continuously checksitsconsistency. If neither conditionishigh (1 or TRUE), the switch
may be in intermediate position, for example, moving. This moving state may bein
progress a certain time, for example, 10 seconds for disconnectors. Should both indica-
tions stay low for alonger time, the position indication is interpreted as unknown. If
both indications stay high, then there is something wrong, and the stateis again treated
as unknown. In both cases an alarm is given to the operator. Indications from position
sensors shall be self-checked and system faults indicated by afault signal. In the inter-
locking logic, the signals are used to avoid dangerous enable or release of operation
conditions. Unknown positions are not allowed to release operation.

For switches with individual operation gear per phase, the evaluation must consider
possible phase discrepancies. Thisis done by an AND-function for all three phases of
respectively open and closeindication of each apparatus. Thisleadsto an unknown dou-
ble indication state in case of phase discrepancies.

Functionality

Theinterlocking function consists of software moduleslocated in each control terminal.
The function is distributed and not dependent on any central function. Communication
between modules in different bays is performed via the station bus.

The basic method is the use of the reservation function (see the section of apparatus
control). This method ensures that the position of the HV apparatuses are not changed
during the time gap, which arises between the position updatings. This can occur by re-
serving al of those HV apparatuses by means of the communication system, which
might influence the interlocking condition of the intended operation. Thereservationis
intended to remain until the operation is performed.

After the selection and reservation of an apparatus, the function hasfull information on
al positions of the apparatuses in the switchyard that are affected by the selection. This
status cannot be affected by other operators because the selection is blocked for all ap-
paratuses of which the status isimportant for the selected one.
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The positions of the HV apparatuses are inputs to software modules distributed in the
control terminals. Each module contains the interlocking logic for abay. Theinterlock-
ing logicin amodule is different, depending on the bay function and the switchyard ar-
rangements, that is, double-breaker or 1 1/2 breaker bays have different modules.
Specific interlocking conditions and connections between standard interlocking mod-
ules are performed by an engineering tool. The signalsinvolved in the bay-level inter-
locking can consist of these types:

» Positions of HV apparatuses (sometimes per phase)

» Valid positions (if evaluated in the control module)

» External release (to add special conditions for release)
» Line voltage (to block operation of line earthing switch)
» Output signals to release the HV apparatus

The interlocking module is connected to the surrounding functions within a bay as
shown in figure 180.

Interlocking
modules in
other bays

# Control module —

Interlocking
module Control module >K
Control module 4

en01000145.vsd

Figure 180: Interlocking module on bay level.

The communication between different bays is performed via the station bus and can
consist of signals of these types:

* Unearthed busbars
» The busbars are connected together
» Other bays connected to a busbar

Received data from other bays are valid. Figure 181 shows the principle of data ex-
change.
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Figure 181: Data exchange between interlocking modul es.

The interlocking function in abay that uses invalid data as conditions does not give a
release for command. Invalid data of positions of HV apparatuses can be obtained, for
example, at intermediate positions, loss of a control terminal, or at input board error.

On the station HM1 an override function exists, which can be used to bypass the inter-
locking function if not all available data for the condition are valid.

For al interlocking modules these general rules apply:
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» The interlocking conditions for opening or closing of disconnectors and earthing
switches are always identical.

» Earthing switches at line feeder end, e.g. rapid earthing switches, are normally inter-
locked only with reference to the conditions in the bay where they are located, not
with reference to switches on the other side of the line. So a line voltage indication
may be included into line interlocking modules. If there is no line voltage supervi-
sion within the bay, then the appropriate inputs must be setvioltage, and the
operator must consider this when operating.

» Earthing switches can only be operated at isolated sections e.g. without load/voltage.
Circuit breaker contacts cannot be used for isolating of a section, i.e. the status of the
circuit breaker is irrelevant for earthing switch operation.

» Disconnectors cannot break power current or connect different voltage systems. Dis-
connectors in series with a circuit breaker can only be operated if the circuit breaker
is open, or if the disconnectors operate in parallel to other closed connection. Other
disconnectors can be operated if one side is completely isolated, or if the disconnec-
tors operate in parallel to other closed connection, or if they are earthed on both
sides.

» Circuit breaker closing is only interlocked against running disconnectors in its bay
or additionally in a transformer bay against the disconnectors and earthing switch on
the other side of the transformer, if there is no disconnector between CB and trans-
former.

» Circuit breaker opening is only interlocked at a bus-coupler bay, if a bus bar transfer
is in progress.

Design

General

The implementation of the interlocking is decentralised to each bay. There are different

interlocking modules dependent on the topology kind of the substation (breaker and a

half or various bus bar arrangements) and the bay types. The interlocking logic for each
module is specified in boolean algebra for the switch states. To keep their amount easy
to handle, only operating sequences in normal service are permitted. For other uncom-
mon operations, the command handling has an interlock override feature.

Standard modules

To make the implementation of the interlocking function easy, several standard mod-
ules are available:
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e Line for double and transfer busbars, ABC_LINE

* Bus coupler for double and transfer busbars, ABC_BC

» Transformer bay for double busbars, AB_TRAFO

* Bus-section breaker for double busbars, A1A2_BS

* Bus-section disconnector for double busbars, A1A2 DC
* Busbar earthing switch, BB_ES

» Double CB bay, DB_BUS_A, DB_LINE, DB_BUS_B

» 11/2-CB diameter, BH_LINE_A, BH_CONN, BH_LINE_B

In REC 561, these standard modules are available:

For one bay:
e AlA2 DC and
e 3pcsBB_ES

and either

e AB_TRAFO or

« ABC_LINE or

« ABC _BCor

« AlA2 BSor

- DB _BUS ADB _LINE, DB_BUS B

Option for up to three single breaker bays, two double breakers bays, or one 1 1/
2 breaker diameter:

* 2pcs A1A2_DC and

e 6pcs BB _ES and

« DB_BUS_A, DB_LINE, DB_BUS_B and
« BH_LINE_A, BH_CONN, BH_LINE_B

and either

» AB_TRAFO or

* ABC_LINE or

« ABC_BCor

« AlA2 BSor

« DB_BUS_A,DB_LINE, DB_BUS B
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and either

 AB_TRAFO or
 ABC_LINE or
« ABC _BCor

« AlA2 BS

and either

 AB_TRAFO or
 ABC_LINE or
« ABC_BCor

« AlA2 BS

Option for two 1 1/2 breaker diameters:
* 2pcs A1A2_DC and
e 6pcsBB _ES

and either

» AB_TRAFO or

 ABC_LINE or

« ABC _BCor

« Al1A2 BSor

« DB_BUS_A,DB_LINE, DB_BUS B

and

* 2pcs BH_LINE_A, 2 pcs BH_CONN, 2 pcs BH_LINE_B

The selection of the different options is made during ordering. The selection of standard
modules within the different options of REC 561 is made by a Function Selector tool
included in the CAP 531 Configuration tool.
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Communication between modules

The interlocking module is implemented per bay, which needs the status indication of
al switching devices of the own bay itself and some switching devices of other bays.
The communication between modulesin different baysis performed viathe station bus.
For each bay-bay communication direction, there is a need for two communication el-
ements, one for sending and one for receiving. For sending, an Event Function block is
used, and for receiving, a Multiple Command Function block is used.

The command function block supervises the transmission itself. Each communication
error resultsin a deactivation of the data valid signal in the command function block,
which isused as a condition in the interlocking logic.

The section “Apparatus Control”, describes how the interlocking information is ex-
changed between the bays and also the reservation mechanism.

5.1.4 Configuration

The following sections describe how the interlocking for a certain switchgear configu-
ration can be realised by using standard interlocking modules and their interconnec-
tions. They also describe the parameter settings. The EXVVA_xx input signals, which
are normally not used, are always set to 1=FIXD-ON. The inputs for delivery specific
conditions (QxEXy) are set to 1=FIXD-ON, if they are not used except:

* Q9EX2 and Q9EX4 in modules BH_LINE_A and BH_LINE_B
¢« QOEX3 in module AB_TRAFO

which are set to 0=FIXD-OFF.

5.2 Interlocking for line bay

The interlocking module ABC_LINE is used for a line connected to a double busbar ar-
rangement with a transfer busbar according to figure 182. The module can also be used
for a double busbar arrangement without transfer busbar or a single busbar arrangement
with/without transfer busbar.
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A (BB1)
B (BB2)
C (TB)
doitoz o7
Q51
|
Qo0 —
Q52
—+-Q9 —
IQ

1

A\ -

99000353.vsd

Figure 182: Switchyard layout ABC_LINE

5.2.1 Configuration
The signals from other bays connected to the module ABC_LINE are described below.

Signals from bypass busbar
To derivethe signals:

Signal

C_DC_OP All line disconnectors on bypass C except in the own bay are open.

VP_C DC The switch status of C_DC is valid.

EXDU_BPB Signal if no transmission error from any bay connected to a bypass busbar.

These signals from each line bay (ABC_LINE) except that of the own bay are needed:
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Signal
Q70PTR Q7 is open
VPQ7TR The switch status Q7 is valid.
EXDU_BPB Signal if there is no transmission error from the bay that contains the above

information. This signal is taken from the data valid output on the command
function block.

For bay n, these conditions are valid:

Q70PTR (bayl) — |
Q70PTR (bay2) ——1 & [ C.DCOP

Q70PTR (bay n-1)

VPQ7TR (bay1l) — |
VPQ7TR (bay?) — & [ VP_CDC

VPQ7TR (bay n-1)

EXDU BPB (bay1l) — |
EXDU BPB (bay2) —— & [ EXDU_BPB

EXDU_BPB (bay n-1)

99000361.vsd

Figure 183: Sgnals from bypass busbar in line bay n

Signals from bus coupler
If the busbar is divided by bus-section disconnectors into bus sections, the busbar-bus-

bar connection could exist viathe bus-section disconnector and bus-coupler within the
other bus section.
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Al Section 1 ; Section 2 A2
Bl } B2
C C
L Jf LT Jf A1A2 DC(BS) L Jf LT Jf
B1B2_DC(BS)
ABC_LINE ABC BC ABC_LINE ABC_BC

99000362.vsd

Figure 184: Busbars divided by bus-section disconnectors (circuit breakers)

To derivethe signas:

Signal

BC_AB_CL
BC_AC_OP
BC_AC_CL
BC_BC_OP
BC_BC_CL
VP_BC_AB
VP_BC_AC
VP_BC_BC

EXDUP_BC

Signal if a bus-coupler connection exists between busbar A and B.
Signal if there is no bus-coupler connection between busbar A and C.
Signal if a bus-coupler connection exists between busbar A and C.
Signal if there is no bus-coupler connection between busbar B and C.
Signal if a bus-coupler connection exists between busbar B and C.
The switch status of BC_AB is valid.

The switch status of BC_AC is valid.

The switch status of BC_BC is valid.

Signal if there is no transmission error from bay BC (bus-coupler bay).

These signals from each bus-coupler bay (ABC_BC) are needed:

Signal
BCABCLTR

BCACOPTR

BCACCLTR

Signal if a bus-coupler connection through the own bus coupler exists
between busbar A and B.

Signal if there is no bus-coupler connection through the own bus coupler
between busbar A and C.

Signal if a bus-coupler connection through the own bus coupler exists
between busbar A and C.
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Signal
BCBCOPTR

BCBCCLTR

VPBCABTR
VPBCACTR
VPBCBCTR
EXDUP_BC

Signal if there is no bus-coupler connection through the own bus coupler
between busbar B and C.

Signal if a bus-coupler connection through the own bus coupler exists
between busbar B and C.

The switch status of BC_AB is valid.
The switch status of BC_AC is valid.
The switch status of BC_BC is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

These signalsfrom each bus-section disconnector bay (A1A2_DC) are al so needed. For
B1B2_DC, corresponding signals from busbar B are used. The same type of module
(A1A2_DC) isused for different busbars, that is, for both bus-section disconnector
A1A2 DCand B1B2_DC.

Signal
DCOPTR
DCCLTR
VPDCTR
EXDUP_DC

Signal if the bus-section disconnector is open.
Signal if the bus-section disconnector is closed.
The switch status of ALA2_DC is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

If the busbar isdivided by bus-section circuit breakers, the signals from the bus-section
coupler bay (A1A2_BS), rather than the bus-section disconnector bay (A1A2 _DC)
must be used. For B1B2_BS, corresponding signals from busbar B are used. The same
type of module (A1A2_BYS) is used for different busbars, that is, for both bus-section
circuit breakers A1A2 BSand B1B2_BS.
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Signal
A1A20PTR

A1A2CLTR

VPA1A2TR

EXDUP_BS

Signal if there is no bus-section coupler connection between bus sections
Al and A2.

Signal if a bus-section coupler connection exists between bus sections Al
and A2.

The switch status of A1A2_DC is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

For aline bay in section 1, these conditions are valid:
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BCABCLTR (sect.1)

DCCLTR (A1A2)
DCCLTR (B1B2)
BCABCLTR (sect.2)

VPBCABTR (sect.1)
VPDCTR (A1A2)
VPDCTR (B1B2)

VPBCABTR (sect.2)

BCACOPTR (sect.1)
DCOPTR (A1A2)
BCACOPTR (sect.2)
BCACCLTR (sect.1)
DCCLTR (A1A2)
BCACCLTR (sect.2)

VPBCACTR (sect.1)
VPDCTR (A1A2)
VPBCACTR (sect.2)

BCBCOPTR (sect.1)

DCOPTR (B1B2)
BCBCOPTR (sect.2)

BCBCCLTR (sect.1)

DCCLTR (B1B2)
BCBCCLTR (sect.2)

VPBCBCTR (sect.1)
VPDCTR (B1B2)
VPBCBCTR (sect.2)

EXDUP_BC (sect.1)
EXDUP_DC (A1A2)
EXDUP_DC (B1B2)
EXDUP_BC (sect.2)

>1
&

&

&
>1

>1
&

&

&
>1

>1
&

&

BC_AB_CL

VP_BC_AB

BC_AC_OP

BC_AC_CL

VP_BC_AC

BC_BC_OP

BC_BC_CL

VP_BC_BC

EXDUP_BC

99000363.vsd

Figure 185: Sgnalsto a line bay in section 1 fromthe bus-coupler baysin each section

For aline bay in section 2, the same conditions as above are valid by changing section
1 to section 2 and vice versa.
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Parameter setting

If there is no bypass busbar and therefore no Q7 disconnector, then the interlocking for
Q7 isnot used. The statesfor Q7, Q75, C_DC, BC_AC, BC_BC are set to open by set-
ting the appropriate modul e inputs as follows. In the functional block diagram, 0 and 1
are designated 0=FIXD-OFF and 1=FIXD-ON:

.« Q7. 0P=1
Q7 CL=0

. Q75 0P=1
e Q75 CL=0

- CDCOP=1

-« BCACOP=1
« BC_AC CL=0
-« BCBC OP=1
« BC_BC CL=0

« EXDU_BPB=1

« VP.C DC=1
« VP BC_AC=1
-« VP BC BC=1

If there is no second busbar B and therefore no Q2 disconnector, then the interlocking
for Q2 is not used. The state for Q2, Q25, BC_AB, BC_BC are set to open by setting

the appropriate module inputs as follows. In the functional block diagram, 0 and 1 are
designated 0=FIXD-OFF and 1=FIXD-ON:

- Q2 OP=1
- Q2.CL=0

Q25 OP=1
Q25 CL=0
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« BC_AB.CL=0
« BC_BCOP=1
« BC_BC_ CL=0

-« VP BC AB=1

5.3 Interlocking for bus-coupler bay

5.3.1 Configuration

The signals from other bays connected to the bus-coupler module ABC_BC are de-
scribed below.

Signals from all feeders
To derive the signals:

Signal

BBTR_OP Signal if no busbar transfer is in progress concerning this bus coupler.
VP_BBTR The switch status of BBTR is valid.

EXDUP_AB Signal if there is no transmission error from any bay connected to the AB

busbars.

These signals from each line bay (ABC_LINE), each transformer bay (ABC_TRAFO),
and bus-coupler bay (ABC_BC), except the own bus-coupler bay are needed:

Signal
Q1Q20PTR Signal if Q1 or Q2 or both are open.
VPQ1Q2TR The switch status of Q1 and Q2 are valid.

EXDUP_AB Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

For bus-coupler bay n, these conditions are valid:
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Q1Q20PTR (bay 1)

Q1Q20PTR (bay?) —— & [ BBTR.OP

Q1Q20PTR (bay n-1)

VPQ1Q2TR (bay1l) —
VPQ1Q2TR (bay2) — & [ VP_BBIR

VPQ1Q2TR (bay n-1)

EXDUP_AB (bay1l) — |
EXDUP_AB (bay2) ——1 & [ EXDUP_AB

EXDUP_AB (bay n-1)

99000364.vsd

Figure 186: Sgnalsfrom any bays in bus-coupler bay n

If the busbar is divided by bus-section disconnectors into bus sections, the signals
BBTR are connected in parallel - if both bus-section disconnectors are closed. So for
the basic project-specific logic for BBTR above, add thislogic:

Al Section 1 : Section 2 AD
B1 } B2
C C
L JF LT Jf A1A2_DC(BS) L JF LT JF )
B1B2_DC(BS) ABC_BC
ABC_LINE ABC_BC ABC_LINE AB_TRAFO

99000365.vsd
Figure 187: Busbars divided by bus-section disconnectors (circuit breakers)

Thefollowing signals from each bus-section disconnector bay (A1A2_DC) are needed.
For B1B2_DC, corresponding signalsfrom busbar B are used. The sametype of module
(A1A2 DC) isused for different busbars, that is, for both bus-section disconnector
A1A2 DCand B1B2 DC.
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Signal
DCOPTR Signal if the bus-section disconnector is open.
VPDCTR The switch status of ALA2_DC is valid.
EXDUP_DC Signal if there is no transmission error from the bay that contains the above

information. This signal is taken from the data valid output on the command
function block.

If the busbar isdivided by bus-section circuit breakers, the signals from the bus-section
coupler bay (A1A2_BS), rather than the bus-section disconnector bay (A1A2_DC),
have to be used. For B1B2_BS, corresponding signals from busbar B are used. The
same type of module (A1A2_BS) isused for different busbars, that is, for both bus-sec-
tion circuit breakers A1A2 BSand B1B2 BS.

Signal
A1A20PTR

VPA1A2TR

EXDUP_BS

Signal if there is no bus-section coupler connection between bus sections
Al and A2.

The switch status of A1A2_DC is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

For a bus-coupler bay in section 1, these conditions are valid:
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BBTR_OP (sect.1)

DCOPTR (A1A2)
DCOPTR (B1B2)
BBTR_OP (sect.2)

VP_BBTR (sect.1)
VPDCTR (A1A2)
VPDCTR (B1B2)

VP_BBTR (sect.2)

EXDUP_AB (sect.1)
EXDUP_DC (A1A2)
EXDUP_DC (B1B2)
EXDUP_AB (sect.2)

- BBTR_OP
&

& —— VP_BBTR
& —— EXDUP_AB

99000366.vsd

Figure 188: Sgnalsto a bus-coupler bay in section 1 from any bays in each section

For abus-coupler bay in section 2, the same conditions as above are valid by changing

section 1 to section 2 and vice versa.

Signals from bus coupler

If the busbar is divided by bus-section disconnectors into bus sections, the signals
BC_AB from the busbar coupler of the other busbar section must be transmitted to the
own busbar coupler if both disconnectors are closed.

Al Section 1 ; Section 2 A2

Bl } B2

C C
L Jf A1A2 DC(BS) L Jf

ABC_BC

B1B2_DC(BS)

ABC_BC

99000367.vsd

Figure 189: Busbars divided by bus-section disconnectors (circuit breakers)

To derivethe signas:
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Signal

BC_AB_CL
VP_BC_AB
EXDUP_BC

Signal if an other bus-coupler connection exists between busbar A and B.
The switch status of BC_AB is valid.

Signal if there is no transmission error from bay BC (bus-coupler bay).

These signals from each bus-coupler bay (ABC_BC), except the own bay are needed:

Signal
BCABCLTR

VPBCABTR

EXDUP_BC

Signal if a bus-coupler connection through the own bus coupler exists
between busbar A and B.

The switch status of BC_AB is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

These signalsfrom each bus-section disconnector bay (A1A2_DC) are also needed. For
B1B2_DC, corresponding signals from busbar B are used. The same type of module
(A1A2_DC) isused for different busbars, that is, for both bus-section disconnector
A1A2 DCand B1B2_DC.

Signal
DCCLTR
VPDCTR
EXDUP_DC

Signal if the bus-section disconnector is closed.
The switch status of ALA2_DC is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

If the busbar isdivided by bus-section circuit breakers, the signals from the bus-section
coupler bay (A1A2_BS), rather than the bus-section disconnector bay (A1A2_DC),
must be used. For B1B2_BS, corresponding signals from busbar B are used. The same
type of module (A1A2 BYS) isused for different busbars, that is, for both bus-section
circuit breakers A1A2 BSand B1B2_BS.
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Signal
A1A2CLTR Signal if a bus-section coupler connection exists between bus sections Al
and A2.
VPA1A2TR The switch status of Q0, Q11 and Q12 are valid.
EXDUP_BS Signal if no transmission error from the bay containing the above informa-

tion. This signal is taken from the data valid output on the command func-
tion block.

For abus-coupler bay in section 1, these conditions are valid:

DCCLTR (A1A2)
BCABCLTR (sect.2)

VPDCTR (A1A2)
VPBCABTR (sect.2)

EXDUP_DC (A1A2)

DCCLTR (B1B2) — 1 & BC_AB_CL
VPDCTR (B1B2) —— 1 & [ VP_BC_AB
L EXDUP_BC

EXDUP_DC (B1B2) — 1 &
EXDUP BC (sect2) ——

99000368.vsd

Figure 190: Sgnalsto a bus-coupler bay in section 1 from a bus-coupler bay in an oth-
er section

For abus-coupler bay in section 2, the same conditions as above are valid by changing
section 1 to section 2 and vice versa.

Parameter setting

If there is no bypass busbar and therefore no Q20 and Q7 disconnectors, then the inter-
locking for Q20 and Q7 is not used. The states for Q20, Q7, Q75, BC_AB are set to
open by setting the appropriate module inputs as follows. In the functional block dia-
gram, 0 and 1 are designated O=FIXD-OFF and 1=FIXD-ON:

Q20 OP =1
Q20 CL=0

Q7 OP=1
Q7 CL=0
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. Q75 0P=1
« Q75 CL=0

« BC_AB CL=0

If there is no second busbar B and therefore no Q20 and Q2 disconnectors, then the in-
terlocking for Q20 and Q2 are not used. The states for Q20, Q2, Q25, BC_AB, BBTR
are set to open by setting the appropriate module inputs as follows. In the functional
block diagram, 0 and 1 are designated 0=FIXD-OFF and 1=FIXD-ON:

. Q20 0OP=1
« Q20 CL=0
- Q2 0OP=1
.« Q2.CL=0
. Q25 0P=1
e Q25 CL=0

« BC_AB.CL=0
« BBTR OP=1

Interlocking for transformer bay

The interlocking module AB_TRAFO is used for a transformer bay connected to a dou-
ble busbar arrangement according to figure 191. The module is used when there is no
disconnector between circuit breaker and transformer. Otherwise, the module
ABC_LINE can be used. This module can also be used for a single busbar arrangement.



Interlocking Chapter 9
Control

A (BB1)
B (BB2) —
+ Q1 4+Q2
|Q51
Q0 ! J:_ >~ Module AB_TRAFO
=
g i -
ITQSl
TQO J:_ TQO and TQ52 are not used as interlocking
TQ52 conditions
|
4-TQ1 LTQ2 J:—

99000355.vsd

Figure 191: Switchyard layout AB_TRAFO

5.4.1 Configuration
The signalsfrom other bays connected to the module AB_TRAFO are described below.

Signals from bus coupler

If the busbar is divided by bus-section disconnectors into bus sections, the busbar-bus-
bar connection could exist via the bus-section disconnector and bus coupler within the
other bus section.

Al Section 1 : Section 2 A2
Bl } B2
C C
I +A1A2_DC(BS) I Jf
B1B2_DC(BS)
AB_TRAFO ABC BC AB_TRAFO ABC_BC

99000369.vsd

Figure 192: Busbars divided by bus-section disconnectors (circuit breakers)
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The project-specific logic for input signals concerning bus coupler are the same as the
specific logic for the line bay (ABC_LINE):

Signal

BC_AB_CL Signal if a bus-coupler connection exists between busbar A and B.
VP_BC_AB The switch status of BC_AB is valid.

EXDUP_BC Signal if there is no transmission error from bay BC (bus-coupler bay).

Thelogicisidentical to the double busbar configuration described in " Signalsfrom bus
coupler”.

Parameter setting

If there is no second busbar B and therefore no Q2 disconnector, then the interlocking
for Q2 isnot used. The state for Q2, Q25, BC_AB are set to open by setting the appro-
priate moduleinputs asfollows. Inthefunctional block diagram, 0 and 1 are designated
0=FIXD-OFF and 1=FIXD-ON:

.« Q2OP=1
.« Q2 CL=0

. Q25 0P=1
e Q25 CL=0

« BC_AB.CL=0

If there is no second busbar B at the other side of the transformer and therefore no TQ2
disconnector, then the state for TQ2 is set to open by setting the appropriate module in-
puts as follows:

« TQ2 OP=1
« TQ2.CL=0
55 Interlocking for bus-section breaker

The interlocking module A1A2_BS is used for one bus-section circuit breaker between
section A1 and A2 according to figure 193. The module can be used for different bus-
bars, which includes a bus-section circuit breaker, that is, not only busbar A.
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Al (BB1A)

A2 (BB1B)
Q11 Q12

Qo0
Q51 |Q52

99000356.vsd

Figure 193: Switchyard layout A1A2_BS

Configuration
The signals from other bays connected to the module A1A2_BS are described below.

Signals from all feeders

If the busbar isdivided by bus-section circuit breakersinto bus sections and both circuit
breaker are closed, the opening of the circuit breaker must be blocked if a bus-coupler
connection exists between busbar A and B on one bus-section side and if on the other

bus-section side a busbar transfer isin progress:

Al Section 1 Section 2
B1
C
[ Jr L Jr ) AlA2_BS L Jr L Jr 3
ABC_BC B1B2 BS ABC_BC
ABC_LINE AB_TRAFO ABC_LINE AB_TRAFO

Figure 194: Busbars divided by bus-section circuit breakers

To derivethe signas:

99000370.vsd
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Signal
BBTR_OP
VP_BBTR

EXDUP_AB

Signal if no busbar transfer is in progress concerning this bus section.
The switch status of BBTR is valid.

Signal if there is no transmission error from any bay connected to the AB
busbars.

These signalsfrom each linebay (ABC_LINE), each transformer bay (ABC_TRAFO),
and bus-coupler bay (ABC_BC) are needed:

Signal
Q1Q20PTR
VPQ1Q2TR

EXDUP_AB

Signal if Q1 or Q2 or both are open.
The switch status of Q1 and Q2 are valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

These signals from each bus-coupler bay (ABC_BC) are needed:

Signal

BCABOPTR

VPBCABTR
EXDUP_BC

Signal if there is no bus-coupler connection through the own bus coupler
between busbar A and B.

The switch status of BC_AB is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

These signalsfrom the bus-section circuit breaker bay (A1A2_BS, B1B2_BS) are need-

ed.
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Signal
A1A20PTR Signal if there is no bus-section coupler connection between bus sections
Al and A2.
VPA1A2TR The switch status of ALA2_BS is valid.
EXDUP_BS Signal if there is no transmission error from the bay that contains the above

information. This signal is taken from the data valid output on the command
function block.

For abus-section circuit breaker between A1 and A2 section busbars, these conditions
arevalid:
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A1A20PTR (B1B2)
BCABOPTR (sect.1)
Q1Q20PTR (bay 1/sect.2) 21
T & —— BBTR_OP

Q1Q20PTR (bay n/sect.2)

A1A20PTR (B1B2)
BCABOPTR (sect.2)

Q1Q20PTR (bay 1/sect.1)
Q1Q20PTR (bay n /sect.1)

VPA1A2TR (B1B2)
VPBCABTR (sect.1)
VPQ1Q2TR (bay 1/sect.2)

VPQ1Q2TR (bay n/sect.1)

VPBCABTR (sect.2)
VPQ1Q2TR (bay 1/sect.1)

VPQL1Q2TR (bay n/sect.1)

EXDUP_BS (B1B2)
EXDUP_BC (sect.1)
EXDUP_AB (bay 1/sect.2)

EXDUP_AB (bay n /sect.2)

EXDUP_BC (sect.2)
EXDUP_AB (bay 1/sect.1)

EXDUP_AB (bay n /sect.1)

VP_BBTR

EXDUP_AB

99000371.vsd

Figure 195: Sgnals from any bays for a bus-section circuit breaker between sections

Al and A2

For a bus-section circuit breaker between B1 and B2 section busbars, these conditions

arevalid:
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ALA20PTR (A1A2)
BCABOPTR (sect.1)

Q1Q20PTR (bay 1/sect.2)

- BBTR_OP

Ro
Ro

Q1Q20PTR (bay n/sect.2)

ALIA20PTR (A1A2)
BCABOPTR (sect.2)

Q1Q20PTR (bay 1/sect.1)

Ro

Q1Q20PTR (bay n /sect.1)

VPALA2TR (A1A2)
VPBCABTR (sect.1)
VPQ1Q2TR (bay 1/sect.2)

VPQ1Q2TR (bay n/sect.1) 2 VP BBTR

VPBCABTR (sect.2)
VPQ1Q2TR (bay 1/sect.1)

VPQ1Q2TR (bay n/sect.1)

EXDUP_BS (A1A2)
EXDUP_BC (sect.1)
EXDUP_AB (bay 1/sect.2)

EXDUP_AB (bay n /sect.2) & —— EXDUP_AB

EXDUP_BC (sect.2)
EXDUP_AB (bay 1/sect.1)

EXDUP_AB (bay n /sect.1)

99000372.vsd

Figure 196: Sgnalsfrom any bays for a bus-section circuit breaker between sections
B1 and B2

Parameter setting

If there is no other busbar via the busbar loops that are possible, then either the inter-
locking for the QO open circuit breaker isnot used or the state for BBTR is set to open.
That is, no busbar transfer isin progressin this bus section:

-« BBTR OP=1
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Interlocking for bus-section disconnector

The interlocking module A1A2_DC is used for one bus-section disconnector between
section A1 and A2 according to figure 197. The module can be used for different bus-
bars, which includes a bus-section disconnector, that is, not only busbar A.

Al (BB1A) Q11 A2 (BB1B)
I

99000357.vsd

Figure 197: Switchyard layout ALA2_ DC

Configuration
The signals from other bays connected to the module A1A2_DC are described below.

Signals in single breaker arrangement

If the busbar is divided by bus-section disconnectors, the condition no other disconnec-
tor connected to the bus section must be made by a project-specific logic.

The sametype of module (A1A2_DC) isused for different busbars, that is, for both bus-
section disconnector A1A2_DC and B1B2 DC. But for B1B2_DC, corresponding sig-
nals from busbar B are used.

Al Section 1 ; Section2 A2 L A3
Bl f B2 —--- B3
C - C
T Jr 11 A1a2_pces) L Jr T Jr )
B1B2_DC(BS) ABC BC
ABC_LINE AB_TRAFO ABC_LINE - AB_TRAFO

99000373.vsd
Figure 198: Busbars divided by bus-section disconnectors (circuit breakers)

To derivethe signals:
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Signal
Al1DC_OP Signal if all disconnectors on busbar Al are open.
A2DC_OP Signal if all disconnectors on busbar A2 are open.
VPA1_DC The switch status of A1_DC is valid.
VPA2_DC The switch status of A2_DC is valid.
EXDUP_BB Signal if there is no transmission error from any bay that contains the

above information.

These signals from each line bay (ABC_LINE), each transformer bay (AB_TRAFO),
and each bus-coupler bay (ABC_BC) are needed:

Signal
Q10PTR
Q20PTR
Q200PTR
VPQITR
VPQ2TR
VPQ20TR

EXDUP_BB

Signal if Q1 is open.

Signal if Q2 (AB_TRAFO, ABC_LINE) is open.
Signal if Q20 (ABC_BC) is open.

The switch status of Q1 is valid.

The switch status of Q2 is valid.

The switch status of Q2 and Q20 are valid.

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
command function block.

If thereis an additional bus-section disconnector, the signal from the bus-section dis-
connector bay (A1A2_DC) must be used:

Signal
DCOPTR
VPDCTR

EXDUP_DC

Signal if the bus-section disconnector is open.
The switch status of A1A2_DC is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.
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If thereisan additional bus-section circuit breaker rather than an additional bus-section
disconnector the signals from the bus-section, circuit-breaker bay (A1A2_BS) rather
than the bus-section disconnector bay (A1A2_DC) must be used:

Signal
Q110PTR
Q120PTR
VPQ11TR
VPQ12TR
EXDUP_BS

Signal if Q11 is open.
Signal if Q12 is open.
The switch status of Q11 is valid.
The switch status of Q12 is valid.

Signal if there is no transmission error from the bay BS (bus-section cou-
pler bay) that contains the above information. This signal is taken from the
data valid output on the command function block.

For a bus-section disconnector, these conditions from the A1 busbar section are valid:

Q1O0PTR (bay 1/sect.Al)

Q1OPTR (bay n/sect.Al)

VPQ1TR (bay 1/sect.Al)

VPQITR (bay n/sect.Al)

EXDUP_BB (bay 1/sect.Al)

EXDUP_BB (bay n/sect.Al)

& —— AIDC_OP
& —— VPA1_DC
& —— EXDUP_BB

99000374.vsd

Figure 199: Sgnalsfrom any baysin section Al to a bus-section disconnector

For a bus-section disconnector, these conditions from the A2 busbar section are valid:
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Q10PTR (bay 1/sect.A2)

Q1OPTR (bay n/sect.A2)
DCOPTR (A2/A3)

VPQLTR (bay 1/sect.A2)

VPQLTR (bay n/sect.A2)
VPDCTR (A2/A3)

EXDUP_BB (bay 1/sect.A2)

EXDUP_BB (bay n/sect.A2)
EXDUP_DC (A2/A3)

& —— A2DC_OP

& —— VPA2_DC

& —— EXDUP_BB

99000375.vsd

Figure 200: Sgnalsfrom any bays in section A2 to a bus-section disconnector

For a bus-section disconnector, these conditions from the B1 busbar section are valid:

Q2(20)OPTR (bay 1/sect.B1)

Q2(20)OPTR (bay n/sect.B1)

VPQ2(20)TR (bay 1/sect.B1)

VPQ2(20)TR (bay n/sect.B1)

EXDUP_BB (bay 1/sect.B1)

EXDUP_BB (bay n/sect.B1)

- B1DC_OP(A1DC_OP)

- VPB1_DC(VPA1_DC)

——— EXDUP_BB

99000376.vsd

Figure 201: Sgnalsfrom any bays in section B1 to a bus-section disconnector

For a bus-section disconnector, these conditions from the B2 busbar section are valid:
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Q2(20)OPTR (bay l/sect.B2) —— & B2DC_OP (A2DC_OP)
Q2(20)OPTR (bay ni/sect.B2)
DCOPTR (B2/B3)

VPQ2(20)TR (bay 1/sectB2) ———— VPB2_DC (VPAZ DC)

VPQ2(20)TR (bay n/sect.B2)
VPDCTR (B2/B3)

EXDUP_BB (b.a.y. 1/sect.B2) N EXDUP_BB

EXDUP_BB (bay n/sect.B2)
EXDUP_DC (B2/B3)

99000377.vsd

Figure 202: Sgnalsfrom any bays in section B2 to a bus-section disconnector

Signals in double-breaker arrangement

If the busbar is divided by bus-section disconnectors, the condition for the busbar dis-
connector bay no other disconnector connected to the bus section must be made by a
project-specific logic.

The same type of module (A1A2_DC) isused for different busbars, that is, for both bus-
section disconnector A1A2_DC and B1B2 DC. But for B1B2_DC, corresponding sig-
nals from busbar B are used.

Section 1 Section 2

Al A2

B1 : B2
j( j( A1A2_DC(BS) j( j(

B1B2_DC(BS)
DB_BUS DB_BUS DB_BUS DB_BUS

99000378.vsd

Figure 203: Busbars divided by bus-section disconnectors (circuit breakers)

To derive the signals:
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Signal
A1DC_OP Signal if all disconnectors on busbar Al are open.
A2DC_OP Signal if all disconnectors on busbar A2 are open.
VPA1_DC The switch status of A1_DC is valid.
VPA2_DC The switch status of A2_DC is valid.
EXDUP_BB Signal if there is no transmission error from bay DB (double-breaker bay)

that contains the above information.

These signals from each double-breaker bay (DB_BUS) are needed:

Signal
Q10PTR
Q20PTR
VPQITR
VPQ2TR
EXDUP_DB

Signal if Q1 is open.
Signal if Q2 is open.
The switch status of Q1 is valid.
The switch status of Q2 is valid.

Signal if there is no transmission error from the bay that contains the above
information. This signal is taken from the data valid output on the command
function block.

Thelogicisidentical to the double busbar configuration described in "Signalsin single
breaker arrangement”.

For a bus-section disconnector, these conditions from the A1 busbar section are valid:
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10PTR (bay 1/sect.Al

Q (bay ) & —— AIDC_OP
Q1OPTR (bay n/sect.Al)
VPQLTR (bay 1/sect.Al

QLTR (bay ) & —— VPA1_DC
VPQITR (bay n/sect.Al)
EXDUP_DB (bay 1/sect.Al

DB (bay ) & —— EXDUP_BB
EXDUP_DB (bay n/sect.Al)

99000379.vsd

Figure 204. Sgnals from double-breaker bays in section Al to a bus-section discon-
nector

For a bus-section disconnector, these conditions from the A2 busbar section are valid:

10PTR (bay 1/sect.A2
Q (bay ) & —— A2DC_OP
Q1OPTR (bay n/sect.A2)
VPQ1TR (bay 1/sect.A2) e | —— vPA2 DC
VPQLTR (bay n/sect.A2)
EXDUP_DB (bay 1/sect.A2
DB (bay ) & —— EXDUP_BB
EXDUP_DB (bay n/sect.A2)

99000380.vsd

Figure 205: Sgnals from double-breaker bays in section A2 to a bus-section discon-
nector

For a bus-section disconnector, these conditions from the B1 busbar section are valid:
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Q20PTR (bay 1/sect.B1)

Q20PTR (bay n/sect.B1)

VPQ2TR (bay 1/sect.B1)

VPQ2TR (bay n/sect.B1)

EXDUP_DB (bay 1/sect.B1)

EXDUP_DB (bay n/sect.B1)

- B1DC_OP (A1DC_OP)

- VPB1_DC (VPAL_DC)

——— EXDUP_BB

99000381.vsd

Figure 206: Sgnalsfrom double-breaker bays in section B1 to a bus-section discon-

nector

For a bus-section disconnector, these conditions from the B2 busbar section are valid:

Q20PTR (bay 1/sect.B2)

Q20PTR (bay nisect.B2)

VPQ2TR (bay 1/sect.B2)

VPQ2TR (bay n/sect.B2)

EXDUP_DB (bay 1/sect.B2)

EXDUP_DB (bay n/sect.B2)

- B2DC_OP (A2DC_OP)

- VPB2_DC (VPA2_DC)

——— EXDUP_BB

99000382.vsd

Figure 207: Sgnalsfrom double-breaker bays in section B2 to a bus-section discon-

nector

Signals in breaker and a half arrangement

If the busbar is divided by bus-section disconnectors, the condition for the busbar dis-
connector bay no other disconnector connected to the bus section must be made by a

project-specific logic.
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The sametype of module (A1A2_DC) isused for different busbars, that is, for both bus-
section disconnector A1A2_DC and B1B2_DC. But for B1B2_DC, corresponding sig-
nals from busbar B are used.

Section 1 Section 2 AD

Al

B2

Bl

A1A2_DC(BS)

B1B2_DC(BS)

BH_LINE BH_LINE BH_LINE BH_LINE

99000383.vsd

Figure 208: Busbars divided by bus-section disconnectors (circuit breakers)

The project-specific logic are the same as for the logic for the double-breaker configu-

ration.

Signal
A1DC_OP
A2DC_OP
VPA1_DC
VPA2_DC
EXDUP_BB

Signal if all disconnectors on busbar Al are open.
Signal if all disconnectors on busbar A2 are open.
The switch status of A1_DC is valid.
The switch status of A2_DC is valid.

Signal if there is no transmission error from bay BH (breaker and a half)
that contains the above information.

Interlocking for busbar earthing switch

Theinterlocking module BB_ES is used for one busbar earthing switch on any busbar
parts according to figure 209.

Q15

99000358.vsd

Figure 209: Switchyard layout BB_ES
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Configuration
The signals from other bays connected to the module BB_ES are described below.

Signals in single breaker arrangement

The busbar earthing switch isonly allowed to operateif all disconnectors of the bus sec-
tion are open.

Al Section 1 ; Section 2 A2
Bl } B2
C C
++ T+t + + 1 + Al1A2 DCBS) + + T+ + + + + j:
== B1B2_DC(BS) — ===
BB_ES ABC_BC BB _ES
ABC_LINE AB_TRAFO ABC_LINE

99000384.vsd

Figure 210: Busbars divided by bus-section disconnectors (circuit breakers)

To derivethe signas:

Signal

ABCDC_OP Signal if all disconnectors of this busbar section are open.

VP_ABCDC The switch status of ABCDC is valid.

EXDUP_BB Signal if no transmission error from any bay containing the above informa-

tion.

These signals from each line bay (ABC_LINE), each transformer bay (AB_TRAFO),
and each bus-coupler bay (ABC_BC) are needed:

Signal

Q10PTR Signal if Q1 is open.

Q20PTR Signal if Q2 (AB_TRAFO, ABC_LINE) is open.
Q200PTR Signal if Q2 and Q20 (ABC_BC) are open.
Q70PTR Signal if Q7 is open.

VPQITR The switch status of Q1 is valid.
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Signal
VPQ2TR The switch status of Q2 is valid.
VPQ20TR The switch status of Q2 and Q20 are valid.
VPQ7TR The switch status of Q7 is valid.
EXDUP_BB Signal if there is no transmission error from the bay that contains the above

information.This signal is taken from the data valid output on the command
function block.

These signalsfrom each bus-section disconnector bay (A1A2_DC) are also needed. For
B1B2 DC, corresponding signals from busbar B are used. The same type of module
(A1A2 DC) isused for different busbars, that is, for both bus-section disconnectors
Al1A2 DCand B1B2 DC.

Signal

DCOPTR Signal if the bus-section disconnector is open.

VPDCTR The switch status of ALA2_DC is valid.

EXDUP_DC Signal if there is no transmission error from the bay that contains the above

information. This signal is taken from the data valid output on the command
function block.

If no bus-section disconnector existsthe signal DCOPTR, VPDCTR and EXDUP_DC
are set to 1 (FIXD-ON).

If the busbar isdivided by bus-section circuit breakers, the signals from the bus-section
coupler bay (A1A2_BS) rather than the bus-section disconnector bay (A1A2_DC) must
be used. For B1B2 BS, corresponding signals from busbar B are used. The same type
of module (A1A2 BS) isused for different busbars, that is, for both bus-section circuit
breskers A1A2 BSand B1B2 BS.

Signal
Q110PTR Signal if Q11 is open.
Q120PTR Signal if Q12 is open.
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Signal
VPQIITR
VPQ12TR

EXDUP_BS

The switch status of Q11 is valid.
The switch status of Q12 is valid.

Signal if there is no transmission error from the bay (bus-section coupler
bay) that contains the above information. This signal is taken from the data
valid output on the command function block.

For a busbar earthing switch, these conditions from the A1 busbar section are valid:

Q1OPTR (bay 1/sect.Al)

Q1OPTR (bay n/sect.Al)
DCOPTR (AL/A2)

VPQ1TR (bay 1/sect.Al)
VPQLTR (bay n/sect.Al)
VPDCTR (A1/A2)
EXDUP_BB (bay 1/sect.Al)

EXDUP_BB (bay n/sect.Al)
EXDUP_DC (A1/A2)

& —— ABCDC_OP

& —— VP_ABCDC

& —— EXDUP_BB

99000385.vsd

Figure211: Sgnalsfromany baysin section Al to a busbar earthing switchinthesame

section

For abusbar earthing switch, these conditions from the A2 busbar section are valid:
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Q1O0PTR (bay 1/sect.A2)

Q1OPTR (bay n/sect.A2)
DCOPTR (A1/A2)

VPQI1TR (bay 1/sect.A2)
VPQLTR (bay n/sect.A2)
VPDCTR (A1/A2)

EXDUP_BB (bay 1/sect.A2)

EXDUP_BB (bay n/sect.A2)
EXDUP_DC (Al/A2)

section

Q2(20)OPTR (bay 1/sect.B1)

Q2(20)OPTR (bay n/sect.B1)
DCOPTR (B1/B2)
VPQ2(20)TR (bay 1/sect.B1)
VPQ2(20)TR (bay n/sect.B1)
VPDCTR (B1/B2)
EXDUP_BB (bay 1/sect.B1)

EXDUP_BB (bay n/sect.B1)
EXDUP_DC (B1/B2)

section

——— ABCDC_OP

—— VP_ABCDC

——— EXDUP_BB

99000386.vsd

Figure 212: Sgnalsfromany baysin section A2 to a busbar earthing switchinthesame

For a busbar earthing switch, these conditions from the B1 busbar section are valid:

——— ABCDC_OP

—— VP_ABCDC

——— EXDUP_BB

99000387.vsd

Figure 213: Sgnalsfromany baysin section B1 to a busbar earthing switchinthe same
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For abusbar earthing switch, these conditions from the B2 busbar section are vaid:

Q2(20)OPTR (bay 1/sect.B2)
Q2(20)OPTR (bay n/sect.B2)
DCOPTR (B1/B2)
VPQ2(20)TR (bay 1/sect.B2)
VPQ2(20)TR (bay n/sect.B2)
VPDCTR (B1/B2)
EXDUP_BB (bay 1/sect.B2)

EXDUP_BB (bay n/sect.B2)
EXDUP_DC (B1/B2)

& —— ABCDC_OP
& —— VP_ABCDC
& —— EXDUP_BB

99000388.vsd

Figure 214. Sgnalsfromany baysin section B2 to a busbar earthing switchin the same

section

For a busbar earthing switch on bypass busbar C, these conditions are valid:

Q70PTR (bay 1)

Q7OPTR (bay n)

VPQT7TR (bay 1)

VPQTTR (bay n)

EXDUP_BB (bay 1)

EXDUP_BB (bay n)

——— ABCDC_OP

——— VP_ABCDC

——— EXDUP_BB

99000389.vsd

Figure 215: Sgnalsfrom bypass busbar to busbar earthing switch
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Signals in double-breaker arrangement
The busbar earthing switchisonly allowed to operateif all disconnectors of the bus sec-

tion are open.
Al Section 1 ; Section 2 A2
Bl } B2
11 j( A1A2_DC(BS) j( ;i
BB_ES B1B2_DC(BS) BB_ES
DB_BUS DB_BUS

99000390.vsd

Figure 216: Busbars divided by bus-section disconnectors (circuit breakers)

To derive the signals:

Signal

ABCDC_OP Signal if all disconnectors of this busbar section are open.

VP_ABCDC The switch status of ABCDC is valid.

EXDUP_BB Signal if there is no transmission error from any bay that contains the above

information.

These signals from each double-breaker bay (DB_BUYS) are needed:

Signal

Q10PTR Signal if Q1 is open.

Q20PTR Signal if Q2 is open.

VPQITR The switch status of Q1 is valid.

VPQ2TR The switch status of Q2 is valid.

EXDUP_DB Signal if there is no transmission error from the bay that contains the above

information. This signal is taken from the data valid output on the command
function block.
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These signalsfrom each bus-section disconnector bay (A1A2 DC) are al so needed. For
B1B2_DC, corresponding signals from busbar B are used. The same type of module
(A1A2_DC) isused for different busbars, that is, for both bus-section disconnectors
A1A2 DCand B1B2 DC.

Signal

DCOPTR Signal if the bus-section disconnector is open.

VPDCTR The switch status of A1A2_DC is valid.

EXDUP_DC Signal if there is no transmission error from the bay that contains the above

information. This signal is taken from the data valid output on the command
function block.

Thelogicisidentical to the double busbar configuration described in "Signalsin single
breaker arrangement”.

Signals in breaker and a half arrangement

The busbar earthing switch isonly allowed to operateif all disconnectors of the bus sec-
tion are open.

Section 1 Section 2

Al
Bl

A1A2_DC(BS) ]
s B1B2_DC(BS) B

BH_LINE BH_LINE

m—H—

vs)
IUJIII }
W
mil

_ES

99000391.vsd
Figure 217: Busbars divided by bus-section disconnectors (circuit breakers)

The project-specific logic are the same as for the logic for the double busbar configura-
tion described in "Signalsin single breaker arrangement”.
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Signal
ABCDC_OP Signal if all disconnectors of this busbar section are open.
VP_ABCDC The switch status of ABCDC is valid.
EXDUP_BB Signal if there is no transmission error from any bay that contains the
above information.
5.8 Interlocking for double CB bay
5.8.1 Configuration
For adoublecircuit-breaker bay, themodulesDB_BUS A,DB_LINEandDB_BUS B
must be used.

Parameter setting
For application without Q9 and Q8, just set the appropriate inputs to open state and dis-

regard the outputs. In the functional block diagram, 0 and 1 are designated O=FIXD-
OFF and 1=FIXD-ON:

* Q9 OP=1

* Q9. CL=0

. Q8 OP=1
-+ Q8 CL=0

If, in this case, a line voltage supervision is added, then rather than setting Q9 to open
state, specify the state of the voltage supervision:

« Q9 _OP=VOLT_OP
« Q9 CL=VOLT CL

If there is no voltage supervision, then set the corresponding inputs as follows:

« VOLT OP=1
« VOLT CL=0
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5.9 Interlocking for 1 1/2 CB diameter

5.9.1 Configuration

For a breaker-and-a-half arrangement, the modulesBH_LINE_A, BH_CONN and
BH_LINE_B must be used.

Parameter setting

For application without Q9 and Q8, just set the appropriate inputs to open state and dis-
regard the outputs. In the functional block diagram, 0 and 1 are designated O=FIXD-
OFF and 1=FIXD-ON:

. Q9 OP=1
- Q9 CL=0

- Q8 OP=1
- Q8. CL=0

If, in this case, a line voltage supervision is added, then rather than setting Q9 to open
state, specify the state of the voltage supervision:

« Q9 _OP=VOLT_OP
« Q9 CL=VOLT CL

If there is no voltage supervision, then set the corresponding inputs as follows:

« VOLT OP=1
« VOLT CL=0
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Chapter 10 Logic

About this chapter
This chapter describes the logic functions.
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1 Trip logic (TR)

1.1 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 the trip 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 also issues a three-
phase tripping command when phase selection within the operating protection func-
tions is 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). The logic also issues a three-phase tripping command when phase selection
within the operating protection functions is 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.

As most faults, especially on the highest voltage levels, are single phase to earth faults,
single phase tripping can be of great value. 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.

1.2 Functionality

The minimum duration of a trip output signal from the TR function is 150ms. This is to
secure the fault clearance.

The three-pole TR function has a single input through which all trip output signals from
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, as well as to other functions
within the terminal requiring this signal.
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1.3

The expanded TR function for single- and two-pole tripping has additional 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 outputsfor 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.

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 also separate output signals indicating 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 faults as well as for reclosing on to persistent faults. A special input is also pro-
vided which disables single- and two-pole tripping, forcing all tripping to be three-pole.

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 is in 1ph/3ph or
1ph/2ph/3ph operating mode.

* An additional logic for evolving faults and three-phase tripping when the function
operates in 1ph/3ph operating mode.

* An additional logic for evolving faults and three-phase tripping when the function
operates in 1ph/2ph/3ph operating mode.

» The final tripping circuits.

Three-phase front logic

Figure 218 shows a simplified block diagram of a three-phase front logic. Descriptions
of different signals are available in signal list.
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TRIP-TRINL1

| TRIP-TRINL2

>1
' TRIP-TRINL3 —I_

| TRIP-1PTRZ

| TRIP-1PTREF
T

| TRIP-TRIN — & RSTTRIP - cont.

R T

Figure 218: Three-phase front logic - simplified logic diagram

Any of active functional input signals activatesthe 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 219):

« Phase related tripping signals from different built-in protection functions that can
operate on a phase segregated basis and are used in the terminal. The output signals
of these functions should be configured to the TRIP-TRINLn (n = 1...3) functional
inputs.

« Internal phase-selective tripping signals from different phase selection functions
within the terminal, 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 is also 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 219: 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 continues for 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 (directional 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 220 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.

407



Trip logic (TR) Chapter 10
Logic

408

[ e -

[ is0ms L——

ms
+ LITRIP - cont. — 21

RTRIP - cont.
M — 31 —RIRP-comt
2000 ms
t
—_

L2TRIP - cont. — 21

t_l_L 21 STRIP - cont.

. L3TRIP - cont. — 21
TTRIP - cont.
L =1

TRIP-P3PTR

| i
| |
| i
| |
I |
| i
| i
| i
| |
| i
| i
| |
| ] & i
i i
| |
| i
| |
I |
| i
| |
I |
| |
| i
i |

99000458.vsd

Figure 220: Additional logic for the 1ph/3ph operating mode

If only oneof 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 isinitiated 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 thefirst one within atwo second
interval after initiation of afirst tripping command.

Additional logic for 1ph/2ph/3ph operating mode

Figur 220 presents the additional logic, when the trip function isin 1ph/2ph/3ph oper-
ating mode. A TRIP-P3PTR functional input signal activates a three pole tripping if at
least one phase within the front logic initiates atrip command.
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Figure 221: 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 (LNTRIP) is active. A two phase tripping information is
send in case, when two out of three input signals LnTRIP are active. A three phasetrip-
ping information requires al three LNnTRIP 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 222 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 availablein signal list.
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Figure 222: 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 a limited time, for instance during a single-phase trip-
auto-reclose cycle.

The pole discordance logic (PD) detects a breaker pole position discrepancy not gener-
ated by a single pole reclosing and generates a three phase command trip to the circuit
breaker itself.

Functionality

Functionality for current and contact based pole discordance

The operation of the current and contact based pole discordance function is based on
checking the position of the circuit breaker and in parallel making a comparison be-
tween the phase currents.

The contact based function checks the position of the circuit breaker through six of its
auxiliary contacts: three parallel connected normally open contacts are connected in se-
ries with three parallel connected normally closed contacts. This hard-wired logic is
very often integrated in the circuit breaker control cabinets and givesaclosed signal in
case of pole discordance in the circuit breaker. This signal is connected to the PD---
POLDISC input of the pole discordance function. If thefunctionisenabled, after ashort
delay, the activation of thisinput causes atrip command (PD---TRIP).
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Figure 223: Typical connection diagram for pole discordance function - contact and
current based

The current based function performs a parallel detection of pole discordance based on
current comparison in the breaker poles. This current based detection is enabled only
for a short time after the breaker has received a closing or opening command in order
to avoid unwanted operation in case of unsymmetrical load in service. If the circuit
breaker has received a command (open or close), the PD function is enabled, and the
current conditions are fulfilled, then atrip command is generated from the pole discor-
dance function (PD---TRIP) after a short delay.

Figure 223 shows the typical application connection for the current and contact based
pole discordance function.

2.3 Design

The simplified block diagram of the current and contact based pole discordance func-
tion is shown in figure 224.
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Figure 224: Smplified block diagram of pole discordance function - contact and cur-
rent based

The pole discordance function is disabled if:

» The terminal is in TEST status (TEST-ACTIVE is high) and the function has been
blocked from the HMI (BlockPD=Yes)

* The input signal PD---BLOCK is high
* The input signal PD---1POPEN is high

The PD---BLOCK signal is a general purpose blocking signal of the pole discordance
function. 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 a block command from internal functions.
Through OR gate it can be connected to both binary inputs and internal function out-
puts.
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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 a signallisation “1phase auto-reclosing in
progress” from the external auto-reclosing device.

If the pole discordance function is enabled, then two different criteria will generate a
trip signal (PD---TRIP):

« Pole discordance signalling from the circuit breaker.
* Unsymmetrical current detection.

Pole discordance signalling from circuit breaker

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 parallel, and in series with one NC contact for each phase
connected in parallel) and, after a settable time interval t (0-60 s), a 150 ms trip pulse
command (PD---TRIP) is generated by the pole discordance function.

Unsymmetrical current detection
The unsymmetrical current detection is based on the checking that:

» any phase current is lower than 80% of the highest current in the remaining two
phases

» the highest phase current is greater than 10% of the rated current

If these conditions are true, an unsymmetrical condition is detected and the internal sig-
nal INPS is turned high. This detection is enabled to generate a trip after a set time delay
t (0-60 s) if the detection occours in the next 200 ms after the circuit breaker has re-
ceived a command to open trip or close and if the unbalance persists. The 200 ms lim-
itation is for avoiding unwanted operation during unsymmetrical load conditions.

The pole discordance function is informed that a trip or close command has been given
to the circuit breaker through the inputs PD---BC (for closing command information)
and PD---TRIN (for opening command information). These inputs can be connected to
terminal binary inputs if the information are generated from the field (i.e. from auxiliary
contacts of the close and open push buttons) or may be software connected to the out-
puts of other integrated functions (i.e. close command from a control function or a gen-
eral trip from integrated protections).
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2.4 Calculations

24.1 Setting instructions

The setting parameters are accessible through the HM|I. The parametersfor the pole dis-
cordance function are found in the HMI-tree under:

Settings
Functions
Group 1,2,3and 4
PoleDiscord

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
function.
Time delay , t: Delay timer. The time delay is not critical because the pole discordance

function operates mainly with load conditions. If only the contact based
function is used, the time delay should be chosen between 0.5 and 1 s.If
also the current detection function is used, it is recommended to set the
time delay at 3-4 s, depending on the application, in order for the unbal-
ance to stabilize. The setting range of the time delay is 0 - 60 s.
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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 (SENDO01-16) and 16 outputs (REC01-16).
Figure 225 shows the signal diagram for RTC1. This diagram is also valid for RTC2
since the signal inputs and outputs are the same.

A signal applied to an input of one function block, eg. 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, is incorporated.

Both function blocks have an input BLOCK, which is available 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 aso 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 225: Binary signal transfer to remote end RTC1, signal inputs and outputs

User defined names can be applied to the inputs and outputs. These identities are set
from the configuration tool CAP 531.

A servicereport providesinformation of the status of all function block outputs aswell
asinputs. The status can be viewed on the local HMI under:

ServiceReport
/0
RemTermCom1
RemTermCom?2

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 maual. The settings that has to be made for these items are also desribed in
each chapter respectively.

Status information of the Remote end data communication is available on the local HMI
under:

TerminalReport
SelfSuperv
RemTermCom
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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 HMI on either every single input 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 availablein 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 A pparatus control is included in the terminal, ad-
ditional 32 event function blocks EV 13-EV 44, running with a slower cyclicity, are
available.
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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 531
configuration 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:

* No events

* OnSet, at pick-up of the signal

* OnReset, at drop-out of the signal

» OnChange, at both pick-up and drop-out of the signal

Also an input PrColxx (xx=01-44) is available 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
IEC 60870-5-103.

Double indication

Double indications are used to handle a combination of two inputs at a time, 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 be used as double indications the odd inputs are individually set from the SMS under
the Mask-Event function as:

» Double indication
» Double indication with midposition suppression

Here, the settings of the corresponding even inputs have no meaning.

These states of the inputs generate events. The status is read by the station HMI on the
status indication for the odd input:
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« 00 generates an intermediate event with the read status 0
« 01 generates a close event with the read status 1

» 10 generates an open event with the read status 2

e 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
data over the LON bus to other REx 5xx terminals. The most common use is to transfer
interlocking information between different bays. That can be performed by an event
function block used as a send block and with a Multiple Command function block used
as a receive block. The documeépparatus Control describes how to transfer the in-
terlocking information. The configuration of the communication between control ter-
minals is made by the LON Network Tool.

The INTERVAL input is applicable only when the BOUND input is set to 1. The IN-
TERVAL is intended to be used for cyclic sending of data to other control terminals via
the LON bus with the interval time as set. This cyclic sending of data is used as a backup
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. This INTERVAL input time is set a little bit longer than the interval 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:

* Use event masks
* Report no events
¢ Report all events

Use of event masks is the normal reporting of events, that is, the events are reported as
defined in the database.

An event mask can be set individually 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 all communication channels of the
terminal.
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Report no events means blocking of all eventsin the terminal.

Report all events meansthat all 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_SUPRYyy including the suppression time for double indications.

* NAMEyy including the name for each input.

» PrColxx including the type of protocol for sending the events.

* INTERVAL used for the cyclic sending of data.

» BOUND telling that the block has connections to other terminals over the LON bus.

* FuncTEVx (for EV01-EV06) including the function type for sending events via IEC
60870-5-103.

» InfoNoyy (for EV01-EV06) including the information number for the events send-
ing via IEC 60870-5-103.

These parameters are set from the CAP 531 configuration tool. When the BOUND pa-
rameter 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 acommon 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 10 000 and no restart will take place. At power interrupt the counter values are stored.

Thefunction block also hasan input BLOCK . At activation of thisinput all six counters
are blocked. Theinput can for example be used for blocking the counters at testing.

All inputs are configured via configuration tool CAP 531.

Reporting
The content of the counters can be read in the local HMI under the menu:

ServiceReport
Functions
Counters
Count
Counters

Reset of counters can be performed in the local HMI under the menu:
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ServiceReport
Functions
Counters
Count
ClearCounters

Reading of content and resetting of the counters can also be performed remotely, for

example via SPA-communication.

Calculations

The parametersfor the counters, Operation = Off/On, are set in thelocal HM1 under the

menu:

Settings
Functions
Group n
Counters

or viathe PST Parameter Setting Tool.
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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 purpose s, to present on
site an immediate visual information on:

« actual signals active (or not active) within the protected bay (terminal).
« alarm signals handled as a simplified alarm system.

» last operation of the terminal. Here we understand the presentation of the signals ap-
peared during the latest start(s) or trip(s) since the previous information has been re-
set.

The user of this information is the technician in substation or the protection engineer
during the testing activities. The protection engineer can also be able to read the status
of all LEDs over the SMS in his office as well as to acknowledge/reset them locally or
remotely.

Functionality

Each LED indication can be set individually to operate in six different sequences; two
as follow 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 a signaling 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

LEDs which 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
as a simplified 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 atchedReset-S) will initiate areset and
arestart at a new 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. Manua acknowledgment
and manual reset have the same meaning and is a common signal for al the operating
sequences and LEDs. The function is positive edge triggered, not level triggered. The
acknowledgment/reset isperformed viathe C-button on the Local HM|I according to the
sequencein figure 226.
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Figure 226: Acknowledgment/reset fromlocal 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 is first pressed.

From SMS/SCS

It is also possible to perform the acknowledgment/reset remotely from SMS/SCS. To
do that, the functioninput (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 (L atched type with acknowledgement) are only work-
ing in collecting mode. Sequence 5 isworking according to Latched 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 227: Symbols used in the sequence diagrams

Sequence 1 (Follow-S)

This sequencefollows all the time, with a steady light, the corresponding input signals.
It does not react on acknowledgment or reset. Every LED isindependent of the other
LEDsin its operation.
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Activating
signal

. @0 e O | ®

en01000228.vsd

Figure 228: 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-
allel isshown in figure 229.

Activating
sighal GREEN

Activating
signal RED

LED . OG ‘ OG OR OG '

en01000230.vsd

Figure 229: 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 worksin collecting mode. Every LED isin-
dependent of the other LEDs in 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

. elo/eld]0O] @
Acknow. _| _|

en01000231.vsd

Figure 230: 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 231 isshownthe
sequence when asignal of lower priority becomes activated after acknowledgment has
been performed on a higher priority signal. Thelow priority signal will be shown asac-
knowledged when the high priority signal resets.

Activating
signal GREEN

Activating
signal RED

w @[&]0.] O, | @
Acknow. —|

en01000232.vsd

Figure 231: 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 also low priority indications
which are not visible according to figure 232.
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Activating
signal GREEN

Activating
signal YELLOW

Activating
signal RED

LED | RICKICHICHICANONN
Acknow. —|

en01000233.vsd

Figure 232: 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 233.

Activating
sighal GREEN

Activating
signal YELLOW

Activating
signal RED

LED ® D OB O] O] @
Acknow. _‘ _|

en01000234.vsd

Figure 233: 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

. eJ]O0Je] O |e
Reset —| |_| —|

en01000235.vsd

Figure 234: 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
235.
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Activating
signal GREEN

Activating
signal RED

. @] O. O. | @
Reset —‘ —|

en01000236.vsd

Figure 235: Operating sequence 5, two colors

Sequence 6 (LatchedReset-S)

In this mode all activated LEDs, which are set to sequence 6 (L atchedReset-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 completely 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-Sis activated
until a settable time, tRestart, has elapsed after that all activating signals for 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 is shown in figure
236.
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Figure 236: Activation of new disturbance

In order not to have alock-up of the indications in the case of a persisting signal each
LED isprovided with atimer, tMax, after which time the influence on the definition of
adisturbance of that specific LED isinhibited. Thisfunctionality isshowni diagramin

figure 237.

Activating signal
GREEN
Activating signal
YE'.‘LO.W - To LED
Activating signal
RED

>1 To disturbance

& ength confro

tMax

en01000238.vsd

Figure 237: Length control of activating signals
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Timing diagram for sequence 6

Figure 238 shows the timing diagram for two indications within one disturbance.

| Disturbance

| t Restart
I

. AN

Activating
signal 1

Activating
signal 2

teor @ O ()

LED 2 o O o

Automatic
reset

Manual |_|

reset
en01000239.vsd

Figure 238: Operating sequence 6 (LatchedReset-S), two indications within same dis-
turbance

Figure 239 shows the timing diagram for a new indication after tRestart time has
€lapsed.
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Disturbance Disturbance
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[

| | t Restart I
> | |
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signal 1

Activating
signal 2
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LED 2 o O | @

Automatic —|
reset

Manual |_|

reset
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Figure 239: Operating sequence 6 (LatchedReset-S), two different disturbances

Figure 240 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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| Disturbance |

t Restart

Activating
signal 1

Activating
signal 2

teo1 @ O (]

LED 2 o O ()

Automatic
reset

Manual |_|
reset
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Figure 240: Operating sequence 6 (LatchedReset-S), two indications within same dis-
turbance but with reset of activating signal between

Figure 241 shows the timing diagram for manual reset.
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| Disturbance |

| t Restart
[

>
>

Activating
signal 1

Activating
signal 2

teo1 @ O o

LED 2 o O ()

Automatic
reset

Manual |_| |_|
reset | |
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Figure 241: Operating sequence 6 (LatchedReset-S), manual reset

Calculations
Settings can be performed from the local HMI in a separate menu-tree or from the PST.
Change of settingsisrestricted by the activation of alocal HMI function.

From the local HMI, the parameters can be set via the sub-menu:

Setting
Functions
Groupx
HMI LED
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2 Disturbance report (DRP)

2.1 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.

2.2 Functionality

The disturbance report is a common name for several facilities to supply the operator
with more information about the disturbances in the system. Some of the facilities are
basic and some are optional inthe different products. For some productsnot all facilities
are available.

The facilitiesincluded in the disturbance report are:

« General disturbance information
e Indications

e Eventrecorder

« Fault locator

e Trip values (phase values)

« Disturbance recorder

The whole disturbance report can contain information for up to 10 disturbances, each
with the data coming from all the parts mentioned above, depending on the options in-
stalled. All information in the disturbance report is stored in non-volatile flash memo-
ries. This implies that no information is lost in case of loss-of-power supply
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Figure 242: 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

timeisavailable. 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 SMSis required.

Disturbance overview isasummary of al the stored disturbances. The overview is
available only on afront-connected PC or viathe Station Monitoring System (SMS).
The overview contains:

» Disturbance index

» Date and time

» Trip signals

» 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 inter-
face (HMI). Here the two latest disturbances (DisturbSummary 1, which is the latest
and DisturbSummary 2 which is the second latest) are presented with:
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» Date and time
« Selected indications (set with the Indication mask)
» Distance to fault and fault loop selected by the Fault locator

Disturbance data on the HMI is presented at:

DisturbReport/Disturbances/Disturbance n (n=1 - 10)

The date and time of the disturbance, the trigger signal, the indications, the fault locator
result and the trip values are available, provided that the corresponding functions are
installed.

Indications

Indications is a list of signals that were activated during the fault time of the distur-
bance. A part (or all) of these signals are automatically scrolled on the local HMI after
a disturbance.

Event recorder

The event recorder contains an event list with time-tagged events. In the Station Mon-
itoring System, this list is directly connected to a disturbance.

Fault locator

The fault locator contains information about the distance to the fault and about the mea-
suring loop that was selected for the calculation. After changing the system parameters
in the terminal, a recalculation 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. The recording times are valid for the whole disturbance report. The disturbance
recorder and the event recorder register disturbance data and eventsRéeadrding,

the total recording time. Indications are only registered during the fault time.

The total recording timéRecording, of a recorded disturbance is:
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tRecording =  tPre + tFault + tPost or tPre + tLim, depending on which criterion stops the
current disturbance recording

im 4.{

— tPre —m e tPOSt —— P

® ® ®

xx00000316.vsd

Table 11: 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 243: The recording times definition

Analog signals

Up to 10 analog signals (five voltages and five currents from the transformer module)
can be selected for recording and triggering if the disturbance recorder function isin-

stalled. If fewer than 10 signal s are sel ected, 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.
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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.

The check of thetrigger condition is based on peak-to-peak values. When thisisfound,
the absolute average value 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 a function which isinsensi-
tiveto DC offset in the signal. The operate time for this start istypicaly 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 signd list, where al 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 atrigger 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.

Theindications, that are to be automatically scrolled on the HMI 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. Thisimplies the importance of choosing the right signals as
trigger conditions.
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A trigger can be of type:

» Manual trigger
» Binary-signal trigger
» Analog-signal trigger (over/under function)

Manual trigger

A disturbance report can be manually triggered from the local HMI, a front-connected
PC, or SMS. When the trigger is activated, the manual trigger signal is generated. This
feature is especially useful for testing.

Manual trigger from the local HMI is found at:

DisturbReport
ManualTrig

Binary trigger

Any binary signal state (logic one or a logic zero) can be selected to generate a trigger.
The binary signal must remain in a steady state for at least 15 ms to be valid.

When a binary signal is selected to generate a trigger from a logic 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 terminal.

Retrigger

Under certain circumstances the fault condition may reoccur during the postfault re-
cording, for instance by automatic reclosing to a still faulty network. In order to capture
the new fault it is possible to allow retriggering during the PostFault recording.

Calculations

The main part of the settings for the Disturbance Report is found on the local human-
machine interface (HMI) at:
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Monitoring
Settings
DisturbReport
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

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 signals can be set at:

Configuration
Analogl nputs

The user-defined names of binary signals can be set at:

Configuration
DisturbReport
Input n (N=1-48)

The analog and binary signals appear with their user-defined names.
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Settings during normal conditions

Table 12: 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

HMI submenu:

Settings
DisturbReport

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.

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.
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Operation =On:

+ Disturbances are stored, disturbance data can be read from the local HMI and from
a front-connected PC or Station Monitoring System (SMS).

* LED information (yellow - start, red - trip) is stored.

e The disturbance summary is automatically scrolled on the local HMI for the two 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
HMI submenu:

Settings
DisturbReport
SequenceNo

Normally, this setting option is seldom used. Each disturbance is assigned a number in
the disturbance report. The first disturbance each day normally reSeuenceNo =

0. The value ofequenceNo that can be read in the service report is the number that will
be assigned to the next disturbance registered during that day.

In normal use, the sequence number is increased by one for each new disturbance until
it is reset to zero each midnight.

Recording times
HMI submenu:
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Settings
DisturbReport
RecordingTimes

Under this submenu, the different recording timesfor the disturbance report are set (the
pre-fault time, post-fault time, and limit time). These recording times affect the distur-
bance recorder and event recorder functions. Thetotal recording time, tRecording, of a
recorded disturbanceis:

tRecording = tPre + tFault + tPost, or tPre + tLim, depending on which criterion stops the
current disturbance recording.

Binary signals
HMI submenu:

Configuration
DisturbReport
Input n (N=1-48)

Up to 48 binary signals can be selected from the signal list, where all available signas
are grouped function by function. The 48 signal s can be selected among internal logical
signals and binary input signals. Each selected signal isregistered by the disturbance
recorder, event recorder, and indication functions during a recording.

A user-defined name for each of the signals can be entered. This name can comprise up
to 13 characters.

HMI submenu:

Settings
DisturbReport
BinarySignals

For each of the 48 signdls, itisalso possibleto select if the signal isto be used asatrig-
ger for the start of the disturbance report (TrigOperation), and if the trigger should be
activated at alogical 1 or Olevel (TrigLevel).
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Theindicationsin the disturbance summary, that are automatically scrolled onthe HMI
when adisturbance is registered, are also selected from these 48 signals using the indi-
cation mask.

Analog signals
HMI submenu:

Settings
DisturbReport
AnalogSignals

ThisHMI submenu is only available when the disturbance recorder option isinstalled.
For each of the 10 analog signals (five voltages and five currents), Operation = On
meansthat it is recorded 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 astrigger condition. The same applies
for the current signals. The trigger isindependent of the setting of Operation and trig-
gerseven if Operation = Off.

A user-defined name for each of the signals can be entered. It can consist of up to 13
characters. It isfound at:

Configuration
Analogl nputs

Behaviour during test mode

When the terminal is set to test mode, the behaviour of the disturbance report can be
controlled by the test mode disturbance report settings Oper ation and Distur bSumma-
ry available on the local HMI under:

Test/Testmode/DisturbReport

The impact of the settings are according to the following table:
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Table 13: Disturbance report settings

Operation

Disturb-
Summary

Then the results are...

Off

Off

Disturbances are not stored.

LED information is not displayed on the HMI and not
stored.

No disturbance summary is scrolled on the HMI.

Off

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.

The information is not stored in the terminal.

On

On or Off

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.

The disturbance summary is scrolled automatically on
the local HMI for the two latest recorded disturbances,
until cleared.

All disturbance data that is stored during test mode
remains in the terminal when changing back to normal
mode.
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3 Indications

3.1 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.

3.2 Functionality

The indications shown on the HMI and SM S give an overview of the status of the
48 event signals during the fault. On the HMI, the indications for each recorded distur-
bance are presented at:

DisturbReport
Disturbances
Disturbance n (n=1-10)

All selected signals can be internally produced signals or emerge from binary input
channels.

The indications are registered only during the fault time of a recorded 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 this information:

Green LED:

« Steady light In Service

* Flashing light Internal fail, the INT--FAIL internal signal is high
e Dark No power supply
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Yellow LED:
» Steady light A disturbance report is triggered
* 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
* Flashing light The terminal is in configuration mode
3.3 Calculations

The signalsto be displayed asindications are selected in the disturbance report setting.
This can be found on the local HMI at:

Settings
DisturbReport
BinarySignals
Input n (n=1-48)
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4.2
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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 valuable 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 asfar 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 eval uation 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



Disturbance recorder Chapter 11
Monitoring

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 - plus a
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 parts form a dis-
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-selectable 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 is used 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 aso seeks a minimum value, which is the negative peak.

When thisisfound, the absolute average value is calculated. If thisvaue is 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 inthe signal. The
operating timefor this start istypically in the range of one cycle, 20 msin a50 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 in-
ternally created logical signals

» Storage of the numerical values for the analog channels

The numerical data for the analog channels are stored in a cyclic pre-fault buffer in a
RAM. When a trigger is activated, the data storage is moved to another area in the
RAM, where the data for the fault and the subsequent post-fault period are stored. Thus,
a complete disturbance recording comprises the stored data for the pre-fault, fault, and
post-fault period.

The RAM area for temporary storage of recorded data is divided into sub-areas, one for
each recording. The size of a subarea is 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 a maximum number of analog channels recorded
and with maximum time settings. Should no such area be free at the time of a new trig-
ger, the oldest recording stored in the RAM is overwritten.

When a recording 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 data in a non-volatile memory (flash memory)

The recorded disturbance is now ready for retrieval and evaluation. The recording com-
prises the 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. This means
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 14: 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-
base

Stored with distur-
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 setting parameters specific for the disturbance recording function are available in

the menu tree under:
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Settings
DisturbReport
Operation
SequenceNo
RecordingTimes
BinarySignals
AnalogSignals

The list of parameters in the “Technical reference manual”, explains the meaning of the
abbreviations used in connection with setting ranges.

Remember that values of parameters set elsewhere in the menu tree are linked to the
information on a recording. 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. The se-
guence number is also shown under:

Settings
DisturbReport
SequenceNo

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 disturbances in 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 isa useful 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, while the binary input channelsare
time tagged directly on each I/0O 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 appears in 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 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 the local human-machineinterface (HMI), can only be selected from these
48 event channels.

The signal selection isfound at:
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Settings
DisturbReport
BinarySignals
Input n (N=1-48)

Each of the up to 48 event channels can be selected from the signal list, consisting of
al available internal logical signals and al binary input channels.

For each of the binary input and output signal's, a user-defined name can be pro-
grammed at:

Configuration
/0
Slotnn-XXXX (ex. Slot15-BOM 3)
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Trip value recorder

Application

The main objective of line protection and monitoring terminalsisfast, selective and re-
liable operation for faults on a protected object. Besidesthis, 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 value recorder in the REx 5xx series of terminals provides thisinformation on
theHMI and viaSCS/SMS. Thefunction isan optional software moduleintheterminal.

The function calculates 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, thetrip value recorder function starts
to calculate the frequency of the analogue 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 is looked for by checking the non-periodic
changes. The channel search orderisU1, 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 before thetrig sample. In this case the cal cul ated val ues 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 calculated 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 s to ensure enough samples for the esti-
mation of pre-fault trip values.
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Calculations

Customer specific namesfor al theten analogueinputs (five currents and five voltages)
can be entered. Each name can have up to 13 al phanumeric characters. These namesare
common for al functions within the disturbance report functionality.

The user-defined names for the analogue inputs are set under the menu:

Configuration
Analogl nputs
Ul (U2.U5,11..15)
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Monitoring of AC analog measurements

Application

Fast, reliable supervision of different analogue 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 terminals and within the higher hierarchical systems in the secondary power
system.

Functionality

The REXx 5xx protection, control, and monitoring terminals have as basic the function-
ality to measure and further process information about up to five input currents and 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.
» Mean values of measured voltages U in the first three voltage measuring channels.

* Three-phase active power P as measured by the first three current and voltage mea-
suring channels.

* Three-phase reactive power Q as measured by the first three current and voltage
measuring channels.

» Three-phase apparent power S as measured by the first three current and voltage
measuring channels.

* Frequencyf.
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Theaccuracy of measurement depends on 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 a front-connected personal 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

Users can continuously monitor the measured quantity in each channel by means of four
built-in operating thresholds (figure 244). 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 244: 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 244.

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 hysteresis is 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 selected reporting 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 a measuring value is changed, compared to the last reported value, and the change is
larger than the +AY predefined limits that are set by user, then the measuring channel
reports the new value to a higher level, if this is detected by a new measuring sample.
This limits the information flow to a minimum necessary. Figure 245 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 evaluated with a time interval of
one second from each others.

Y A Value Reported

Value Reported ~ Value Reported
(1st)

Value Reported

99000529.vsd

Figure 245: Amplitude dead-band supervision reporting
After the new value is reported, the A¥ limits for dead-band are automatically set

around it. The new value is reported only if the measured quantity changes more than
defined by the +/AY set limits.
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Integrating dead-band supervision

The measured value is reported if the time integral of al changes exceeds the pre-set
limit (figure 246), where an example of reporting with integrating dead-band supervi-
sion isshown. The pictureissimplified: the processis not continuous but the values are
evaluated with atimeinterval of one second from each other.

The last value reported (Y1 in figure 246) serves as a basic value for further measure-
ment. A differenceis cal cul 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 small variations that can last for relatively long periods.

Ay |A1| >=
|A|>= pre-set value |A2|>=
pre-set value pre-set value

[A3[ A4 [+ AS | A f+[A7]>=

pre-set valu:/
\ Value Y4

Value
Reported
Reported P Value f
Reported Value
Yl Reported

Value Reported
(1st)

\

>

99000530.vsd

Figure 246: Reporting with integrating dead-band supervision.

Periodic reporting

The user can select the periodic reporting of measured value in time intervals 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 O s (figure 247).



Monitoring of AC analog measurements Chapter 11

Monitoring

Value Reported ~ Value Reported ~ Value Reported
Value Reported

(1st) / /
Y3 Value Reported

Y2 Y4 /
Y1 Y5
Lt _ t® te . t®
-
— [q\] ™ < [Te] t
© © o o ©
] ] 3 =} ]
< < < < <
> > > > >

(*)Set value for t: Repint 99000528.vsd

Figure 247: 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 intervals between 1 and 3600 seconds.
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Figure 248: Periodic reporting with amplitude dead-band supervision in paralléel.

Periodic reporting with serial dead-band supervision

Periodic reporting can operate serially with the dead-band supervision. This means that
the new valueis reported only if the set time period expired and if the dead-band limit
was exceeded during the observed time (figures 249 and 250). 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 249: Periodic reporting with amplitude dead-band supervision in series.
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Figure 250: Periodic reporting with integrating dead-band supervision in series

Combination of periodic reportings

Thereporting of the new val ue depends on setting parametersfor the dead-band and for

the periodic reporting. Table 15 presents the dependence between different settings and
the type of reporting for the new value of a measured quantity.
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Table 15: Dependence of reporting on different setting parameters:

EnDeadB*

EnIiDeadB*

EnDeadBP*

Repint*

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.

On

Off

The new measured value is reported only
if one of the dead-band limits was
exceeded.

Off

>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 terminals that have distributed func-
tionality, where the decision levels are placed as closely as possible to the process.

The measuring function uses the same input 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 are first filtered in analogue filters and then con-
verted to numerical information by an A/D converter, which operates with a sampling
frequency of 2 kHz.

The numerical information on measured currents and voltages continues over a serial
link to one of the built-in digital signal processors (DSP). An additional Fourier filter
numerically filters the received information, and the DSP cal cul ates the corresponding
values for the following quantities:

» Five input measured voltages (U1, U2, U3, U4, U5), RMS values
« Five input measured currents (11, 12, 13, 14, I5), RMS Values

* Mean RMS value, U, of the three phase-to-phase voltages calculated from the first
three phase-to-earth voltages U1, U2 and U3

« Mean RMS value, I, of the first three measured RMS values 11, 12, and I3

* Three-phase active power, P, related to the first three measured currents and voltag-
es (11, U1, 12, U2, 13, U3)

» Three-phase, reactive power, Q, related to the first three measured currents and volt-
ages (11, U1, 12, U2, 13, U3)

» Three-phase apparent power, S, related to the first three measured currents and volt-
ages (11, U1, 12, U2, I3, U3)

« Mean value of frequencies, f, as measured with voltages U1, U2, and U3
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Figure 251: Smplified diagram for the function

Thisinformation is available to the user for operational purposes.

7.4 Calculations

The basic terminal parameters can be set from the HM| under the submenu:

Configuration
Analogl nputs
General

fr,CTEarth

S0 users can determine the rated parameters for the terminal:

» Rated frequency fr

» Position of the earthing point of the main CTs (CTEarth), which determines whether
the CT earthing point is towards the protected object or the busbar

The other basic terminal parameters, related to any single analog input, can be set undetr
the submenu:

Configuration
Analogl nputs
Ul,U2,U3,U4,U5,11,12,13,14,15,U,1,P,Q, S, f

So the users can determine the base values, the primary CTs and VTs ratios, and the
user-defined names for the analog inputs of the terminal.
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Under U1:

* ac voltage base value for analog input U1: Ulb
« voltage transformer input U1l nominal primary to secondary scale value
* Name (of up to 13 characters) of the analog input U1: Name

Under U2:

* ac voltage base value for analog input U2: U2b
» voltage transformer input U2 nominal primary to secondary scale value
* Name (of up to 13 characters) of the analog input U2: Name

Under U3:

e ac voltage base value for analog input U3: U3b
» voltage transformer input U3 nominal primary to secondary scale value
« Name (of up to 13 characters) of the analog input U3: Name

Under U4:

e ac voltage base value for analog input U4: U4b
» voltage transformer input U4 nominal primary to secondary scale value
* Name (of up to 13 characters) of the analog input U4: Name

Under U5:

e ac voltage base value for analog input U5: U5b
» voltage transformer input U5 nominal primary to secondary scale value
* Name (of up to 13 characters) of the analog input U5: Name

Under 11:

» ac current base value for analog input I11: 11b
« current transformer input 11 nominal primary to secondary scale value:
» Name (of up to 13 characters) of the analog input I11: Name

Under 12:

: UlScale

: U2Scale

: U3Scale

: U4Scale

: USScale

11Scale
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* ac current base value for analog input 12: 12b
» current transformer input 12 nominal primary to secondary scale value: 12Scale
* Name (of up to 13 characters) of the analog input I12: Name

Under 13:

» ac current base value for analog input 13: 13b
» current transformer input I3 nominal primary to secondary scale value: 13Scale
* Name (of up to 13 characters) of the analog input I13: Name

Under 14:

» ac current base value for analog input 14: 14b
» current transformer input 14 nominal primary to secondary scale value: 14Scale
* Name (of up to 13 characters) of the analog input I14: Name

Under 15;

» ac current base value for analog input 15: 15b
» current transformer input 15 nominal primary to secondary scale value: 15Scale
» Name (of up to 13 characters) of the analog input I5: Name

Under U:

» Name (of up to 13 characters) of the average voltage U: Name

Under I:

» Name (of up to 13 characters) of the average current I: Name

Under P;

* Name (of up to 13 characters) of the active power P: Name

Under Q:

» Name (of up to 13 characters) of the reactive power Q: Name
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Under S:

* Name (of up to 13 characters) of the apparent power S: Name

Under f:

* Name (of up to 13 characters) of the frequency value f: Name

The names of the first 10 quantities automatically appears in the REVAL evaluation
program for each reported disturbance.

The PST Parameter Setting Tool has to 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 all monitoring operating values and the hyster-
esis directly in the basic units of the measured quantities for each channel and for each
quantity:

Settings
DisturbReport
AnalogSignals

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 area is defined by the following formula:

_ |DeadB _
IDBS = ReadFreq = |DeadB s

(Equation 151)

Where:
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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|DeadB, and is expressed in the measuring unit of the
monitored quantity (kV, A, MW, Mvar, MVA 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).

See the Technical reference manual for alist of all the setting parameters.

Note!

It isimportant 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 analogue quantitiesis of vital importance during
thenormal operation of apower system. Operatorsin the control centres can, for exam-

ple:

¢ Continuously follow active and reactive power flow in the network
e Supervise the busbar voltages

* 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 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.

Different measuring transducers provide information on electrical and non-electrical
measuring quantities such as voltage, 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 range in 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 systems in the secondary power system.

Functionality

The REXx 5xx control, protection and monitoring terminal have a built-in option to mea-
sure and further process information 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 lo-
cations:
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» Locally by means of the local human-machine-interface (HMI)

» Locally by means of a front-connected personal 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

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. It is only necessary to select the upper operating limit I_Max higher than
the lower one |_Min.

The measuring channel can have a value of 2 of the whole range |_Max - |_Min above
the upper limit I_Max or below the lower limit |_Min, before an out-of-range error oc-
curs. This means that with a nominal range of 0-10 mA, no out-of-range event will oc-
cur with a value 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 252). Two of them are defined by the operating
range selection: I_Max as the upper and I_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 252: Presentation of the operating limits
Each operating level hasits corresponding functional output signal:

* RMAXAL

* HIWARN

* HIALARM

+ LOWWARN
* LOWALARM
* RMINAL

The logical value of the functional output signals changes according to figure 252.

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 hysteresis is 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 (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— is larger thanAle +/-
predefined limits that are set by users, and if this is detected by a new measuring sample,
then the measuring channel reports the new value to a higher level. This limits the in-
formation flow to a minimum necessary. Figure 253 shows an example of periodic re-
porting with the amplitude dead-band supervision.

The picture is simplified: the process is 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 value is reported, the newAY- limits for dead-band are automatically

set around it. The new value is reported only if the measured quantity changes more
than defined by the new +AY set limits.
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Figure 253: Amplitude dead-band supervision reporting

Integrating dead-band supervision

The measured value is updated if the time integral of all changes exceeds the pre-set
limit (figure 254), 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 254) serves as a basic value for further measure-
ment. A differenceis cal cul 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 254: 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 valueeveniif it has not
changed for more than the set limits of amplitude or integrating dead-band supervision
(figure 255). To disable periodic reporting, set the reporting timeinterval to 0 s.
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Figure 255: Periodic reporting
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Periodic reporting with parallel dead-band supervision
The newly measured value is reported:

« After each time interval for the periodic reporting expil@®;
* 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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(*)Set value for t: Replint

Figure 256: 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 means that
the new value is reported only if the set time period exieD if the dead-band limit
was exceeded during the observed time (figures 257 and 258). 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 257: Periodic reporting with amplitude dead-band supervision in series
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Figure 258: 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 a measured quantity.

Table 16: 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 * | EnilDeadB * | 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 t>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 al REx 5xx-series protec-
tion, control, and monitoring terminal sthat have distributed functionality, where the 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 is in proportion to the measured current). Later, the voltage signal is pro-
cessed within one differential type of measuring channel (figure 259).
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Figure 259: Smplified diagram for the function

The measured voltage isfiltered by the low-pass anal ogue filter before entering the an-
aogueto digital converter (A/D). Users can set the sampling frequency of the A/D con-
verter between 5 Hz and 255 Hz to adapt to different application requirements as best
as possible.

Thedigital information isfiltered by the digital low-pass filter with the (s nx/x)3 re-
sponse. Thefilter notch frequency automatically followsthe selected 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 152)

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:

* The internal 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 module 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 analogue parts
of the A/D conversion, but neglects the shunt resistance.

Each measuring channel has built in a zero-value supervision, which greatly rejects the
noise generated by the measuring transducers and other external equipment. The value
of the measured input current is reported equal to zero (0) if the measured primary quan-
tity does not exceed +/-0.5% of the maximum measuring range.

The complete measuring module is equipped with advanced self-supervision. Only the
outermost analogue circuits cannot be monitored. The A/D converter, optocouplers,
digital circuitry, and DC/DC converters, are all 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 has to be used in order to set all the parameters that are
related to different DC analogue 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 153)
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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, I_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 260 shows the rel ationship between the direct mA current | and the actual value
of the primary measured quantity, Value.
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Figure 260: 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 supervision ADBS
* Integrating dead-band supervision IDBS

The IDBS area [mAs] is defined by the following equation:

_ |DeadB _
IDBS = —SampRate = |DeadB s

(Equation 154)
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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 = 0.1B00 = 60[mA s]

(Equation 155)

IDeadB = IDBS [SampRate = 60 [b = 300[mA]

(Equation 156)

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:

It isimportant 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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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 is read by the pulse counter function. The number
of pulsesin the counter isthen reported viaLON to the station HMI or read via SPA as
aservicevalue.

The normal use for thisfunction isthe counting of energy pulses for kWh and kvarhin
both directions from external energy meters. Up to 12 binary inputsin a REx 5xx can
be used for this purpose with a frequency 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 valuesareread
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 supportsunidirectional incremental counters. That means
only positive values are possible. The counter uses a 32 bit format, that is, the reported
valueis a 32-hit, 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:

« Invalid (board hardware error or configuration error)
¢ Wrapped around

» Blocked

e 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 cycleisread by the station HMI from the data-
base. The pulse counter function updates the value in the database when an integration
cycleisfinished and activates the NEW_VAL signal in the function block. This signal
can be connected to an Event function block, be time tagged, and transmitted to the sta-
tion HMI. Thistime corresponds to 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 261 shows the pulse counter function block with connections of the inputs and
outputs.

SingleCmdFunc — PulseCounter EVENT
OUTx BLOCK o
INVALID — INPUT1
SingleCmdFunc Pulse RESTART INPUT2
OUTX INPUT OUT TIMIT_VAL
) —
Pulse length >1s BLOCKED INPUT3
1/O-module NEW_VAL —="=——1 INPUT4
BIx BIM_CONN
"PCxx-name" ——NAME * / /

- Database
SMS settings / K‘ Pulse counter value:
1.Operation = Off/On 0...2147483647

2.Cycle time = 30s...60min
3.Anaogue Event Mask = No/Report

L ON analogue event data msg
(M_PC_T)

*|dentity

*Vaue

*Time .

*Pulse Counter Quality

xx00000543.vsd

Figure 261: 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 HM1 or/and the local HMI.
Aslong asthe BLOCK signal is set, the pulse counter is blocked. 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 and isset 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 value does not
comprise a complete integration cycle. That is, in the first message after terminal start-
up, inthe first message after deblocking, and after the counter has wrapped around dur-
ing last integration cycle.

The BLOCKED signal isasteady signal and is set when the counter is blocked. There
are two reasons why the counter is blocked:

* The BLOCK input is set, or
» The Binary Input Module, where the counter input is situated, is inoperative.

The NEW_VAL signal is a pulse signal. 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 Cycle Time = 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 the inputs and outputs of the pulse counter function block is made
by the CAP 531 configuration tool.

On the Binary Input Module, the debounce filter time is fixed 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 CONFIGURATIONY/Binary 1/0-modules/
Oscillation in the terminal tree and from the local HMI, the values for blocking/release
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 able to work at 64 kbit/s. Some of them can also work at
North American standard of 56 kbit/s. This is especially pointed out in the description
under each module.

If the protection terminal is located at a long 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 a noisy 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 is installed 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 converters that can be used are FOX6PIlus (and FOX20)
from ABB and 21-15xx or 21-16xx from FIBERDATA. The FOX6PIlus together with
optical fibre modem supports the 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-directional and contra-directional. For 21-15xx and 21-16xx short
range optical fibore modem is needed.

NOTE!

When using galvanic connection between protection terminal and communication
equipment or point to point galvanic connection between two protection terminalsit is
essential that the cable ingtallation is carefully done. See Installation and commission-
ing manual for further information.
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Optical connection of multiplexer is only possibleif 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. Thisis a protocol for the flow manage-
ment of the information on a data communication link that is widely used. The basic
information unit on an HDLC link isaframe. A frame consists of:

 start (or opening) flag

» address and control fields (if included)
» data to be transmitted

+ CRC word

» end (or closing) flag.

The start and stop flags are 8 bit each and the Cyclic Redundancy Check (CRC) 16 bits.
The data field differs if between a message sent from a slave to a master and a messag:

sent from a master to a slave. The principle design is according to figure 262.

Start Information CRC Stop
flag flag
8 bits n x 16 bits 16 bits 8 bits

en01000134.vsd

Figure 262: Data message structure
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Thestart and stop flagsarethe 0111 1110 sequence (7E hexadecimal) definedinHDLC
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. Thereisaways arisk of multiplexers occasionally mixing up the mes-
sages. Each terminal is given different terminal numbers. The terminal is then
programmed to accept messages only from a specific termina 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 531.
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Optical fibre communication module

Application

Optical fibre modem

Thismodule is designed for point to point optical communication, see figure 263, but
can also be used for direct optical communication to amultiplexer of type FOX6PIusor
FOX 20, see figure 264 from ABB, provided it is equipped with an Optical Terminal
Module of type N3BT. The FOX6Plus can also be used as an optical to eectrical con-
verter supporting the G.703 co-directional interfacing according to ITU (former
CCITT), seefigure 265. FOX6PIus can also in some cases be used for X.21 and V.36
interface but special attention must be paid to how to connect the signal. Used as an op-
tical to electrical converter the FOX6Plus only supports 64 kbit/s data transmission.

Optical
fibres

REX5xx REX5xx

<

<30km

xx00000536.vsd

Figure 263: Dedicated link, opticalfibre connection.

Optical
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<30km
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other
users
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Figure 264: Multiplexed link, optical fibre connection.
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Optical
fibres

<

<30km

FOX 6
Plus
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G.703
> ’to the
< MUX other end
other |___ |
users |[—
xx00000535.vsd

Figure 265: Multiplexed link, fibre optical-galvanic connection with FOX6Plus

Design

The optical communication module is designed to work with both 9/125 pm 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 to cover distances from O to approximately 30 km. The
leverl of optical power is selected with a setting. The attenation fibresis normally ap-
proximately 0.8 dB/km for multimode and 0.4 dB/km for single-mode. Additional at-
tenuation dueto installation can be estimated to be 0.2dB/km for multimode and 0.1 dB/
km for single-mode fibres. For single-mode fibre and high output power thisresultsin
amaximum distance of 32km.
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Figure 266: 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 equipments 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 gives low 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

e 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 R$530is only rec-
ommended to be used for direct back-to-back operation, for example during laboratory
testing!
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Figure 267: Multiplexed link, galvanic connection

3.2 Design
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Figure 268: 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 4 km. Transmission is performed simultaneously in
both directions, full duplex, over four wiresin acommunication (pilot wire) line ac-
cording to figure 269.

Twisted
pair cable
REX5xx REX5xx
<4km
xx00000540.vsd

Figure 269: 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 ranges asafunction of cable
parameters are given in the diagram in figure 270.
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Figure 270: Maximum reach for short range galvanic modem

Note!

The reachesin the diagram, figure 270, 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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Short range optical fibre module

Application

The short range optical fibre modem is used for point to point synchronous 64 kbit/s
datatransmission at distances up to 5 km, the principleisaccording to figure 271. 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 272.

21-15xx supportsinterfacesaccording to I TU (former CCITT) standards V.35 and V.36
co- and contra-directional. 21-16xx supportsinterfaces 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 um or 62.5/125 pm.

The short range optical module has ST type connectors.

Optical
fibres

REX5xx REX5xx

<

<5km

en01000248.vsd
Figure 271: Dedicated link, optical fibre connection

Optical
fibres |21-15X/16X

V.35/36 (15X)
REX5XX ‘4 ~ X.21 (16X)
<5km — G.703 (16X)
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Figure 272: Multiplexed link, short range optical fibre connection
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The reach will depend on the properties of the used optical fibre. In the optical budget
has also to be accounted for losses in splices, connectors and also ageing of the cable.

The connection to the protection terminal shall not be accounted for in the optical bud-
get. 15 dB optical budget gives up to 5 km reach under normal conditions.
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G.703 module

Application

Interface modules for G.703 co-directional

Thisinterface moduleis intended for connection to commercially available communi-
cation equipments or multiplexers with G.703 interface. It can only be used with trans-
mission rate of 64 kbit/s. Furthermore it 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 has to be reli-
able a'so 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 communi cation 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 figurefor V.36 etc, for distances up to 10 m.
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7.2

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. It
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
» Short range optical communication module
* G.703 communication module

The carrier module senses the type of sub-module via one of the two connectors.
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Figure 273: Block diagram for the carrier module.
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Serial communication

Application

The serial communication can be used for different purposes, which enable better ac-
cess to theinformation 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 communicationisused 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 alternatively be set up for IEC 60870-5-103 communication.
IEC 60870-5-103 is a standard protocol for protection functions.
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Serial communication, SPA

Application

The SPA communicationismainly used for SMS. It can include different numerical re-
lays/terminal s with remote communication possibilities. Connection to a persona com-
puter (PC) can be made directly (if the PC islocated in the substation) or by telephone
modem through atelephone network with CCITT characteristics.

SMS 510

CAP 535

Optical fibre

loop
Telephone /I/ Telephone

REL 5xx*2.3

REB 551*2.3

REC 561*2.3

modem modem

Opto/electrical
converter

(Minute pulse €n01000080.vsd
from station clock)

Figure 274. Example of SPA communication structure for a station monitoring system

Functionality

The SPA protocol V2.5isan A SCII-based protocol for serial communication. The com-
munication is based on a master-slave principle, where the terminal is aslave 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 systemis:

» Optical fibres
« Opto/electrical converter fo the PC
« PC
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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 535 (Ver. 1.0 or higher) for configuration and parameter setting

* SMS 510 (Ver 1.0 or higher) for reading of disturbance records, events, distance to
fault and trip value settings

* REVAL (Ver 2.0 or higher) for evaluation of the disturbance recorder data

When communicating to a front-connected PC, the only hardware required is the spe-
cial front-connection cable. The software needed in a front connected PC is:

» CAP 535 (Ver. 1.0 or higher) for configuration and parameter setting

» SMS 510 (Ver 1.0 or higher) for reading of disturbance records, events, distance to
fault and trip value settings

* REVAL (Ver 2.0 or higher) is also required if the same PC is used for evaluation of
the disturbance recorder data.

Calculations
The SPA and the IEC use the same rear communication port. To define the protocol to
be used, a setting is done on the local HMI under the menu:

Configuration
TerminalCom
SPA-IECPort

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 communication are the slave num-
ber and baud rate (communication speed). These settings are absolutely essential for all
communication contact to the terminal.

These settings can only be done on the local HMI for rear channel communication at:
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Configuration
TerminalCom
SPACOMM
Rear

and for front connection at:

Configuration
TerminalCom
SPACOMM
Front

The slave number can be set to any value from 1 to 899, as long as the slave number is
unique within the used SPA loop.

The baud rate, which isthe communication speed, can be set to between 300 and 38400
bits/s. The baud rate should be the same for the whole station, although different baud
ratesin aloop are possible. If different baud ratesin the samefibre optical loop are used,
consider this when making the communication setup in the communication master, the
PC. The maximum baud rate of the front connection is limited to 9600 bit/s.

For local communication, 19200 or 38400 bit/sisthe 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 the ter-
minal.
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10.1 Application

The IEC 60870-5-103 communication protocol ismainly used when a protection termi-
nal communicates with athird party control or monitoring system. This system must
have a software that can interpret the [EC 60870-5-103 communication messages.

10.2 Functionality

The IEC 60870-5-103 is an unbalanced (master-slave) protocol for coded-bit seria
communication exchanging information with a control system. In IEC terminology a
primary station is amaster 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 |EC 60870-5-103 communication messages. For detailed information about |EC
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.

10.3 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)

* File transfer (disturbance files)
» 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:
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« Optical fibres, glass/plastic
e Opto/electrical converter for the PC/RTU
e PC/RTU

Events

The events created in the terminal available for the IEC 60870-5-103 protocol are based
on the event function blocks EVO1 - 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 also 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
The fault location is expressed in reactive ohms. In relation to the line length in reactive

ohms, it gives the distance to the fault in percent. The data is available and reported
when the fault locator function is included in the terminal.

Commands

The commands defined in the IEC 60870-5-103 protocol are represented in a dedicated
function block. This block has output signals according to the protocol for all available
commands.

File transfer

The file transfer functionality is based on the Disturbance recorder function. The analog
and binary signals recorded will be reported to the master. The eight last disturbances,
that are recorded, are available for transfer to the master. A file that has been transferred
and acknowledged by the master it cannot 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 analog channels, that are reported, are the first four current inputs and the first four
voltage inputs.

Calculations

Settings from the local HMI

The SPA and the IEC use the same rear communication port. To define the protocol to
be used, a setting is done on the local HMI under the menu:
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Configuration
TerminalCom
SPA-IECPort

When the type of communication protocol is defined, the power to the terminal has to
be switched off and on.

The settings for IEC 60870-5-103 communication are the following:

* Individually blocking of commands

» Setting of measurand type

» Setting of main function type and activation of main function type
» Settings for slave number and baud rate (communication speed)
» Command for giving Block of information command

The settings for individually blocking of commands can be found on the local HMI at:

Configuration
TerminalCom
I[ECCom
Commands

Each command has its 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 settings for type of measurand can be found on the local HMI at:

Configuration
TerminalCom
I[ECCom
M easurands

The type of measurands can be set to report standardised types, Type 3.1, Type 3.2,
Type 3.3, Type 3.4 or Type 9.

The use of main function type is to facilitate the engineering work of the terminal. The

settings for main function type and the activation of main function type can be found on
the local HMI at:

523



Serial communiction, IEC Chapter 13
Data communication

524

Configuration
TerminalCom
I[ECCom
FunctionType

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 al other functions they use
the main function type even when set to OFF.

The settings for communication parameters slave number and baud rate can be found
on the local HMI at:

Configuration
TerminalCom
I[ECCom
Communication

The slave number can be set to any value between 0 to 255.
The baud rate, the communication speed, can be set either to 9600 bits/s or 19200 bits/s.

The settings for issuing a block-of-information command can be found on the local
HMI at:

Configuration
TerminalCom
I[ECCom
Block OfInfo

Information command with the value one (1) blocks all 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.
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The dialogue to operate the output from the BlockOf Information command function is
performed from different state as follows:

1. Selection active; select the:
e C button, and then the No box activates.

» Uparrow, and then New: 0 changes to New: 1. The up arrow changes to the down
arrow.

« E button, and then the Yes box activates.

2. Yes box active; select the:
» C button to cancel the action and return to the BlockOfinfo 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:
» C button to cancel the action and return to the BlockOflnfo window.
» E button to confirm the action and return to the BlockOflnfo window.
» Left arrow to activate the Yes box.

Settings from the CAP 535 tool

Event

For each input of the Event function there is a setting 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 set to 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

As for 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 531
tool.

To realise the BlockOflnformation 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. This input shall have the information number 20
(monitor direction blocked) according to the standard.
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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 vaue 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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11.2

11.3

Serial communication, LON

Application

An optical network can be used within the Substation Automation system. Thisenables
communication with the terminal through the LON bus from the operator’'s workplace,
from the control center and also from other terminals.

Control Center
Micro SCADA

LON-bus LIB 520

REL 5xx*2.3 @
REC 561*2.3 @

REB 551*2.3

Gateway

en01000081.vsd

Figure 275: Example of LON communication structure for substation automation

Functionality

The LON protocol is specified in the LonTalkProtocol Specification Version 3 from
Echelon Corporation. This protocol is designed for communication in control networks
and is a peer-to-peer protocol where all 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 documents Event function and Multiple command function.

Design

The hardware needed for applying LON communication depends on the application,
but one very central unit needed is the 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 LIB 520

high-voltage process package, which is a part of the Application Software Library with-
in MicroSCADA applications.
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The HV/Control software module is intended 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/REx 500 software module is used for setting and monitoring of the terminal
viathe MicroSCADA screen. At use of thisfunction the PST Parameter Setting Tool
(of v1.1 or higher) isrequired.

Calculations

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 viaLON, 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 HM| at:

Configuration
TerminalCom
LONComm
ServicePinM sg

By setting YES, the node addressis sent to the 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. Thisis performed at the local HMI at:

Configuration
TerminalCom
LONComm
L ONDefault

By setting YES, the LON communication isreset in the terminal, 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
areonly for advanced use and should only be changed after recommendation from ABB
Automation Products AB. The time values below are the default settings. The settings
can be found at:

Configuration
TerminalCom
LONComm
SessionTimers
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Serial communication modules (SCM)

SPAI/IEC

The serial communication modulefor SPA/IEC isplaced in aslot at the rear part of the
main processing module. The serial communication modul e can have connectors for
two plastic fibre cables or two glass fibre cables. The incoming optical fibre is connect-
ed to the RX receiver input and the outgoing optical fibreto the TX transmitter output.
Pay special attention to the instructions concerning the handling, connection, etc. of the
optica fibres.

LON

The serial communication modulefor LON isplaced inad ot at therear part of theMain
processing module. The serial communication module can have connectors for two
plastic fibre cables or two glass fibre cables. Theincoming optical fibreis connected to
the RX receiver input and the outgoing optical fibreto the TX transmitter output. Pay
specia attention to the instructions concerning the handling, connection, etc. of the op-
tical fibres.
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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 acase, hardware modules and aset of basic functions.

The closed and partly welded steel case makesit 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 protectionis|P 40 according to IEC 529 for

cases with the widths 1/2x19” and 3/4x19”. For case size 1/1x19” IP 30 applies for the
top and bottom part. IP 54 can be obtained for the front area with accessories for flush
and semiflush mounting. 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 electrical 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 always included in a terminal. Application specific mod-
ules are added to create a specific terminal type or family.

The basic functions provide a terminal 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 a terminal.
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Platform configuration

Table 17: Basic, always included, modules

Module

Description

Combined backplane module (CBM)

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/O.

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.

* For case size 1/2x19” and 3/4x19" a
version with four binary inputs and four
binary outputs are used. An internal fail
alarm output is also available. PSM out-
put power 20W.

» For case size 1/1x19” a version without
binary I/O:s and increased output power
is used. An internal fail alarm output is
available. PSM output power 30W.

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
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Table 18: 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

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 module (SCM)

Used for SPA/LON/IEC communication

LED module (LED-HMI)

Module with 18 user configurable LEDs for indi-
cation purposes
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Figure 276: Basic block diagram
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Figure 277: Internal hardware structure showing a full width case configuration
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Figure 278: Hardware structure of the 1/1x19” case.
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Figure 279: Hardware structure of the 3/4x19” case
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Figure 280: 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 anal og input quantities can be connected to the transformer module (TRM). A
TRM with maximum number of transformers has:

» Five voltage transformers. The rated voltage is selected at order.
e Five current transformers. The rated currents are selected at order.

The input quantities are the following:

» Three phase currents
» Residual current of the protected line

» Residual 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

» Open delta voltage for 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 281 and figure 282.
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Figure 281: Block diagram of the TRM for REL 551, Line differential protection
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Figure 282: Block diagram of the TRM with maximum number of transformersused 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 analogue filter of the first order, with a cut-off
frequency of 500 Hz. Thisfilter is used 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 databetween the A/D-conversion modul e and the signal processing
module is done on a supervised seria 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 283: 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 284. Block diagram for the ORM
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Main processing module (MPM)

Theterminal isbased on a pipelined multi-processor design. The 32-bit main controller
receives the result from the Signal processing module every millisecond.

All memory management are also handled by the main controller. The module has8MB
of disc memory and 1IMB of code memory. It also has 8MB of dynamic memory.

The controller also serves four serial links: one high-speed CAN bus for Input/Output
modules and three serial links for different types of HMI communication.

The main controller makes all decisions, based on the information from the Signal pro-
cessing module and from the binary inputs. The decisionsare sent to the different output
modules and to these communication ports:

» Local HMI module including a front-connected PC, if any, for local human-machine
communication.

* LON communication port at the rear (option).
» SPA/IEC communication port at the rear (option)
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Figure 285: Block diagram for the MPM

To alow easy upgrading of softwarein the field a special connector is used, the Down-
load connector.
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Signal processing module (SPM)

All numerical dataisreceivedin al of the up to 12 (16 bits) digital signal processors
(DSP). In these DSPs, the main part of the filtering and the calculations take place. The
result from the calculationsin the DSPs is sent every millisecond on a parallel busto
the (32 bit) main controller on the Main processing module.
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Figure 286: 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/0O slots available 13 8 3

A number of signals are available for signalling purposes in the terminal and all are
freely programmable. The voltage level of the input/output modulesis selectable at or-
der. Availableversionsare RL 48, 110, or 220 (48/60 V +/-20%, 110/125V +/-20% or
220/250 V +/-20%). The Binary in/out module and the Binary input module are also
availablein an RL 24 version (24/30 V +/-20%).

Figure 287 shows the operating characteristics of the binary inputs of the four voltage
levels.
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Figure 287: Voltage dependence for the binary inputs

Table 19: Input voltage ranges explained

. Guaranteed operation

Operation uncertain

No operation

The 1/0 modules communicates with the Main Processing M odule viathe CAN-bus on
the backplane.

Thedesign of all 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 288.
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Figure 288: 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 evaluation 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 289: Block diagram of the binary input module
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Binary output module (BOM)

The Binary output module has 24 single-output relays or 12 command-output relays.
They are grouped together as can be seen in figure 290 and 291. All the output relays

have contacts with a high switching capacity (trip and signal relays).
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Figure 290: 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 291: 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 coll
» failure of an output relay driver.

Binary 1/0 module (IOM)

The binary in/out module 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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Figure 292: Block diagram for the binary input/output module
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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 1/0O 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 293: Block diagram for the PSM used in 1/2x19” and 3/4x19” cases.

The power supply module (PSM) used in 1/1x19” cases contains a built-in, self-regu-
lated DC/DC converter that provides full isolation between the terminal and the exter-
nal 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 can provide 30W for the extended number of modules in the 1/1x19” plat-
form.
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Figure 294: Block diagram for the PSM used in the 1/1x19” case.
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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 anal og inputs measure DC and low frequency currentsin range of up to +/- 20mA.
The A/D converter hasadigital filter with selectablefilter frequency. All inputs are cal-
ibrated separately and stored in a non-volatile memory and the module will self-cali-
brate if the temperature should start to drift. This module communicates, like the other
I/O- modules, with the Main Processing M odule viathe CAN-bus.
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Figure 295: 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.
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Trip

Optical connector
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Figure 296: Local HMI

The PC isconnected viaaspecial cable, that hasabuilt-in optical to electrical interface.
Thus, disturbance-free local serial communication with the personal computer is
achieved. Softwaretools are availablefrom ABB for thiscommunication. A PC greatly
simplifies the communication with the terminal. It also gives the user additional func-
tionality which is unavailable on the HM| because of insufficient space. The LEDson
the HMI display this information:
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Table 20: 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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