


Note

( ]
l For safety purposes, please note instructions and warnings in the Preface.

Disclaimer of Liabili

We have checked the con his manual against the hardware
and software described. However, deviations from the description
cannot be completely ruled out, so that no liability can be accepted
for any errors or omissiogs contained in the information given.

The informatian given in this document is reviewed regularly and
any necessary cerrections will be included in subsequent editions.

date 01.2008

Siemens Aktiengesellschaft

Copyright
Copyright © Siemens AG 2007. All rights reserved.

Dissemination or reproduction of this document, or evaluation and
communication of its contents, is not authorized except where ex-
pressly permitted. Violations are liable for damages. All rights re-
served, particularly for the purposes of patent application or trade-
mark registration.

Registered Trademarks

SIPROTEC, SINAUT, SICAM and DIGSI are registered trademarks
of Siemens AG. Other designations in this manual might be trade-
marks whose use by third parties for their own purposes would in-
fringe the rights of the owner.

Order no.: C53000-G1140-C207-2



O
Preface C)

L 4

Purpose of this Manual

This manual describes the functions, operation, installation, and commissioning\@?smzm. In par-

ticular, one will find:

 Information regarding the configuration of the scope of the device and a desc of the device functions
and settings — Chapter 2;

« Instructions for Installation and Commissioning — Chapter 3;
e Compilation of the Technical Data — Chapter 4;
« As well as a compilation of the most significant data for adva s — Appendix A.

General information with regard to design, configuration, of SIPROTEC 4 devices are set out in

the SIPROTEC 4 System Description /1/.

of selective protective equipment, automatic and control facilities, and personnel of electrical facilities and

Target Audience
Protection engineers, commissioning engineers, % oncerned with adjustment, checking, and service
power plants.

Applicability of this Manual

This manual applies to: SIPROTE\Zunctona Protective Relay with Local Control 7SJ62/64; firmware

version V 4.7.

Indication of Conformity
4

ies with the directive of the Council of the European Communities on the
f the laws of the Member States relating to electromagnetic compatibility (EMC
tive 89/336/EEC) and concerning electrical equipment for use within specified
imits (Low-voltage Directive 73/23 EEC).
formity has been established by means of tests conducted by Siemens AG in accor-
ith Article 10 of the Council Directive in agreement with the generic standards EN

(€

-voltage directive.

e device has been designed and produced for industrial use.

The product conforms with the international standards of the series IEC 60255 and the German
standard VDE 0435.
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Additional Standards IEEE Std C37.90-*

IND. CONT. EQ. i IND. CONT. EQ. 0
cus O9CA X us

LISTED .

Additional Support

Should further information on the System SIPROTEC 4 be desired or should particul
are not covered sufficiently for the purchaser's purpose, the matter should be referr
resentative.

Our Customer Support Center provides a 24-hour service.
Phone: 01 80/5 24 70 00

Fax: 01 80/5 2424 71
e-mail: support.energy@siemens.com
Training Courses x
d

Enquiries regarding individual training courses should b% d to our Training Center:

ems arise which
ocal Siemens rep-

S

Siemens AG

Power Transmission and Distribution PoweQ@

Training Center

Humboldt Street 59 \
90459 Nuremberg @
Telephone:0911 / 4 33-70 05

Fax:0911 / 4 33-79 29 ¢ O
Internet: www.ptd-traininde:\\

O
Q>®
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Safety Information

damage. Information that is highlighted by means of a warning triangle and according to the degree
is illustrated as follows.

DANGER! ¢
Danger indicates that death, severe personal injury or substantial material damage \@It if proper precau-

not taken.

tions are not taken.
WARNING!
indicates that death, severe personal injury or substantial property damag@ It if proper precautions are

> B>

Caution! E

indicates that minor personal injury or property damage
particularly applies to damage to or within the device itself

r roper precautions are not taken. This
quential damage thereof.

Note
indicates information on the device, handling of tr&wice, or the respective part of the instruction manual

SIPROTEC, 7SJ62/64, Manual

which is important to be noted.
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WARNING!

A Qualified Personnel O
d

Commissioning and operation of the equipment (module, device) as set out in this manual may only be ¢
out by qualified personnel. Qualified personnel in terms of the technical safety information as set out in this
manual are persons who are authorized to commission, activate, to ground and to designate devices, syste
and electrical circuits in accordance with the safety standards.

L 4

Use as prescribed

The operational equipment (device, module) may only be used for such applications as set o%catalogue
and the technical description, and only in combination with third-party equipment recom de approved

by Siemens.

The successful and safe operation of the device is dependent on proper handling, stora Q stallation, opera-

tion, and maintenance.

When operating an electrical equipment, certain parts of the device are inevit; S to dangerous voltage.
Severe personal injury or property damage may result if the device is not dl roperly.

Before any connections are made, the device must be grounded to the ndterminal.

All circuit components connected to the voltage supply may be @ gerous voltage.

Dangerous voltage may be present in the device even after ply voltage has been removed (ca-

pacitors can still be charged).
Operational equipment with exposed current transformer not be operated.

The limit values as specified in this manual or in the operating instructions may not be exceeded. This aspect
must also be observed during testing and commissi

L 4
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Typographic and Symbol Conventions

The following text formats are used when literal information from the device or to the device appear in@t
flow:

Parameter Names

Designators of configuration or function parameters which may appear word-for-word in the displa: he
device or on the screen of a personal computer (with operation software DIGSI), are marked in bold letters in
monospace type style. The same applies to the titles of menus. Y 4

1234A %

Parameter addresses have the same character style as parameter names. Paral r sses contain the
suffix A in the overview tables if the parameter can only be set in DIGSI via the gption Display additional set-
tings.

Parameter Options

Possible settings of text parameters, which may appear word-for-wordsin t isplay of the device or on the
screen of a personal computer (with operation software DIGSI), are addi lly written in italics. The same
applies to the options of the menus.

,Messages“

Designators for information, which may be output by the rel
gear, are marked in a monospace type style in quot

Deviations may be permitted in drawings and table e
the illustration. K

The following symbols are used in drawings:

ired from other devices or from the switch

type of designator can be obviously derived from

310 Internal in ignal of an analog quantity

2701 External input signal with number (binary input, input indication)
[

1114 E@)inary output signal with number (device indication)
—(Rpri = x
E

xternal binary output signal with number (device indication) used as
ut signal

[1234] FuncTION xample of a parameter switch designated FUNCTION with address
' 1234 and the possible settings ON and OFF

L 4
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Besides these, graphical symbols are used in accordance with IEC 60617-12 and IEC 60617-13 or similar.

Some of the most frequently used are listed below:

r—n Input signal of analog quantity Q
- I

L —
— o AND-gate operation of input values
_C
Z Inversion of the Signal ’
— or OR-gate operation of input values %
—Tror Exklusive OR-gate (antivalence): output is active, if only o o\
— inputs is active
] Coincidence gate (equivalence): output is active, if b in are
I active or inactive at the same time
— Dynamic inputs (edge-triggered) above with pasiti elow with nega-

— tive edge
—
e Formation of one analog output signal f ber of analog input
= signals
>
Limit stage with setting address arameter designator (name)

T oF

|
5

m justable) with setting address and

Timer (pickup delaydF, €
parameter desig @

Timer (dropo@example non-adjustable)
Dymmic\@d pulse timer T (monoflop)

&mory (RS-flipflop) with setting input (S), resetting input (R),

Ot ) and inverted output (Q)

Q>®
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The device family SIPROTEC 7SJ62/64 devices is introduced in this section. An overyie he devices is pre-
sented in their application, characteristics, and scope of functions.
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Introduction

1.1 Overall Operation

1.1

Overall Operation

The digital SIPROTEC 7SJ62/64 multifunction protection devices are equipped with a powerful microproces-
sor. It allows all tasks to be processed digitally, from the acquisition of measured quantities to sending com-
mands to circuit breakers. Figures 1-1 and 1-2 illustrate the basic structure of the 7SJ62 and 7SJ64 an
following paragraphs describe each major element.

Analog Inputs

20

4
The measuring inputs (MI) convert the currents and voltages coming from the instrum r rmers and
adapt them to the level appropriate for the internal processing of the device. The device i our current
inputs. Depending on the model, the device is also equipped with three or four voltage'i . Three current
inputs serve for input of the phase currents. Depending on the model, the fourth current i n) may be used
e

for measuring the ground fault current I (current transformer starpoint) or for a sep und current trans-
former (for sensitive ground fault detection I and directional determination of greund faults).
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oltage inputs can either be used to measure the three phase-to-ground voltages, or two phase-to-phase volt-
s and the displacement voltage (V voltage). It is also possible to connect two phase-to-phase voltages in
open-delta connection.
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The 4 voltage transformers of the 7SJ623, 7SJ624 and 7SJ64 can either be applied for the input of 3 phase-
to-ground voltages, one displacement voltage V4, Or @ further voltage for the synchronizing function.

a high-resistance termination for the input quantities. It consists of filters that are optimized for me ed-V
processing with regard to bandwidth and processing speed.

The analog-to-digital (AD) element consists of a multiplexor, an analog-to-digital (A/D) converter and of memory
components for the transmission of digital signals to the microcomputer system.
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Figure,1-2 @rdware structure of the numerical multi-functional protection devices
J623, 7SJ624 and 7SJ64
L 4
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Microcomputer System

Apart from processing the measured values, the microcomputer system (uC) also executes the actual prote
tion and control functions. They especially include:

 Filtering and preparation of the measured quantities 0
< Continuous monitoring of the measured quantities
» Monitoring of the pickup conditions for the individual protective functions
 Interrogation of limit values and sequences in time @
» Control of signals for the logic functions
» Output of control commands for switching devices %
* Recording of messages, fault data and fault values for analysis \
402:7

* Management of the operating system and the associated functions such as data r real-time clock,

Binary Inputs and Outputs

communication, interfaces, etc.
« The information is distributed via output amplifiers (OA).

Binary inputs and outputs to and from the computer system are relaye input/output modules. The com-
puter system obtains the information from the system (e.g. remo e or the external equipment (e.g.
blocking commands). Outputs are, in particular, commands to the Swi ear units and annunciations for
remote signalling of important events and statuses.

Front Panel \

In devices with integrated or detached operator panel g
measured values and the functional status of the deyi
display screen (LCD) on the front panel.

jon such as messages related to events, states,
isualized by light-emitting diodes (LEDs) and a

Integrated control and numeric keys in conju with the LCD enable interaction with the remote device. Via
these elements all information of the devic c configuration and setting parameters, operating and fault

messages, and measured values can b@ d. Setting parameters may be changed in the same way.

In addition, control of circuit breakers a
L 2 \< ’

L 4

equipment is possible from the front panel of the device.
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Serial Interfaces

The Front PC Interface is provided for local communications with a personal computer using the DI -
ware. This facilitates a comfortable handling of all device functions.

The Rear Service Interface can also be used to communicate with the relay from a PC running the DIGSI soft-
ware. This interface is especially well suited for a permanent connection of the devices to the P oper-
ation via a modem. The service interface can also be used to connect an RTD box (= resistance temperature
detector) for obtaining external temperatures (e.g. for overload protection). .

The Additional Interface (only 7SJ64) is designed exclusively for connection of a RTD=Box (= resistance tem-
perature detector) for obtaining external temperatures.

All data can be transferred to a central control center or monitoring system via t\ ystem Interface.
This interface may be provided with various protocols and physical transmission s s to suit the particular
application.

A further interface is provided for the time synchronization of the internal clo ia external synchronization

sources.

A range of communication protocols are available from a variety o itional interface modules.

The operator or service interface allows you to operate the de\@ remote location or on site using a
cKi

standard browser. This is possible during commissioning; d also during operation of the devices.
The SIPROTEC 4 Standard ,WEBMonitor" is available for

Power Supply x
A power supply unit (Vaux or PS) delivers power t@ the ional units on the different voltage levels. Voltage
dips may occur if the voltage supply system (subst battery) becomes short-circuited. Usually, they are
bridged by a capacitor (see also Technical Data

N
S

L 4

Q
o
&

L 4
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1.2 Application Scope

The digital SIPROTEC 4 7SJ62/64 multifunction protection relays are versatile devices designed for protection;
control and monitoring of busbar feeders. The devices can be used for line protection in networks that are
grounded, low-resistance grounded, ungrounded, or of a compensated neutral point structure. They are suited
for networks that are radial or looped, and for lines with single or multi-terminal feeds. The devices are equipped
with motor protection applicable for asynchronous machines of all sizes.

The devices include the functions that are necessary for protection, monitoring of circuit breakegpositions, and
control of the circuit breakers in straight bus applications or breaker-and-a-half configurations; therefore, the
devices can be universally employed. The devices provide excellent backup facilities of differential protective
schemes of lines, transformers, generators, motors, and busbars of all voltage levels.

Protective Functions

Non-directional overcurrent protection (50, 50N, 51, 51N) is the basis of the deviceyThere are three definite
time overcurrent protective elements and one inverse time element for the phaseteurrents and the ground cur-
rent. For inverse time overcurrent protective elements, several curves of diffesent standards are provided. Al-
ternatively, user-defined characteristic can be programmed.

Depending on the version of the device that is ordered, the non-diréetional @vercurrent protection can be sup-
plemented with directional overcurrent protection (67, 67N), breakek failure protection (50BF), and sensitive
ground fault detection for high-resistance ground faults. Thé‘highly,sensitive ground fault detection can be di-
rectional or non-directional.

In addition to the fault protection functions already mentioned, othér protective functions are available. Some
of them depend on the version of the device that is orderediThese additional functions include frequency pro-
tection (810/U), overvoltage protection (59) and undervgltage protection (27), negative sequence protection
(46) and overload protection (49) with start inhibityfor motors (66/68), motor starting protection (48) and step
change protection as well as automatic reclosing (79) which allows different reclosing cycles on overhead lines.
An automatic reclosing system may also be connected externally. To ensure quick detection of the fault, the
device is equipped with a fault locator.

A protection feature can be ordered forghe detection of intermittent ground faults which detects and accumu-
lates transient ground faults.

External detectors account for,ambient temperatures or coolant temperatures (by means of an external RTD-
box).

Before reclosing after three-pole,tripping the 7SJ623, 7SJ624 and 7SJ64 can verify the validity of the reclosure
by means of voltage check'amd/or'synchrocheck. The synchronization function can also be controlled external-

ly.

Control Functions

The devicejfeatures ameontrol function for activating and deactivating switchgears via the integrated operator
panel, thé system interface, binary inputs, and the serial port using a personal computer with DIGSI.

The statusiof thegprimary equipment can be transmitted to the device via auxiliary contacts connected to binary
inputs. The preésent status (or position) of the primary equipment can be displayed on the device, and used for
interlocking or plausibility monitoring. The number of the operating equipment to be switched is limited by the
binary inputs and outputs available in the device or the binary inputs and outputs allocated for the switch posi-
tien indications. Depending on the primary equipment being controlled, one binary input (single point indication)
or two binary inputs (double point indication) may be used for this process.
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The capability of switching primary equipment can be restricted by a setting associated with switching autharity
(Remote or Local), and by the operating mode (interlocked/non-interlocked, with or without password reguest)t

Processing of interlocking conditions for switching (e.g. switchgear interlocking) can be established withithe aid
of integrated, user-configurable logic functions.

Messages and Measured Values; Recording of Event and Fault Data

The operational indications provide information about conditions in the power system and the devige. Measure-
ment quantities and values that are calculated can be displayed locally and communigcated via the serial inter-
faces.

Device messages can be assigned to a number of LEDs on the front cover (allocatable), can be externally pro-
cessed via output contacts (allocatable), linked with user-definable logic functions‘and/or issued via serial in-
terfaces.

During a fault (system fault) important events and changes in conditions ake saved in fault protocols (Event Log
or Trip Log). Instantaneous fault values are also saved in the device and may,be analized subsequently.

Communication

The following interfaces are available for the communication,with @xternal operating, control and memory sys-
tems.

A 9-pole DSUB miniature female connector on the frontpanelServes the purpose of local communication with
a PC. By means of the SIPROTEC 4 operating softwéare DIGSI, all operational and evaluation tasks can be
executed via this operator interface, such as specifyingiand modifying configuration parameters and settings,
configuring user-specific logic functions, retrieving‘@perational messages and measured values, inquiring
device conditions and measured values, issuifng ¢entrol commands.

Depending on the individual ordering variant, additional interfaces are located at the rear side of the device.
They serve to establish extensive comimunjcation with other digital operating, control and memory components:

The service interface can be operated Viayelectrical data lines or fiber optics and also allows communication
via modem. For this reason, remote, operation is possible via personal computer and the DIGSI operating soft-
ware, e.g. to operate several deyicesWVia a central PC.

The additional port (only 73962) isidésigned exclusively for connection of a RTD-Box (= resistance tempera-
ture detector) for entering externaltemperatures. It can also be operated via data lines or fibre optic cables.

The system interface ensures the central communication between the device and the substation controller. It
can also be operated viaydata lines or fibre optic cables. Standard protocols are available to transmit data ac-
cording to IEC 6087025-103 via system port. The integration of the devices into the automation systems
SINAUT LSA and SICAM can also take place with this profile.

The EN-100-modulesallows the devices to be integrated in 100-Mbit-Ethernet communication networks in
control and automation systems using protocols according to IEC61850. Besides control system integration,
this interface enables DIGSI-communication and inter-relay communication via GOOSE.

Alternatively,field bus coupling with PROFIBUS FMS is available for SIPROTEC 4. The PROFIBUS FMS ac-
cording toDIN 19245 is an open communication standard that particularly has wide acceptance in process
contrahand automation engineering, with exceptional high performance. A profile has been defined for the
PROFIBUS communication that covers all of the information types required for protection and process control
engineering. The integration of the devices into the power automation system SICAM can also take place with
this profile.

Besides the field-bus connection with PROFIBUS FMS, further couplings are possible with PROFIBUS DP and
the protocols DNP3.0 and MODBUS. These protocols do not support all possibilities which are offered by
PROFIBUS FMS.

Furthermore, a redundant IEC 60870-5-103 interface is available.
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1.3 Characteristics

General Characteristics

Powerful 32-bit microprocessor system.

Complete digital processing and control of measured values, from the sampling of the analog input quanti-
ties to the initiation of outputs, for example, tripping or closing circuit breakers or other switchgear devices.

Total electrical separation between the internal processing stages of the device and the extesnal transformer,
control, and DC supply circuits of the system because of the design of the binary inputs, lQutputs, and the
DC or AC converters.

Complete set of functions necessary for the proper protection of lines, feeders, motors,fandbusbars.

Easy device operation through an integrated operator panel or by means of a cofinectedgqersonal computer
running DIGSI.

Continuous calculation and display of measured and metered values on the¥ront'of the device.
Storage of min/max measured values (slave pointer function) and storagetef long-term mean values.

Recording of event and fault data for the last 8 system faults (fault in a/lnetwork) with real-time information
as well as instantaneous values for fault recording for a maximum,timeyrange of 20 s.

Constant monitoring of the measured quantities, as well @seontinuous self-diagnostics covering the hard-
ware and software.

Communication with SCADA or substation controller eguipment via serial interfaces through the choice of
data cable, modem, or optical fibers.

Battery-buffered clock that can be synchronized with @miRIG-B (via satellite) or DCF77 signal, binary input
signal, or system interface command.

Motor Statistics: Recording of important Statistical motor data (operation and startup information).

Switching statistics: Recording of the number ofitrip signals instigated by the device and logging of currents
switched off last by the device, as well@S@accumulated short circuit currents of each pole of the circuit break-
er.

Operating Hours Counter: Tracking of@perating hours of the equipment being protected.

Commissioning aids such as tenneetion check, direction determination, status indication of all binary inputs
and outputs, easy check of'systempinterface and influencing of information of the system interface during
test operation

Time Overcurrent Protection 50, 51, 50N, 51N

26

Three definite timeveércurrent protective elements and one inverse time overcurrent protective element for
phase current and.ground current |, or summation current 3l;

two-phase @peration of the time overcurrent protection (I, 1) is possible;

Different curves of common standards are available for 51 and 51N, or a user-defined characteristic;
Blocking capability e.g. for reverse interlocking with any element;

Instantaneous tripping by any overcurrent element upon switch onto fault is possible;

In-rush restraint with second harmonic oscillation.

SIPROTEC, 7S5J62/64, Manual
C53000-G1140-C207-2, Release date 01.2008



Introduction
1.3 Characteristics

Ground Fault Protection 50N, 51N

« Three definite time overcurrent protective elements and one inverse time overcurrent protective ele r
high-resistance ground faults in grounded systems;

» Different curves of common standards are available for 51 and 51N, or a user-defined charac@
* In-rush restraint with second harmonic oscillation;

« Instantaneous tripping by any overcurrent element upon switch onto fault is possible.

4
Directional Time Overcurrent Protection 67, 67N
« Three directional time overcurrent elements for both phase protection and ng ction operate in par-
allel to the non-directional time overcurrent elements. Their pickup values and elays can be set inde-

pendently from the non-directional time overcurrent elements.

« Fault direction with cross-polarized voltages and voltage memory. Dynamically unlimited direction sensitivi-
ty;

« Fault direction is calculated phase-selectively and separately for se fatlts, ground faults and summation

current faults. @
Dynamic Cold Load Pick-up Function 50C, 50NC, 51C, 51NC, 67C,

< Dynamic changeover of time overcurrent protectio

.g. when cold load conditions are anticipated,;
« Detection of cold load condition via circuit brea or current threshold;
< Activation via automatic reclosure (AR) possib

- Start also possible via binary input.

Single-Phase Overcurrent Protection

< Evaluation of the measured curr: ia sensitive or insensitive ground current transformer;

« Suitable as differential prote
side or a motor side or for

includes the neutral point current on a transformer side, a generator
d reactor set;

+ Astank leakage protection against illegal leakage currents between transformer casing and ground.

« Two-element 6 ge detection via the positive sequence system of the voltages, phase-to-phase or
n

Voltage Protection 27, 59

phase-ground voltages;

« Choice supervision for 27-1 and 27-2;
e T ervoltage detection via the positive sequence system voltages, negative sequence system

oltage! ase-to-phase or phase-ground voltages;

le-phase connection, the connected single-phase phase-to-ground or phase-to-phase voltage is

» settable dropout ratio for all elements of the undervoltage and overvoltage protection.
L 4
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Negative Sequence Protection 46

< Evaluation of negative sequence component of the currents; O

* Two definite-time elements 46-1 and 46-2 and one inverse-time element 46-TOC; curves of common
dards are available for 46-TOC.

Motor Starting Protection 48
4

« Inverse time tripping characteristic based on an evaluation of the motor starting current;

« Definite time delay for blocked rotor. \

Motor Restart Inhibit 66, 86
« Approximate replica of excessive rotor temperature;

- Startup is permitted only if the rotor has sufficient thermal reserves for a co e startup;

« Disabling of the start inhibit is possible if an emergency startup is requiHQ

Load Jam Protection for Motors 51M
< Protection of motors during sudden rotor blocking
« Evaluation of the positive sequence system of phase cur

< Evaluation of the circuit breaker switching state \

« Blocking of function during motor standstill and durin tor startup

Frequency Protection 81 O/U @

« Monitoring on undershooting (f<) and/or oting (f>) with 4 frequency limits and delay times that are
independently adjustable;

« Insensitive to harmonics and abrupt angle changes;

« Adjustable undervoltage threshol

L 4
Thermal Overload Protection 49

e Thermal profile of ene s (overload protection has total memory capability);
+ True r.m.s. calculatio K

« Adjustable thermal @vel;

« Adjustable alar ased on current magnitude;

ant setting for motors to accommodate the motor at standstill;

ient temperature or coolant temperature is possible via external temperature sensors and
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Monitoring Functions

Intermittent Ground Fault Protection

Availability of the device is greatly increased because of self-monitoring of the internal measurement ,
power supply, hardware, and software;

Current transformer and voltage transformer secondary circuits are monitored using summatign andfsym-
metry check techniques

Trip circuit monitoring;

Phase rotation check.

4
Ground Fault Detection 50N(s), 51N(s), 67N(s), 59N/64 \%
e

Two-element Ground Fault Detection: 50Ns-1 and 50Ns-2;

Displacement voltage is measured or calculated from the three phase volt
Determination of a faulty phase on ungrounded or grounded networké

High sensitivity (as low as 1 mA);

2

Overcurrent element with definite time or inverse time delay;

one user-defined, two logarithmic inverse current/time
51N are available;

nd one VO-10-¢ characteristic for 51 and

Direction determination with zero-sequence quan

Any element can be set as directional or non-directional— forward sensing directional, or reverse sensing

, Wattmetric ground fault direction determina-

directional;

Detects and accumulates inte ground faults;

Tripping after config’urab totalgti

Automatic Reclosing 79 \

Single-shot or M
With separat@imes for the first and all succeeding shots;
Protect I ents that initiate automatic reclosing are selectable. The choices can be different for phase

fa and® d faults;
iffere ograms for phase and ground faults;
r

action to time overcurrent protection element and ground fault elements. They can be blocked in de-
ce of the reclosing cycle or released instantaneously;

Synchronous reclosing is possible (only for 7SJ623, 7SJ624 and 7SJ64) in combination with the integrated
4synchronizing feature.
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Fault Location
« [Initiation by trip command, external command or dropout of pickup;

« Fault distance is calculated and the fault location given in ohms (primary and secondary) and in kilom
or miles;

< up to three line sections can be configured.

Breaker Failure Protection 50 BF

4
« Checking current flow and/or evaluation of the circuit breaker auxiliary contacts; %
 Initiated by the tripping of any integrated protective element that trips the circuit bre\
« [Initiation possible via a binary input from an external protective device.

Flexible Protective Functions 0

« Up to 20 protection functions which can be set individually to operate in three-phase or single-phase mode;
« Any calculated or directly measured value can be evaluated on prin ;

« Standard protection logic function with definite time characteri

« Internal and configurable pickup and dropout delay;

« Modifiable message texts. \

Synchrocheck (only 7SJ623, 7SJ624 and 7SJ64)

« Verification of the synchronous conditions before fre after three-pole tripping;

(v}

« Fast measurement of the voltage differen

Af; @
< Alternatively, check of the de-energize

« Switching possible for asynchronou%conditions with prediction of the synchronization time (only

e angle difference Ag and the frequency difference
ore reclosing;
75J364);
+ Settable minimum and maWu@e;
Verification of the synchron Nitions or de-energized state also possible before the manual closing of
t

the circuit breaker, wit e limit values;

« Measuring voltages

« Measurement also possiblevia transformer without external intermediate matching transformer;
@IIy phase-to—phase or phase—to—ground.

RTD-Boxes

pera

. Det(@nbient temperatures or coolant temperatures by means of RTD-Boxes and external tem-
nsofs.

L 4
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Phase Rotation

« Selectable ABC or ACB by setting (static) or binary input (dynamic). O

Circuit-Breaker Maintenance
« Statistical methods to help adjust maintenance intervals for CB contacts according to their actual'wear;

« several independent subfunctions have been implemented (Xl -procedure, ZI* -procedure, 2P.—procedure
and |1%t-procedure);

« Acquisition and conditioning of measured values for all subfunctions operate h@ctive using one
procedure-specific threshold per subfunction. \
User Defined Functions
« Internal and external signals can be logically combined to establish @d logic functions;
< All common Boolean operations are available for programming ( , NOT, Exclusive OR, etc.);

« Time delays and limit value interrogation;

« Processing of measured values, including zero suppression,ad knee curve for a transducer input, and
live-zero monitoring;
Breaker Control . ‘

« Circuit breakers can be opened and closed via gpe ocess control keys (models with graphic displays
only), the programmable function keys on the panel, via the system interface (e.g. by SICAM or

SCADA), or via the front PC interface usin sohal computer with DIGSI);
« Circuit breakers are monitored via ak xiliary contacts;
« Plausibility monitoring of the circ er position and check of interlocking conditions.

. N
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Functions O 2

L 4
This chapter describes the numerous functions available on the SIPROTEC 4 devic 64. It shows the
setting possibilities for each function in maximum configuration. Information with r determination of

setting values as well as formulas, if required, are also provided.

Based on the following information, it can also be determined which of the provid Linctions should be used.

d

2.1 General 34
2.2 Overcurrent Protection 50, 51, 50N, 51N 63
2.3 Directional Overcurrent Protection 67, 67N 96
2.4 Dynamic Cold Load Pickup 122
25 Single-Phase Overcurrent Protection 129
2.6 Voltage Protection 27, 59 140
2.7 Negative Sequence Protection 46 K 151
2.8 Motor Protection 159
2.9 Frequency Protection 81 182
2.10 Thermal Overload Protection 187
211 Monitoring Functions 197
2.12 Ground Fault Proteetio 67N(s), 50N(s), 51IN(s) 219
2.13 Intermittent @round, Fault Protection 243
Automatic System 79 250
274
re Protection 50BF 278
2 Protection Functions 284
e-Power Protection Application with Flexible Protection Function 296
ynchronization Function 305
Temperature Detection via RTD Boxes 323
221 Phase Rotation 332
.4 , ,
2.22 Function Logic 334
2.23 Auxiliary Functions 336
2.24 Protection for Single-phase Voltage Transformer Connection 373
2.25 Breaker Control 378
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Functions

2.1 General

2.1

211

2111

General

The settings associated with the various device functions may be modified using the operating or service i
face in DIGSI in conjunction with a personal computer. Some parameters may also be changed using the con
trols on the front panel of the device. The procedure is set out in detail in the SIPROTEC System Descripti

. 4
Functional Scope
The 7SJ62/64 relay contains protection functions as well as auxiliary functions. The ha% irmware is
designed for this scope of functions. Additionally, the control functions can be matche stem require-
ments. Individual functions can be enabled or disabled during the configuration proc e interaction of
functions may also be modified. 0
Description Q

Setting the Functional Scope

Example for the configuration of the functional scope:

A protected system consists of overhead lines and undergro . Since automatic reclosing is only
needed for the overhead lines, the automatic reclosing fu ni t configured or "disabled" for the relays
protecting the underground cables.

The available protection and additional functions can red as Enabled or Disabled. For individual

functions, a choice between several alternatives ma ible, as described below.
Functions configured as Disabled are not the 7SJ62/64. There are no messages and corre-
sponding settings (functions, limit values),q during configuration.

Note

Available functions and default settings‘ar, pending on the order variant of the relay (see A.1 for details).

@
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Functions
2.1 General

2.1.1.2 Setting Notes

Setting the Functional Scope

Configuration settings can be entered using a PC and the software program DIGSI and transferred via the front
serial port or the rear service interface of the device. The operation via DIGSI is explained in the SIPROTEC 4
System Description.

For changing configuration parameters in the device, password no.7 is required (for parameter set). Without
the password, the settings can be read but not modified and transmitted to the devicef

The functional scope with the available options is set in the Functional Scope dialog box4o match plant re-
quirements.

Special Features
Most settings are self-explanatory. The special features are described below.

If you want to use the setting group change function, set address 108 Grp Chge OPTION to Enabled. Simple
and fast changeover between up to four different setting groups isgppossible in service. Only one setting group
can be selected and used if this option is Disabled.

For the overcurrent elements of the time overcurrent protectiony(separately for phase currents and ground cur-
rent), various tripping characteristics can be selectedsat address#12 Charac. Phase and 113 Charac.
Ground. If only the definite characteristic is desired, then Definite Time should be selected. Additionally,
depending on the version ordered, various inverse time characteristics, based on either IEC (TOC IEC) stan-
dards or ANSI (TOC ANSI standards), or user-defined characteristic are available for selection. The dropout
behaviour of the IEC and ANSI characteristics will beispecified later with settings (addresses 1210 and 1310).
But for the user-defined characteristic, you can ch@ese in address 112 and 113 whether to specify only the
pickup characteristic (User Defined APU)orthe pickup and the dropout characteristic (User def. Reset).

Additionally, the superimposed high-€urrentelements 50-2 and 50-3 are available in all these cases. Time over-
current protection may be set to Disabled during configuration.

For directional time overcurrent pretection, the same information that was entered for the non-directional time
overcurrent protection (except the 50-3'element) can be entered under addresses 115 67/67-T0OC and 116
67N/67N-TOC.

For the (sensitive) ground fault detection, the measurement procedures cos ¢ / sin ¢ orV0O/I0 ¢ mea.
for direction determination‘¢an be set via the parameter 130 S.Gnd.F.Dir.Ch.cos ¢ / sin ¢ the stan-
dard procedure (via reSidual wattmetric current detection) set by default. If the measurement procedure cos ¢
/ sin ¢ is set, youcan select between an inverse (Definite Time) characteristic, a User Defined PU
and two logarithmic’inverse characteristics at address 131 Sens. Gnd Fault. The setting VO/I0 ¢ mea.
provides the definite time characteristic Definite Time.When selecting the setting Disabled, the entire
function is disabled"

For tHeyintermittent ground fault protection, you can specify the measured quantity with Ignd,with 3I0 or
with Ignd,sens.) to be used by this protection function at address 133 INTERM.EF.

For negativeé sequence current protection, address 140 46 is used to specify whether the tripping characteris-
tics'should be Definite Time, TOC ANSI or TOC IEC, or whether the function is to be Disabled.

For overload protection, address 142 49 allows you to specify whether the thermal replica of the overload pro-
tegtion will account for a coolant temperature or ambient temperature (With amb. temp.) or not (No
ambient temp), or whether the entire function is Disabled.
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2.1 General
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Up to four function groups are available for the synchronization function (only one for 7SJ62). The parameters
161 25 Function 1to 164 25 Function 4 indicate whether a synchronization function is Disabled or
Enabled. The latter is determined by selecting the operating mode ASYN/SYNCHRON (closing takes place for
asynchronous and synchronous conditions) or SYNCHROCHECK (corresponds to the classical synchrocheck
function). 7SJ62 only provides the function SYNCHROCHECK.

For the circuit-breaker maintenance function, several options are available under address 172 52 B.WEAR
MONIT. Irrespective of this, the basic functionality of the summation current formation (X1 procedure) is always
active. It requires no further configurations and adds up the tripping currents of the trips initiated by the grotec-
tion functions.

When selecting the ZI* procedure, the sum of all tripping current powers is formed andiissuedas areference
value. The 2P procedure continuously calculates the remaining lifespan of the circuit breaker.

With the 1%t procedure, the square fault current integrals are formed via arc time and are iSsuéd as a reference
value.

For more detailed information about the circuit breaker maintenance proceduresjsee Section 2.23.2.

At address 181 L-sections FL you can set the number of different line sectiofis,(max. three) to be taken
into consideration by the fault locator.

When using trip circuit supervision, address 182 74 Trip Ct Supv allows you to select whether this function
should work with two (2 Binary Inputs) or only one binary inputi(? Bimary Input) or if the function is
Disabled.

If you want to detect an ambient temperature or a coolantitemperature’and send the information e.g. to the
overload protection, specify the port to which the RTD-boxdsieonneeted in address 190 RTD-BOX INPUT. In
7SJ62/64 port C (service port) is used for this purpose; in7SJ64t can be either port C (service port) or port D
(additional port). The number and transmission type ofithe teémperature detectors (RTD = Resistance Temper-
ature Detector) can be specified in address191 RTD (CONNECTION: 6 RTD simplex or 6 RTD HDX (with one
RTD-box) or 72 RTD HDX (with two RTD-boxeS)almpleémentation examples are given in the Appendix (under
"Connection Examples"). The settings in address 491 have to comply with those at the RTD-box (see Section
2.20.2, side title ,RTD-box Settings").

The flexible protection functions can be configused via the FLEXIBLE FUNC. parameter. Up to 20 functions
can be created. This is done by setting/heckmarks at the functions (see the example in Section 2.18). If the
checkmark of a function is removed, all Settings and configurations made previously will be lost. After re-select-
ing the function, all settings and cofiffigurations are in default setting. Setting of the flexible function is done in
DIGSI under ,,Parameters”, ,Additional Functions" and , Settings“. The configuration is done as usual under ,Pa-
rameters” and ,,Configuration
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Functions

2.1.1.3 Settings

2.1 General

Addr.

Parameter

Setting Options

Default Setting

o)

103

Grp Chge OPTION

Disabled
Enabled

Disabled

Comment
Setting Group Chang@

104

OSC. FAULT REC.

Disabled
Enabled

Enabled

Oscillographic Fault Records

. 4

112

Charac. Phase

Disabled
Definite Time
TOC IEC

TOC ANSI

User Defined PU
User def. Reset

Definite Time

50/51

N

113

Charac. Ground

Disabled
Definite Time
TOC IEC

TOC ANSI

User Defined PU
User def. Reset

Definite Time

50 N

115

67/67-TOC

Disabled
Definite Time
TOC IEC

TOC ANSI

User Defined PU
User def. Reset

67, 67-TOC

116

67N/67N-TOC

Disabled
Definite Time
TOC IEC

Definite Time

67N, 67N-TOC

117

Coldload Pickup

Disabled

Cold Load Pickup

122

InrushRestraint

127

50 1Ph

130

S.Gnd.F.Dir.Ch

Disabled

2nd Harmonic Inrush Restraint

| ed
bled

Disabled

50 1Ph

0os ¢ /sin ¢
VO/I0 ¢ mea.

cos ¢ /sin ¢

(sens.) Ground fault dir. character-
istic

131

Sens. Gnd Faullo

%

133

Disabled
Definite Time
User Defined PU
Log. inverse A
Log. Inverse B

Disabled

(sensitive) Ground fault

@7

Disabled

with Ignd

with 310

with Ignd,sens.

Disabled

Intermittent earth fault protection

140

464

Disabled
TOC ANSI
TOC IEC
Definite Time

Disabled

46 Negative Sequence Protection

41

Disabled
Enabled

Disabled

48 Startup Supervision of Motors
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2.1 General
Addr. Parameter Setting Options Default Setting Comments

142 49 Disabled Disabled 49 Thermal Overload Protection
No ambient temp
With amb. temp.

143 66 #of Starts Disabled Disabled 66 Startup Counter for Motor
Enabled

144 LOAD JAM PROT. Disabled Disabled Load Jam Protection
Enabled

150 27/59 Disabled Disabled
Enabled

154 81 O/U Disabled Disabled
Enabled

161 25 Function 1 Disabled Disabled
ASYN/SYNCHRON
SYNCHROCHECK

162 25 Function 2 Disabled Disabled group 2
ASYN/SYNCHRON
SYNCHROCHECK

163 25 Function 3 Disabled Disabled unction group 3
ASYN/SYNCHRON
SYNCHROCHECK

164 25 Function 4 Disabled Di 25 Function group 4
ASYN/SYNCHRON
SYNCHROCHECK

170 50BF Disabled isable 50BF Breaker Failure Protection
Enabled
enabled w/ 310>

171 79 Auto Recl. Disabled abled 79 Auto-Reclose Function
Enabled

172 52 B.WEAR MONIT Disabled Disabled 52 Breaker Wear Monitoring
Ix-Method
2P-Method
12t-Method

180 Fault Locator Enabled Fault Locator

181 L-sections FL 1 Section Line sections for fault locator

182 74 Trip Ct Supv Disabled 74TC Trip Circuit Supervision

inary Inputs
Binary Input

190 RTD-BOX INRUT @ Disabled Disabled External Temperature Input

Port C
L 4
38 SIPROTEC, 7SJ62/64, Manual
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2.1 General

Addr. Parameter Setting Options Default Setting Comments
191 RTD CONNECTION 6 RTD simplex 6 RTD simplex | Ext. Temperature Input O

6 RTD HDX Connection Type

12 RTD HDX

FLEXIBLE FUNC. 1...20 Flex.Function 01 Please select Flexible Functions 0
Flex.Function 02

Flex.Function 03
Flex.Function 04
Flex.Function 05
Flex.Function 06

L 4
Flex.Function 07 %
Flex.Function 08
Flex.Function 09 @

Flex.Function 10
Flex.Function 11
Flex.Function 12
Flex.Function 13
Flex.Function 14
Flex.Function 15
Flex.Function 16

Flex.Function 17
Flex.Function 18
Flex.Function 19
Flex.Function 20
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Functions

2.1 General

2.1.2

2.1.2.1

Device, General Settings

The device requires some general information. This may be, for example, the type of annunciation to be issued
in the event of a power system fault occurs.

Description

Command-dependent Messages "No Trip — No Flag”

The indication of messages masked to local LEDs and the provision of spontaneous messagestean be made
dependent on whether the device has issued a trip signal. This information is then not o@itput if during a system
disturbance one or more protection functions have picked up but no tripping by the 7S362/64 résulted because
the fault was cleared by a different device (e.g. on another line). These messages‘are then limited to faults in
the line to be protected. These messages are then limited to faults in the line toghe protected.

The following figure illustrates the creation of the reset command for storedmessages. When the relay drops
off, stationary conditions (fault display Target on PU / Target on TRIP; Trip"ANo Trip) decide whether the new
fault will be stored or reset.

[610 |FItDisp.LED/LCD

19 Target on PU
. | Target on TRIP
511

Reset LED and'kCD-

N
(ORelay TRIP ) Message
501
(ORelay PICKUP
Figure 2-1 Creation of the reset commandyfor the latched LED and LCD messages

Spontaneous Messages on the Display

2.1.2.2

You can determine whether or not the mostimportant data of a fault event is displayed automatically after the
fault has occurred (see also Subsection "Fault Messages" in Section "Auxiliary Functions").

Setting Notes

Fault Messages

40

A new pickupief a'prétection function generally turns off any previously set light displays so that only the latest
fault is displayediat any one time. It can be selected whether the stored LED displays and the spontaneous
messagés onghe display appear after the new pickup or only after a new trip signal is issued. In order to select
the desireddnodefof display, select the Device submenu in the SETTINGS menu. Under address 610
F1tDisp.LED/LCD the two options Target on PU and Target on TRIP ("No trip — no flag") can be se-
lected.

For devicés with graphic display, use parameter 611 Spont. FltDisp. to specify whether a spontaneous
fault message should appear automatically on the display (YES) or not (NO). For devices with text display such
indications will appear after a system fault in any case.

SIPROTEC, 7S5J62/64, Manual
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2.1 General

Default Display Selection

In devices with 4-line displays and depending on the device version, a number of predefined image page e
available. The start page of the default display appearing after startup of the device can be selected i
device data via parameter 640 Start image DD. The available image pages are listed in Ann@

2.1.2.3 Settings

L 4
Addr. Parameter Setting Options Default Setting ents
610 FItDisp.LED/LCD Target on PU Target on PU Fault LED /LCD
Target on TRIP
611 Spont. FltDisp. YES NO us display of flt.annun-
NO
640 Start image DD image 1 image 1 image Default Display
image 2
image 3
image 4
image 5
image 6
image 7
image 8
image 9
image 10 K
2.1.2.4 Information List
No. Information fIn- Comments
r ion
- >Light on >Back Light on
- Reset LED Reset LED
- DataStop SP Stop data transmission
- Test mode IntSP Test mode
- Feeder gnd IntSP Feeder GROUNDED
- Brk OPENED INtSP Breaker OPENED
- HWTestMod IntSP Hardware Test Mode
- SynchClock ‘ , IntSP_Ev | Clock Synchronization
- Error FMS ouT Error FMS FO 1
- ouT Error FMS FO 2
- ouT Disturbance CFC
1 SP No Function configured
2 SP Function Not Available
3 SP_Ev >Synchronize Internal Real Time Clock
5 >Reset LED SP >Reset LED
15 >ﬁst mode SP >Test mode
1 >DataStop SP >Stop data transmission
Device OK ouT Device is Operational and Protecting
2 ProtActive IntSP At Least 1 Protection Funct. is Active
Reset Device ouT Reset Device
6 Initial Start ouT Initial Start of Device
SIPROTEC, 7SJ62/64, Manual 41
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2.1 General
No. Information Type of In- Comments
formation
67 Resume ouT Resume
68 Clock SyncError ouT Clock Synchronization Error
69 DayLightSavTime ouT Daylight Saving Time
70 Settings Calc. ouT Setting calculation is running
71 Settings Check ouT Settings Check
72 Level-2 change ouT Level-2 change
73 Local change ouT Local setting change
110 Event Lost OUT_Ev Event lost
113 Flag Lost ouT Flag Lost
125 Chatter ON ouT Chatter ON
140 Error Sum Alarm ouT Error with a summary alarm
144 Error 5V ouT Error 5V
145 Error OV ouT Error OV
146 Error -5V ouT Error -5V
147 Error PwrSupply ouT Error Power Supply
160 Alarm Sum Event ouT Alarm Summary.Event
177 Fail Battery ouT Failure: Battery empty:
178 1/0-Board error ouT 1/O-Board Efror
181 Error A/D-conv. ouT Error: A/Dconverter
183 Error Board 1 ouT Error Beard 1
184 Error Board 2 ouT ErromBoardy2
185 Error Board 3 ouT Ertor Board 3
186 Error Board 4 ouT Error'Board 4
187 Error Board 5 ouT Error Board 5
188 Error Board 6 ouT Error Board 6
189 Error Board 7 OUTs Error Board 7
191 Error Offset OuUT Error: Offset
192 ErrorlA/5Awrong OuT Error:1A/5Ajumper different from setting
193 Alarm NO calibr QUT Alarm: NO calibration data available
194 Error neutralCT QuUT Error: Neutral CT different from MLFB
220 CT Ph wrong ouT Error: Range CT Ph wrong
301 Pow.Sys.Flt. ouT Power System fault
302 Fault Event ouT Fault Event
303 sens Gnd flt ouT sensitive Ground fault
320 Warn Mem. Data ouT Warn: Limit of Memory Data exceeded
321 Warn Mem. Para: ouT Warn: Limit of Memory Parameter exceeded
322 Warn Mem. @per. ouT Warn: Limit of Memory Operation exceeded
323 Warn Mem., New ouT Warn: Limit of Memory New exceeded
502 Relay Drop Out SP Relay Drop Out
510 Relay CLOSE SP General CLOSE of relay
545 RU Time VI Time from Pickup to drop out
546 TRIP Time \ Time from Pickup to TRIP
42 SIPROTEC, 7SJ62/64, Manual
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2.1 General

2.1.3 Power System Data 1

2.1.3.1 Description O

The device requires certain basic data regarding the protected equipment so that the device can a to its

desired application. These may be, for instance, nominal power system and transformer data, measured quan-
tity polarities and their physical connections, breaker properties (where applicable) etc. There argyalso certain
parameters that are common to all functions, i.e. not associated with a specific protectiony control or monitoring
function. The following section discusses these parameters.

2.1.3.2 Setting Notes

General

The data for parameters 209 PHASE SEQ., 210 TMin TRIP CM
BkrClosed I MIN can be entered directly at the device if it feat
Press the MENU key to open the main menu. Apply the ¥ key to/s
navigate to the SETTINGS display. To enter the Power S
SETTINGS menu.

dialog box with tabs, ,, and Prot.Op. quant.
re the individual parameters. The following de-

In DIGSI, doubleclick Settings to display the relevant
will open under P.System Data 1 in which you co

scriptions are therefore structured accordingly. K

Rated Frequency (Power System Data)

S 2 ated Frequency. The factory setting of the model
e is used for a purpose other than the one planned when ordering

The rated system frequency is set al
number only has to be changed if the'de

the device. \
Phase Rotation (Power System) @

Address 209 PHASE SEQ. s usedito change the default phase sequence (A B C for clockwise rotation) if your
power system permane anti-clockwise phase sequence (A C B). A temporary reversal of rotation

is also possible using(%uts (see Section 2.21.2).

Temperature Unit (Power

e
Address 276 TQNIT allows displaying the temperature values either in degrees Celsius or in degrees

Fahrenhei@

%
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2.1 General

Polarity of Current Transformers (Power System)

lowing figure applies accordingly to two current transformers). This setting determines the measuring directio

At address 201 CT Starpoint, the polarity of the wye-connected current transformers is specified (the foI-O
of the device (forward = line direction). Changing this parameter also results in a polarity reversal of the g@

current inputs |y or lys.

L 4

Busbar

—— 4
A{?TN RS

[201 |CT starpoint [201 | CT Starpoint

:Fﬁ
Q

towards Line towards Line

—’:/: towards Busbar

Figure 2-2 Polarity of current transformers \

Current Connectionl4 (Power System Data)

current transformer starpoint is connected to the
ol en-connection, (see connection example in Appen-
dix A.3, Figure A-37). In this case, parame olmgr. for Xiissetto YES. In all other cases, even if
the ground current of the own line is meal 8 a separate ground current transformer, the setting NO has
to be made. This setting exclusively affects t nction ,Current Sum Monitoring” (see Section 2.11.1).

3
O
&

L 4

Here, the device is informed whether the ground
fourth current input (1,5). This corresponds wi

44 SIPROTEC, 7SJ62/64, Manual
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2.1 General

Current Connection (Power System)
Via parameter 251 CT Connect. a special connection of the current transformers can be determin

The standard connectionis A, B, C, (Gnd). It may only be changed if the device is set to mea;
more ground currents via two current inputs. The standard connection applies to all other cases.

The following diagram illustrates a special connection.

1/1 Surface Mounting Case

i 1/3 Surface Mounting Cas!

[ i Flush Mounted/C

(=]
o
18]

. |
251 151 Q1. ,

|
|
|
|
IA_ 50!
N I | N
J IC_ 48 231 13 Q5 98
L | [T i T 1 . i
g g ‘ IN Transf. : i : :
L ________li_ w star point ; i99
: 47
........... |
|_| I | - :
(e | _ M5 N _ _SPROTEC_ |
L
l___||.
=
/
A B C
Figure 2-3 asurement of two ground currents, example

e phase currents 1, and I must be connected to the first current input (terminals Q1, Q2) and to the third
als@5, Q6). At the fourth input (terminals Q7, Q8) the ground current I, or Iyg is connected as usual, in
this he ground current of the line. A second ground current, in this case the transformer starpoint current,
is connected to the second current input I, (terminals Q3, Q4).

THe settings A, G2,C,G; G->BorA,G2,C,G; G2->B must be used here. Both define the connection of a
ground current I, at the second current input (terminals Q3, Q4). The settings only differ in the calculation of
Ig. In case of A, G2,C, G; G->B, the phase current I is determined by phase currents |, and I as well as the
measured ground current Iy or Iy ¢.ns. at the fourth current input. In case of A, G2,C, G; G2->B, the phase
current I is determined by phase currents 1, and I as well as the measured ground current I, at the second
current input. The setting must be set according to system requirements.

SIPROTEC, 75J62/64, Manual 45
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2.1 General

The assignment of the protection functions to the ground current inputs in special connections is set out in the
following table.

Current input Function

[N Time overcurrent protection ground (Section 2.2)
Directional time overcurrent protection ground (Section 2.3)

Important!

The function ,Directional time overcurrent protection ground“ may only be operated'f the
ground current of the protected line is measured via ly,. This is not thes€ase for the
example shown in Figure 2-3. Here, the ground current of the protected lin€’isjmeasured
via ly. The function must be deactivated. A connection in which thefunctien’can be
enabled is illustrated in the Appendix A.3 Figure A-41.

In OF 1y sensitive Ground fault detection (sensitive / not sensitive) (Section 2.12)
Single-phase time overcurrent protection (Section 2.5)
Intermittend ground fault protection (Section 2.13)

The settings for address 251 are only possible with DIGSI under Additional Settings.

Note

The settings under address 251 CT Connect. affect the time overcurrent protection with regard to the eval-
uation of phase currents only if address 250 50/51 2-ph prot has'been set to OFF.

Voltage Connection (Power System)

Adress 213 determines how the voltage transformergrare'eonnected. VT Connect. 3ph=Van, Vbn, Vcn
means that three phase voltages are connectedsin,wyeconnection, VT Connect. 3ph= Vab, Vbc, VGnd
signifies that two phase-to-phase voltages (Vsconnection)yand V are connected. The latter setting also has to
be selected when only two phase-to-phase veltage transformers are used or when only the displacement
voltage (zero sequence voltage) is connected to'the device.

The devices 753623, 7SJ624 and 7SJ64 contain4 voltage measuring inputs which enable further options in
addition to the above-mentioned connectign types: VT Connect. 3ph =Van, Vbn,Vcn,VGn is selected if
the three phase voltages in wye-copnectionand V, are connected to the fourth voltage input of the device.
Select VT Connect. 3ph =#an,V¥bn, Vcn,VSy in case the fourth voltage input is used for the synchroniza-
tion function. This is recommepnded,even if two phase-to-phase voltages (V-connection) are available on the
primary side (because the voltages are connected to the device in such a way that the device measures phase-
to-ground voltages under symmettical conditions).

Parameter 240 VT Connecty. 1ph is set to specify that only one voltage transformer is connected to the de-
vices. In this case, the user defines which primary voltage is connected to which analog input. If one of the avail-
able voltages is selected, i.e. a setting unequal NO, setting of address 213 is not relevant anymore. Only the
setting of parameter240is relevant. If, however, parameter 240 VT Connect. 1ph is set to NO, parameter
213 will be'valid:

In casefof a singlesphase voltage transformer connection, devices 7SJ623, 7SJ624 and 7SJ64 always interpret
the voltage‘applied at voltage input V, as the voltage that needs to be synchronized.

Note

Ifithe synchronization function is used in a connection of two phase-to-phase voltages in V-connection (see
above), the device is unable to determine a zero-sequence voltage. The functions ,Directional Time Overcur-
rent'Protection Ground, ,Directional Ground Fault Detection“ and ,Fuse Failure Monitoring (FFM)“ must be
either removed or switched off.

46
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Functions
2.1 General

Distance Unit (Power System)

Address 215 Distance Unit allows you to specify the distance unit (km or Miles) for the fault locatof. In‘the
absence of a fault locator or if this function has been removed, this parameter is of no importance. Changing
the distance unit does not imply an automatic conversion of the setting values that are dependant’on the“dis-
tance unit. These have to be re-entered at the respective addresses.

ATEX100 (Power System)

Parameter 235 ATEX100 enables meeting the requirements for protecting explosion-pretected motors for
thermal replicas. Set this parameter to YES to save all thermal replicas of the 7S362/64 devices in the event of
a power supply failure. After the supply voltage is restored, the thermal replicas will fesumes@peration using the
stored values. Set the parameter to NO, to reset the calculated overtemperature™aluesief all thermal replicas
to zero if the power supply fails.

Nominal Values of Current Transformers (CTs)

At addresses 204 CT PRIMARY and 205 CT SECONDARY informatian is €ntered regarding the primary and
secondary ampere ratings of the current transformers. It is important to'ensure that the rated secondary current
of the current transformer matches the rated current of the devige, atherwise the device will calculate incorrect
primary data. At addresses 217 Ignd-CT PRIMand 218@gnd-CT SEC, information is entered regarding the
primary and secondary ampere rating of the current transformer, In"case of a normal connection (starpoint
current connected to | transformer), 217 Ignd-CT {PRIM and 204 CT PRIMARY must be set to the same
value.

If the device features a sensitive ground current input, parameter 218 Ignd-CT SEC is set to 1 A by default.
In this case, the setting cannot be changed.

If address 251 has been set so that ground cdrrefitSiare measured by two inputs (setting options A, G2,C, G;
G->BorA,G2,C,G; G2->B), you have'toiset the primary rated current of the second ground transformer con-
nected to |, at address 238. secondary ampere rating must conform with the phase current transformer.

To calculated the phase current |5 correctly, the primary rated current of the ground current transformer, which
is used to calculate |5 (address 217 or‘address 238), must be smaller than the primary rated current of the
phase current transformer (address/204).

Nominal Values of Voltage Transformers (VIs)

At addresses 202 Vnom® PREMARY and 203 Vnom SECONDARY, information is entered regarding the primary
nominal voltage andssecendary nominal voltage (phase-to-phase) of the connected voltage transformers.

SIPROTEC, 7SJ62/64, Manual 47
C53000-G1140-C207-2, Release date 01.2008



Functions

2.1 General

Transformation Ratio of Voltage Transformers (VTs)

Address 206 Vph / Vdelta informs the device of the adjustment factor between the phase voltage and the
displacement voltage. This information is relevant for the processing of ground faults (in grounded systems and
ungrounded systems), for the operational measured value VN and measured-variable monitoring.

If the voltage transformer set provides open delta windings and if these windings are connected to the deViee,
this must be specified accordingly in address 213 (see above margin heading "Voltage Connection"). Since the
voltage transformer ratio is normally as follows:

\

nomPrimary /VnomSecondary /VnomSecondary

3 3 3

the factor V,,,/Vy (secondary voltage, address 206 Vph / Vdelta) must be settg,3/. A3 =3 = 1.73 which
must be used if the V voltage is connected. For other transformation ratiosj1.e-the formation of the displace-
ment voltage via an interconnected transformer set, the factor must be corregted accordingly.

Please take into consideration that also the calculated secondary V-voltageis divided by the value set in
address 206. Thus, even if the Vy-voltage is not connected, address, 206 has an impact on the secondary op-
erational measured value VN.

Trip and Close Command Duration (Breaker)

In address 210 the minimum trip command duration TMif, TRIP CMD is set. This setting applies to all protec-
tion functions that can initiate tripping.

In address 211 the maximum close command.dugation ' TMax CLOSE CMD is set. It applies to the integrated
reclosing function. It must be set long enough'to ensure that the circuit breaker has securely closed. An exces-
sive duration causes no problem since the clasing command is interrupted in the event another trip is initiated
by a protection function.

Current Flow Monitoring (Breaker)

48

In address 212 BkrClosed I MIN the pickup threshold of the integrated current flow monitoring function can
be set. This parameter is used by, several protection functions (e.g. voltage protection with current criterion,
overload protection, load jam,protection, restart inhibit for motors and circuit breaker maintenance). If the set
current value is exceededythe ¢ircuit breaker is considered closed.

The threshold value setting applies to all three phases, and must take into consideration all used protection
functions.

The pickup thresh@ld forthe circuit-breaker failure protection is set separately (see 2.16.2).

When using theldevieesas motor protection and using the overload protection, load jam protection and restart
inhibit, the pratectiveyrelay can distinguish between a running motor and a stopped motor, as well as take into
accountitheiffereit motor cooldown behavior. For this application, the set value must be lower than the
minimum nezload current of the motor.
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Circuit-breaker Maintenance (Breaker)

Parameters 260 to 267 are assigned to CB maintenance. The parameters and the different procedurgs are
explained in the setting notes of this function (see Section 2.23.2).

Two-phase Time Overcurrent Protection (Protection Operating Quantities)

The two-phase overcurrent protection functionality is used in grounded or compensated systems where inter-
action of three-phase devices with existing two-phase protection equipment is required. Via parameter 250
50/51 2-ph prot the time overcurrent protection can be configured to two or threesphase operation. If the
parameter is set to ON, the value O A instead of the measured value for I is usedpermanéntly for the threshold
comparison so that no pickup is possible in phase B. All other functions, however,“@peratefin three phases.

Ground Fault Protection (Protection Operating Quantities)

Parameter 613 50N/51N/67N w. defines whether ground fault protectien, breaker failure protection or Fuse
Failure Monitor is either to operate using measured values (Ignd (measured)) or the quantities calculated
from the three phase currents (3I0 (calcul. )). Inthe first case, the measured quantity at the fourth current
input is evaluated. In the latter case, the summation current is calculated from the three phase current inputs.
If the device features a sensitive ground current input (measuring range starts at 1 mA), the ground fault pro-
tection always uses the calculated variable 3I0. In this cas€parameter 613 50N/51N/67N w. is not available.

Voltage Protection (Protection Operating Quantities)

In a three-phase connection, the fundamental harmonic of the largest of the three phase-to-phase voltages
(Vphph) or phase-to-ground voltages (Vph - n) or the positive sequence voltage (V1) or the negative sequence
voltage (V2) is supplied to the overvoltage protegtiontelements. In three-phase connection, undervoltage pro-
tection relies either on the positive sequencefvoltage,(V7) or the smallest of the phase-to-phase voltages
(Vphph) or the phase-to-ground voltageS(¥ph - n). This is configured by setting the parameter value in address
614 OP. QUANTITY 59 and 615 OP. QUANTITY 27. With single-phase voltage transformer connection, a
direct comparison of the measured,guantities with the threshold values is carried out and the parameterization
of the characteristic quantity switchover is‘ignored.
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2.1.3.3 Settings

Addresses which have an appended "A" can only be changed with DIGSI, under "Display Additional Setting

The table indicates region-specific default settings. Column C (configuration) indicates the corresponding sec-
ondary nominal current of the current transformer.

Addr. Parameter C Setting Options Default Setting Comments
201 CT Starpoint towards Line towards Line CT Starpoi
towards Busbar
202 Vnom PRIMARY 0.10 .. 800.00 kv 12.00 kV
203 Vnom SECONDARY 100..225V 100V
204 CT PRIMARY 10 .. 50000 A 100 A ted Primary Current
205 CT SECONDARY 1A 1A ated Secondary
5A urrent
206A Vph / Vdelta 0.10.. 3.00 1.73 Matching ratio Phase-VT
To Open-Delta-VT
209 PHASE SEQ. ABC AB Phase Sequence
ACB
210A TMin TRIP CMD 0.01 .. 32.00 sec . ec Minimum TRIP Command
Duration
211A TMax CLOSE CMD 0.01 .. 32.00 sec 1.00 sec Maximum Close
Command Duration
212 BkrClosed | MIN 1A 0.04..1.00 A 0.04 A Closed Breaker Min.
5A 02050 020 A Current Threshold
213 VT Connect. 3ph Van, Vbn, Van, Vbn, Vcn VT Connection, three-
Vab, Vbc phase
Van,Vbn, n
Van, \ Sy
214 Rated Frequency 501Hz 50 Hz Rated Frequency
215 Distance Unit km Distance measurement
unit
217 Ignd-CT PRIM .. 50000 A 60 A Ignd-CT rated primary
current
218 Ignd-CT SEC 1A 1A Ignd-CT rated secondary
5A current
235A ATEX10 NO NO Storage of th. Replicas w/o
YES Power Supply
238 Ignd2-CT P 1..50000 A 60 A Ignd2-CT rated primary c.
(conn. to 12)
240 VT Connegt. 1ph NO NO VT Connection, single-
Van phase
Vbn
Vcen
Vab
Vbc
Vca
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Addr. Parameter C Setting Options Default Setting Comments ‘
250A 50/51 2-ph prot ON OFF 50, 51 Time Overc
OFF with 2ph. prot.
251A CT Connect. A, B, C, (Gnd) A, B, C, (Gnd) CT Connectio
A,G2,C,G; G->B
A,G2,C,G; G2->B
260 Ir-52 10 .. 50000 A 125 A Rated Normalg€urrent (52
261 OP.CYCLES AT Ir 100 .. 1000000 10000
262 Isc-52 10 .. 100000 A 25000 A
263 OP.CYCLES Isc 1..1000 50 Switch. Cycles at Rated
Short-Cir. Curr.
264 Ix EXPONENT 1.0..3.0 2.0 Exponent for the Ix-
Method
265 Cmd.via control (Setting options depend N 52 B.Wear: Open Cmd. via
on configuration) Control Device
266 T 52 BREAKTIME 1..600 ms Breaktime (52 Breaker)
267 T 52 OPENING 1..500 ms 65 ms Opening Time (52 Break-
er)
276 TEMP. UNIT Celsius K Celsius Unit of temperature mea-
Fahrenheit surement
280 Holmgr. for Zi NO NO Holmgreen-conn. (for fast
YES sum-i-monit.)
613A 50N/51N/67N w. | ( ured) Ignd (measured) 50N/51N/67N Ground
310 ul. Overcurrent with
614A OP. QUANTITY 59 p Vphph Opera. Quantity for 59 Ov-
ervolt. Prot.
\%
V
615A OP. QUANTITY 27 V1 Vi1 Opera. Quantity for 27 Un-
Vphph dervolt. Prot.
Vph-n
2.1.3.4 Informa@ist
No. \rmation Type of In- Comments
formation
5145 >Re Rot. SP >Reverse Phase Rotation
5147 Rotation ABC ouT Phase rotation ABC
5148 Rgation ACB ouT Phase rotation ACB
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214

2141

Oscillographic Fault Records

The Multi-Functional Protection with Control 7SJ62/64 is equipped with a fault record memory. The instanta-
neous values of the measured quantities

iar iy gy iy OF iyg @Nd Vi, Vi, Ve, Vy OF 3 - Vg and vgyy (only 7SJ623/624 and 7SJ64)

(voltages in accordance with connection) are sampled at intervals of 1.25 ms (at 50Hz) and stored in a revolving
buffer (16 samples per cycle). In the case of a fault, the data is recorded for a set period of time, but nogfor
more than 5 seconds. The total duration of recording amounts to up to 20 seconds. Up to 8 fault records can
be recorded in this buffer. The fault record memory is automatically updated with every new faultf’so,that there
is no acknowledgment for previously recorded faults required. In addition to protection pickup, thedault record
buffer can also be started via a binary input or the serial interface.

Description

The data can be retrieved via the serial interfaces by means of a persgnal cemputer and evaluated with the
protection data processing program DIGSI and the graphic analysis,software SIGRA 4. The latter graphically
represents the data recorded during the system fault and also calculates additional information from the mea-
sured values. Currents and voltages can be presented as deSifed,as primary or secondary values. Signals are
additionally recorded as binary tracks (marks), e.g. "pickup”,, trip:.

If the device has a serial system interface, the fault recordifig data.ean be passed on to a central device via this
interface. The evaluation of data is done by appropriate pragrams in the central device. Currents and voltages
are referred to their maximum values, scaled to theirgrated,valties and prepared for graphic representation.
Signals are additionally recorded as binary tracks, (marks),/e.g. "pickup”, "trip".

Transfer to a central device can be polled agtomatically, either after each fault detection by the protection, or
only after a trip.

Note

The signals used for binary tracks can,be(configured in DIGSI.

Note

If via parameter 251 CT ,Gonnecit . one of the current transformer connection types A, G2,C,G; G->B or
A,G2,C,G; G2->B has beeh selected, the measured ground current |, measured by the second current
transformer is indicated under track ,iN“. The ground current detected by the fourth current transformer is indi-
cated under track 4INs* angezeigt.

52
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2.1 General

2.1.4.2 Setting Notes

Configuration

Fault recording (waveform capture) will only take place if address 104 0SC. FAULT REC. is setto Enabled.
Other settings pertaining to fault recording (waveform capture) are found in the 0sc. Fault Rec'm@SC.
FAULT REC. submenu of the SETTINGS menu. Waveform capture makes a distinction between the trigger
instant for an oscillographic record and the criterion to save the record (address 401 WAVEFORMIRIGGER).
Normally, the trigger is the pickup of a protection element, i.e. the time 0 is defined as the instant the first pro-
tection function picks up. The criterion for saving may be both the device pickup, (Save W\ Pickup) or the
device trip (Save w. TRIP). A trip command issued by the device can also be used,as trigger instant (Start
w. TRIP), in this case it is also the saving criterion.

A fault event starts with the pickup by any protection function and ends when theflast pickup of a protection
function has dropped out. Usually this is also the extent of a fault recording (address 402 WAVEFORM DATA =
Fault event). If automatic reclosing is performed, the entire system fault — with several reclosing attempts
if necessary — can be recorded until the fault has been cleared for good,(addfess 402 WAVEFORM DATA =
Pow. Sys.F1t.). This facilitates the representation of the entire system fauit history, but also consumes
storage capacity during the automatic reclosing dead time(s).

The actual storage time begins at the pre-fault time PRE. ARIG: [TIME (address 404) ahead of the reference
instant, and ends at the post-fault ime POST REC. TIME (address™05) after the storage criterion has reset.
The maximum storage time for each fault recording (MAX. LENGTH) is entered in address 403. Recording per
fault must not exceed 5 seconds. A total of 8 records canp,beSaved with a total time of 20 seconds at the most.

An oscillographic record can be triggered by a statds €hange of a binary input, or from a PC via the operator
interface. Storage is then triggered dynamically. The length of the fault recording is set in address 406 BinIn
CAPT.TIME (but not longer than MAX. LENGFHpaddress 403). Pre-fault and post-fault times will add to this.
If the binary input time is set to «, the length (©f the Yecord equals the time that the binary input is activated
(static), but not longer than the MAX. LENGTH (address 403).

2.1.4.3 Settings

Addr. Parameter Seétting/Options Default Setting Comments
401 WAVEFORMTRIGGE “ Save,w. Pickup Save w. Pickup Waveform Capture
R Save w. TRIP
Start w. TRIP
402 WAVEFORM DATA Fault event Fault event Scope of Waveform Data
Pow.Sys.Flt.
403 MAX. LENGIH 0.30 .. 5.00 sec 2.00 sec Max. length of a Waveform
Capture Record
404 PRE» TRIG. TIME 0.05 .. 0.50 sec 0.25 sec Captured Waveform Prior to
Trigger
405 POST REC. TIME 0.05 .. 0.50 sec 0.10 sec Captured Waveform after Event
406 Binin CAPT.TIME 0.10 .. 5.00 sec; w 0.50 sec Capture Time via Binary Input
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2.1.4.4 Information List
No. Information Type of In- Comments
formation
- FltRecSta IntSP Fault Recording Start
4 >Trig.Wave.Cap. SP >Trigger Waveform Capture
203 Wave. deleted OUT_Ev Waveform data deleted S
30053 Fault rec. run. ouT Fault recording is running s‘
2.1.5  Settings Groups &
Up to four different setting groups can be created for establishing the device's fun gs.
Applications
» Setting groups enable the user to save the corresponding settings for ea plication so that they can be
quickly called up when required. All setting groups are stored in thede ly one setting group may be
active at a time.
2151

Description \

Changing Setting Groups

2.15.2

General

54

During operation the user can switch back and forth setti ups locally, via the operator panel, binary inputs
(if so configured), the service interface using on puter, or via the system interface. For reasons of

-
safety it is not possible to change between @ groups during a power system fault.
ctions that have been selected as Enabled during con-

A setting group includes the setting value a
figuration (see Section 2.1.1.2). In 7SJ6 relays, four independent setting groups (A to D) are available.

While setting values may vary, the selette tions of each setting group remain the same.

: L
Setting Notes é)

If setting group change optioAlis not required, Group A is the default selection. Then, the rest of this section is

not applicable.

If the changeever @ desired, group changeover must be setto Grp Chge OPTION = Enabled (address

103) whe N xtent is configured. For the setting of the function parameters, each of the required
pséA to

setting a maximum of 4) must be configured in sequence. The SIPROTEC 4 System Description
gives fi tion on how to copy setting groups or reset them to their status at delivery and also how
to change e setting group to another.

Subsection 3.1 of this manual tells you how to change between several setting groups externally via binary
inputs. @
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2.1.5.3 Settings
Addr. Parameter Setting Options Default Setting Comments Q

302 CHANGE Group A Group A Change to Another Setting Group
Group B
Group C
Group D
Binary Input 4
Protocol

2.1.5.4 Information List @

No. Information Type of In- omments
formation

- GroupA act IntSP Setting Group A is'acti

- GroupB act IntSP Setting Group Byis active

- GroupC act IntSP Setting ive

- GroupD act IntSP Setting ctive

7 >Set Group Bit0 SP >Seiti elect Bit 0

8 >Set Group Bitl SP e Select Bit 1

2.1.6  Power System Data 2 K

2.1.6.1 Description

be changed with the setting gr
- )
Applications

When the primal

device is able to c te

For purposes of fault

The general protection data (P . SN‘;
specific protection or monitoring@

a 2) include settings associated with all functions rather than a
contrastto the P.System Data 1 as discussed before, they can

ce voltage and the primary reference current of the protected object are set, the
d output the operational measured value percentage.

ation, a maximum of three different line sections can be considered.

rs, detection of the motor start represents an important feature. Exceeding a configured

For utilizati
curre* eryes as a criterion.
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2.1.6.2 Setting Notes

Definition of Nominal Rated Values O

At addresses 1101 FullScaleVolt. and 1102 FullScaleCurr., the primary reference voltage (pr@
to-phase) and reference current (phase) of the protected equipment is entered (e.g. motors). If these refere

sizes match the primary nominal values of the VTs and CTs, they correspond to the settings in address 202
and 204 (Section 2.1.3.2). They are generally used to show values referenced to full scale. s

Ground Impedance Ratios (only for Fault Location) %
The adjustment of the ground impedance ratio is only important for the utilization of thedi location func-
tion. This is done by entering the resistance ratio RE/RL and the reactance ratio XE /XL
The values under addresses 1103 and 1104 apply if only one line section is availab
outside the defined line sections.
If several line sections are set, the following shall apply:
« for line section 1, addresses 6001 and 6002
« forline section 2, addresses 6011 and 6012
« for line section 3, the addresses 6021 and 6022.

Il faults that occur

Resistance ratio RE/RL and reactance ratio XE/XL are cal formally and do not correspond to the real
and imaginary components of Z/Z, . No complex calculation, ! The ratios can be obtained from the
line data using the following formulas: \

R R X
1) e
R, 3 'R L X4
Ry er uence resistance of the line
L 4

Xo \ sequence reactance of the line
R, K— ositive sequence resistance of the line
\— Positive sequence reactance of the line

xl
This data can be used @ntire line or line section, or as distance-related values, since the quotients are

2 with the following data:

Ry/s = Zero resistance
Xyfs = 2.03 Q/mile Zero reactance
R;/s = 0.39 Q/km Positive sequence resistance
=0.55 Q/km Positive sequence reactance
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For ground impedance ratios, the following results:

-1 (3Eame ) on O
X |

reactance per unit length, the distance unit is changed under addres 5, the reactance per unit length must
be reconfigured in accordance with the new distance unit.

The values under address 1106 (km) or 1105 (Miles) ap
that occur outside the defined line sections.

If several line sections are set, the following shall
« for line section 1, addresses 6004(km) or 6003
 for line section 2, addresses 6014(km) or 601
« for line section 3, addresses 6024 (km) or

When setting the parameters in DIGS n also be entered as primary values. In that case the fol-
lowing conversion to secondary val t required.

For the conversion of primary vaIN ndary values the following applies in general:

Current4Tran er-Ratio
Z = - .7 .
secondary VolmRn rmer - Ratio ~Primary
Likewise, the follgwin lies to the reactance per unit length of a line:
X's 'prim
R
with
N(‘R — Transformation ratio of the current transformer
Nytr — Transformation ratio of the voltage transformer
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Calculation example:

In the following, the same line as illustrated in the example for ground impedance ratios (above) and additionao

data on the voltage transformers will be used:
Current Transformers 500 A/5 A ‘ )
Voltage Transformers 20kv /0.1 kV

The secondary reactance per unit length is calculated as follows:

¢
, Netr o, 500 A/5 A . . \'g
Xsec = m'Xprim = SoRyToRy 055 Q/mile = 0.275 Q/mile @

Line Angle (only for Fault Location) 0

58

The setting of the line angle is only important for the utilization of the line fa cation function. The line angle
can be derived from the line constants. The following applies:

XL Xy
tang = == or ¢ = arctan| —
i ") \

with R, being the ohmic resistance and X being thefre e of the line.
The value under address 1109 applies if onl ine ion is available and to all faults that occur outside
the defined line sections.

a ply:

If several line sections are set, the foIIowN
« for line section 1, address 6005 @

« for line section 2, address 6015

» for line section 3, address 20259
This data can be used for the r line section, or as distance-related values, since the quotients are

I
independent of the distar& relevant whether the quotients were derived from primary or secondary
values.

Calculation Example:

110 kV free line 15 ith the following data:
R, =0.31 il

e TR TR, 03Ta/mile 221 ©76%7

The respective address must be setto Line angle = 66°.
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Line Length (only for Fault Location)

The setting of the line length is only important for the utilization of the line fault location function. The ling’length
is required so that the fault location can be given as a reference value (in %). Furthermore, when usingseveral
line sections, the respective length of the individual sections is defined.

The values under address 1110 (km) or 1111 (Miles) apply if only one line section is available andte.alf faults
that occur outside the defined line sections.

If several line sections are set, the following shall apply:

« for line section 1, addresses 6006(km) or 6007 (Miles)
« for line section 2, addresses 6016(km) or 6017 (Miles)
« for line section 3, addresses 6026(km) or 6027 (Miles)

The length set for the entire line must correspond to the sum of lengths configurgd far the line sections. A de-
viation of 10% max. is admissible.

Recognition of Running Condition (Only for Motors)

When the configured current value at Address 1107 I MOTOR START'is,exceeded, this will be interpreted as
motor starting. This parameter is used by the start-up time monitoringiand overload protection functions.

For this setting the following should be considered:

« A setting must be selected that is lower than the a€tual motor Start-up current under all load and voltage
conditions.

» During motor start-up the thermal replica of the @verlead protection is "frozen", i.e. kept at a constant level.
This threshold should not be set unnecessarilylow since it limits the operating range of the overload protec-
tion for high currents during operation.

Inversion of Measured Power Values / Metered Values

The directional values (power, power. factor, work and related min., max., mean and setpoint values), calculated
in the operational measured values, are,usually defined a positive in the direction of the protected object. This
requires that the connection polafity for the entire device was configured accordingly in the P.System Data
1 (compare also "Polarity of the ‘Current Transformers", address 201). But it is also possible to make different
settings for the "forward" dirgction'sfoFthe protection functions and the positive direction for the power etc., e.g.
to have the active power supply (from the line to the busbar) displayed positively. To do so, set address 1108
P,Q signto reversed.liithe setting is not reversed (default), the positive direction for the power etc.
corresponds to the "fofward" direction for the protection functions. The 4 section provides a detailed list of the
values in question.
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2.1.6.3 Settings
The table indicates region-specific default settings. Column C (configuration) indicates the corresponding se¢-
ondary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting Comments
1101 FullScaleVolt. 0.10 .. 800.00 kV 12.00 kV Measurem:FullScaleVolt-
age(Equipm.rating)
1102 FullScaleCurr. 10 .. 50000 A 100 A Measuremy:FuliScaleCur-
rent(Equipm.rating)
1103 RE/RL -0.33..7.00 1.00 Zerogseg. compensating
factor REIRL
1104 XE/XL -0.33..7.00 1.00 Zexo seq. compensating
factamXE/XL
1105 X' 1A 0.0050 .. 15.0000 Q/mi 0.2420 Q/mi feeder reactance per mile:
5A 0.0010 .. 3.0000 Q/mi 0.0484 Q/mj X
1106 X' 1A 0.0050 .. 9.5000 Q/km 0.1500 Qfkm feeder reactance per km:
5A 0.0010 .. 1.9000 Q/km 0.030Q @/km X
1107 | MOTOR START 1A 0.40 .. 10.00 A 250 A Motor Start Current (Block
5A | 2.00..50.00 A 12 50,A 49, Start 48)
1108 P,Q sign not reversed not'reversed P,Q operational measured
reversed values sign
1109 Line angle 10..89° 85 ° Line angle
1110 Line length 0.1 .. 1000.0/km 100.0 km Line length in kilometer
1111 Line length 0.1 .. 65000, Miles 62.1 Miles Line length in miles
6001 S1: RE/RL -0.33 .. 7.00 1.00 S1: Zero seq. compensat-
ing factor RE/RL
6002 S1: XE/XL -0.33%r 7.00 1.00 S1: Zero seq. compensat-
ing factor XE/XL
6003 Si:x 0:0050 .. 15.0000 Q/mi 0.2420 Q/mi S1: feeder reactance per
mile: x'
6004 S1:x 0.0050 .. 9.5000 Q/km 0.1500 Q/km S1: feeder reactance per
km: x'
6005 S1: Line angle 10..89° 85° S1: Line angle
6006 S1: line length 0.1 .. 650.0 Miles 62.1 Miles S1: Line length in miles
6007 S1: Line length 0.1..1000.0 km 100.0 km S1: Line length in kilome-
ter
6011 S2: RE/RL -0.33..7.00 1.00 S2: Zero seq. compensat-
ing factor RE/RL
6012 S2: XE/XL -0.33..7.00 1.00 S2: Zero seq. compensat-
ing factor XE/XL
6013 S22 1A 0.0050 .. 15.0000 Q/mi 0.2420 O/mi S2: feeder reactance per
5A | 0.0010 .. 3.0000 Q/mi 0.0484 Q/mi mile: x
6024 S2: x' 1A 0.0050 .. 9.5000 Q/km 0.1500 Q/km S2: feeder reactance per
5A | 0.0010..1.9000 &km | 0.0300 Q/km km: x
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2.1 General
Addr. Parameter C Setting Options Default Setting Comments
6015 S2: Line angle 10..89° 85° S2: Line angle
6016 S2: line length 0.1 .. 650.0 Miles 62.1 Miles S2: line length ipamiles
6017 S2: Line length 0.1..1000.0 km 100.0 km S2: Line lengthiin kilame-
ter
6021 S3: RE/RL -0.33..7.00 1.00 S3: Zero seq. compensat-
ing factor RE/RL
6022 S3: XE/XL -0.33..7.00 1.00 S3: Zefolseq. compensat-
ing factof XE/XL
6023 S3:x' 1A 0.0050 .. 15.0000 Q/mi 0.2420 Q/mi S3: feeder reactance per
5A | 0.0010 .. 3.0000 C/mi 0.0484 Q/mi g x
6024 S3: X' 1A 0.0050 .. 9.5000 Q/km 0.1500 O/km S3: feeder reactance per
5A | 0.0010..1.9000 Qkm | 0.0300 Q/km km: x
6025 S3: Line angle 10..89° 85° S3: Line angle
6026 S3: line length 0.1 .. 650.0 Miles 62.1 Miles S3: line length in miles
6027 S3: Line length 0.1..1000.0 km 200.00km S3: Line length in kilome-
ter
2.1.6.4 Information List
No. Information Type of In- Comments
formation
126 ProtON/OFF IntSP Protection ON/OFF (via system port)
356 >Manual Close SP >Manual close signal
501 Relay PICKUP OUT: Relay PICKUP
511 Relay TRIP Oouv Relay GENERAL TRIP command
533 la = Vi Primary fault current la
534 Ib = \ Primary fault current Ib
535 Ic = Vi Primary fault current Ic
561 Man.Clos.Detect ouT Manual close signal detected
2720 >Enable ANSI#-2 SP >Enable 50/67-(N)-2 (override 79 blk)
4601 >52-a SP >52-a contact (OPEN, if bkr is open)
4602 >52-b SP >52-b contact (OPEN, if bkr is closed)
16019 >52 Wear Start SP >52 Breaker Wear Start Criteria
16020 52 WearSet.fail ouT 52 Wear blocked by Time Setting Failure
16027 52WL Bk | PErr ouT 52 Breaker Wear Logic blk Ir-CB>=Isc-CB
16028 52WL.blkf PErr ouT 52 Breaker W.Log.blk SwCyc.Isc>=SwCyc.Ir
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2.1 General

2.1.7

2171

2.1.7.2

EN100-Module

Functional Description O

The EN100-Module enables integration of the 7SJ62/64 in 100-Mbit communication networks in contro@
automation systems with the protocols according to IEC 61850 standard. This standard permits uniform com-
munication of the devices without gateways and protocol converters. Even when installed in heterogengeus
environments, SIPROTEC 4 relays therefore provide for open and interoperable operation. Parallel to the
process control integration of the device, this interface can also be used for communica'o\@Sl and for

inter-relay communication via GOOSE.
Setting Notes $b

Interface Selection

No special settings are required for operating the Ethernet system inter ule (IEC 1850, EN100-
Module). If the ordered version of the device is equipped with such afmo it is automatically allocated to
the interface available for it, namely Port B.

2.1.7.3 Information List \
No. Information Type of In- K Comments
formation
009.0100 | Failure Modul IntSP 100 Modul
009.0101 | Fail Chl IntSP ilure EN100 Link Channel 1 (Ch1)
009.0102 | Fail Ch2 IntS ailure EN100 Link Channel 2 (Ch2)
0\< ’
L 4
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2.2

2.2 Overcurrent Protection 50, 51, 50N, 51N

Overcurrent Protection 50, 51, 50N, 51N

Overcurrent protection is the main protection function of the 7SJ62/64 relay. Each phase current and the
ground current is provided with four elements. All elements are independent from each other and/can be com-
bined as desired.

If it is desired in grounded or compensated systems that three-phase devices should work together with two-
phase protection equipment, the overcurrent protection can be configured in such a way that it allows twophase
operation besides three-phase mode (see Section 2.1.3.2).

The high-set elements 50-3 and 50-2 as well as the overcurrent element 50-1 alWays‘aperate with definite trip-
ping time, the fourth element 51 always with inverse tripping time.

Applications

221

» The non-directional overcurrent protection is suited for networks thatare radial and supplied from a single
source or open looped networks, for backup protection of differentialgprotective schemes of all types of lines,
transformers, generators, motors, and busbars.

General

Depending on parameter 613 50N/51N/67N w. the owvercurrent protection for the ground current can either
operate with measured values I or with the quantities 310*€alculated from the three phase currents. Devices
featuring a sensitive ground current input, however, generally use the calculated quantity 3I10.

All overcurrent elements enabled in the deviceghay beblocked via the automatic reclosing function (depending
on the cycle) or via an external signal to the binary inputs of the device. Removal of blocking during pickup will
restart time delays. The Manual Close gignal is an,eXception. If a circuit breaker is manually closed onto a fault,
it can be re-opened immediately. For@vercurrent or high-set elements the delay may be bypassed via a Manual
Close pulse, thus resulting in highspeed tripping. This pulse is extended up to at least 300 ms.

The automatic reclosure function Z9,mayaalso initiate immediate tripping for the overcurrent and high-set ele-
ments depending on the cycle.

Pickup of the definite-time elements‘€an be stabilized by setting the dropout times. This protection comes into
use in systems where intermittent faults occur. Combined with electromechanical relays, it allows different
dropout responses to be adjusted and a time grading of digital and electromechanical relays to be implement-
ed.

Pickup and delay settings may be quickly adapted to system requirements via dynamic setting changeover (see
Section 2.4).

Tripping by theys0-1"and 51 elements (in phases), 50N-1 and 51N elements (in ground path) may be blocked
for intush conditions by utilizing the inrush restraint feature. 4
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2.2 Overcurrent Protection 50, 51, 50N, 51N

2.2.2

64

The following table gives an overview of the interconnection to other functions of 7SJ62/64.

Table 2-1 Interconnection to other functions
Overcurrent Ele- Connection to Manual Dynamic Inrush Restraifit
ments Automatic Reclosing CLOSE Cold Load Pickup

50-1 . . . .
50-2 . . .

50-3 . . .

51 . . . .
50N-1 . . . .
50N-2 . . .

50N-3 . . .

51N . . . .

Definite Time, High-set Elements 50-3, 50-2, 50N-3#50N:2

For each element an individual pickup value 50-3 PICKUP, 50-2“RICKUP or 50N-3 PICKUP, 50N-2
PICKUP is set. For 50-3 PICKUP and 50N-3 PICKUP, apart fromiFungamental and True RMS, the
Instantaneous values can also be measured. Each phasetandiground current is compared separately per
element with the common pickup values 50-3 PICKUP, 5042 PTEKUP or 50N-3 PICKUP, 50N-2 PICKUP.
If the respective pickup value is exceeded, this is signaled? After the user-defined time delays 50-3 DELAY,
50-2 DELAY or 50N-3 DELAY, 50N-2 DELAY have elapsed, trip signals are issued which are available for
each element. The dropout value is roughly equal to 95%bef the pickup value for currents > 0.3 Iy, If the mea-
surement of the instantaneous values has been.configured for the 50-3 or 50N-3 element, the dropout ratio
amounts to 90 %.

Pickup can be stabilized by setting dropout times§ 121550 T DROP-OUT or 1315 50N T DROP-OUT. This
time is started and maintains the pickup condition ifthe current falls below the threshold. Therefore, the function
does not drop out at high speed. The tripidelay time 50-3 DELAY, 50-2 DELAY or 50N-3 DELAY, 50N-2
DELAY continues running in the meantime{ After the dropout delay time has elapsed, the pickup is reported
OFF and the trip delay time is resetginlessithe threshold 50-3 PICKUP, 50-2 PICKUP or 50N-3 PICKUP,
50N-2 PICKUP has been exeeeded again. If the threshold is exceeded again during the dropout delay time,
the time is cancelled. The trip délay time50-3 DELAY, 50-2 DELAY or 50N-3 DELAY, 50N-2 DELAY con-
tinues running in the meantime. If thelthreshold value is exceeded after its expiry, the trip command is issued
immediately. If the threshald valtie,is not exceeded at this time, there is no reaction. If the threshold value is
exceeded again after expiry ofithe trip-command delay time, while the dropout delay time is still running, trip-
ping occurs immediately.

These elements cah be’blocked by the automatic reclosing feature (79 AR).

The following figures,give an example of logic diagrams for the high-set elements 50-2 PICKUP or
50N-2 PICKUP. They also apply analogously to the high-set elements 50-3 PICKUP and 50N-3 PICKUP.
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[1213] MANUAL CLOSE

50-2 instant.

2.2 QOvercurrent Protection 50, 51, 50N, 51N

./ 50-3 instant.
1 50 -1 instant.
51 instant.
Inactive
AND
[ Manual Close
ORr L 4
| 79AR 50-2 inst.
- 0 |
| |
1 | [50-2 PhA PU S |
! 0o T !
! [
|
I [50 T DROP-OUT __ [1215] D |
|
| |
! o 50-2 TRIP )|
! [50-2 DELAY [ 1203] AND |
| I |
I — I
! AND |
| g To 1804 !
A 0 50-2 TmeOut ) |
|
B :
e :
e - - . - - . - - - § € - (@ - Y- Y-, F-§ Y- - e—,——_—,—,—,—,.—_.—_-.—-. - - - - - - "\«
Measurement/Logic
79AR 50-2 blk 52
[79AR 50-25 OR (50-2BLOCKED )
1721
[ >BLOCK 50-2
1704 1752
I >BLK 5051 (550/51 PH BLK )
[1201]FCT 50/51 |
. | ON
' (’50/51 PH OFF )
Figure 2-4 Logic diagram for 50-2 for

L 4
If parameter MANUAL N
used, a pickup cal tant;
to 79AR 50-2 inst.

O
Q>®

L 4
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etto 50-2 instant. or 50-3 instant. and manual close detection is
eous tripping, even if the element is blocked via binary input. The same applies
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[1313] MANUAL CLOSE

50N-2 instant.

/' 50N-3 instant.
1" 50N-1 instant.

51N instant.
Inactive
AND
[ Manual Close
OR
[ 79AR 50N-2 inst.
e
[50-2 PU =
0 T

I
50N T DROP-OUT [ 1315]

[50N-2 DELAY [ 1303]
[
—
AND T 0
[ 79AR 50N-2 blk oR 50N-2 BLOCKED )
1724
[ >BLOCK 50N-2
1714 1757
[ >BLK 50N/51N 50N/51N BLK )
[1301|FCT 50N/51N | :@
Ny ggF 1756
' ( 50N/51N OFF )

Figure 2-5 Logic diagram for 50N-2 high-set elem

tant. or 50N-3 instant. and manual close detection is
2ven if the element is blocked via binary input. The same applies
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2.2.3

2.2 Overcurrent Protection 50, 51, 50N, 51N

Definite Time Overcurrent Elements 50-1, 50N-1

For each element an individual pickup value 50-1 PICKUP or 50N-1 PICKUP is set. Apart from
Fundamental, the True RMS can also be measured. Each phase and ground current is compared/Separately
with the setting value 50-1 or 50N-1 for each element. If the respective value is exceeded, this is signaled. If
the inrush restraint feature (see below) is applied, either the normal pickup signals or the correspondifi@inrush
signals are output as long as inrush current is detected. After user-configured time delays 50-1 DELAY or
50N-1 DELAY have elapsed, a trip signal is issued if no inrush current is detected or inrush restgaint is dis-
abled. If the inrush restraint feature is enabled and an inrush condition exists, no trippiag takes place but a
message is recorded and displayed indicating when the overcurrent element time delays€lapses. Trip signals
and signals on the expiration of time delay are available separately for each element. The dropout value is ap-
proxmiately 95% of the pickup value for currents > 0.3 Iy

Pickup can be stabilized by setting dropout times 121550 T DROP-OUT or 1315 50N T DROP-OUT. This
time is started and maintains the pickup condition if the current falls below the threshold. Therefore, the function
does not drop out at high speed. The trip-command delay time 50-1 DELAY of 50N-1 DELAY continues
running in the meantime. After the dropout delay time has elapsed, thegiekupisreported OFF and the trip delay
time is reset unless the threshold 50-1 or 50N-1 has been exceededagain.If the threshold is exceeded again
during the dropout delay time, the time is cancelled. However, thestrip-é@mmand delay time 50-1 DELAY or
50N-1 DELAY continues running. If the threshold value is exceeded after its expiry, the trip command is issued
immediately. If the threshold value is not exceeded at this'time, there’is no reaction. If the threshold value is
exceeded again after expiry of the trip-command delay timejwhile the dropout delay time is still running, trip-
ping occurs immediately.

Pickup stabilization of the overcurrent elements 50-1:0550N=2 by means of settable dropout time is deactivated
if an inrush pickup is present since an inrush does not représent an intermittent fault.

These elements can be blocked by the automatiéyeclasing feature (79 AR).

The following figures show the logic diagrams for the current elements 50-1 and 50N-1.
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[1213] MANUAL CLOSE

: 50-2 instant.
i/ 50-3 instant.

1" 50 -1 instant.
51 instant.
Inactive
AND
[Manual Close
OR L 2

[79AR 50-1 inst. [ InrushDetec. 50-1 >—
e e M
: | - 1
I'| [50-1PhAPU Dropout delay T l
| T OR |
, L
| L |
i o |
|
! AND — |
: I+ ! OR :
! 50-1 DELAY [1205] ol L — !
| I |

1! OR |
: AND 7 L1 |
| T 0 — |
! — 1814 |
| - OR 50-1 TimeOut )1
1 T |

|
' ,
e |
L e v _ 1
easl nt/Logic
1851

[ 79AR 50-1 blk or
1722
[ >BLOCK 50-1 >—|—u

1704

50-1BLOCKED )

1752

I >BLK 5051

[1201]FCT 50/51

4« | ON
~— OFF

- ?E
(50/51 PH OFF )

(50/51 PH BLK )

Figure 2-6 Logic diagram for the 50-1

The dropout delay only o

delay time.

If parameter MANU
instantaneous tri
50-1 inst.

Inrush Rec.

L 4

PU

S

’c@nent for phases
!&&

o0 inrush was detected. An incoming inrush will reset a running dropout

ssetto 50 -1 instant. and manual close detection is used, a pickup causes

en if blocking of the element via binary input is present. The same applies to 79AR

I@—; 50-1 PU >
ﬁ 3 anp 2

p
[1215]50 T DROP-OUT

ure 2-7 Logic diagram of the dropout delay for 50-1
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[1313] MANUAL CLOSE

i 50N-2 instant.

|/ 50N-3 instant.

1" 50N-1 instant.

51N instant.
Inactive

[ Manual Close

2.2 QOvercurrent Protection 50, 51, 50N, 51N

[ 79AR 50N-1 inst.

InrushDetec. 51N-1 >—

[ 50N-1 PU Dropout delay

50N-1 DELAY [ 1305|
[

N}

1835

50N-1 TimeOut )

[ 79AR 50N-1 blk oR
1725 y—l
[ >BLOCK 50N-1

50N-1BLOCKED )

O

1714 1757
[ >BLK 50N/51N .‘ ( 50N/51N BLK )
[1301]FCT 50N/51N H 2
1 /4 N 1756
LOFF (5ON5TNOFF )
Figure 2-8 Logic diagram for the 50N-1®Iement
If parameter MANUAL (1 050N-1 instant. and manual close detection applies, the trip is initiated

as soon as the pickupconditiops arrive, even if the element is blocked via a binary input. The same applies to

79 AR 50N-1 inst.
The pickup valug§of e 0-1, 50-2 element for the phase currents and 50N-1, 50N-2 element for the ground
current and the alid delay times for each element can be set individually.

delay.

Inrus C.

@)
B
)

AND
L 4

[50N-1 PU

J__El—{som PU >
AND 2

—r
[1315[ 50N T DROP-OUT |

Figure 2-9 Logic of the dropout delay for 50N-1
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The dropoonly functions if no inrush was detected. An incoming inrush will reset a running dropout time
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224

Inverse Time Overcurrent Elements 51, 51N

Inverse time elements are dependent on the variant ordered. They operate with an inverse time characteristic
either according to the IEC- or the ANSI-standard or with a user-defined characteristic. The characteristics/@@and
associated formulas are given in the Technical Data.

During configuration of the inverse time characteristics, the definite time relay elements 50-3, 50-2 and 50-1
are also enabled (see Section "Definite Time High-set Elements 50-3, 50-2, 50N-3, 50N-2" and "Definite Time
Overcurrent Elements 50-1, 50N-1").

A voltage restraint can optionally be set (see Section ,Inverse Time Overcurrent Protection (Voltage:controlled
/ Voltage-restraint").

Pickup Behavior

70

For each element an individual pickup value 51 PICKUP or 51N PICKUP is set. Apartfrom Fundamental,
the True RMS can also be measured. Each phase and ground current is separatelyycompared with the setting
value 51 or 51N per element. If a current exceeds 1.1 times the setting valugj the'eerresponding element picks
up and is signaled individually. If the inrush restraint feature is used, either the normal pickup signals or the
corresponding inrush signals are issued as long as inrush current is detected. If'the 51 element picks up, the
tripping time is calculated from the actual fault current flowing, uging an integrating method of measurement.
The calculated tripping time depends on the selected tripping curve.‘@nce'this time has elapsed, a trip signal
is issued provided that no inrush current is detected or inrusharestraintis disabled. If the inrush restraint feature
is enabled and an inrush condition exists, no tripping takes place buta’message is recorded and displayed in-
dicating when the overcurrent element time delay elapses.

These elements can be blocked by the automatic reclosing,feature (79 AR).

For ground current element 51N the characteristic may be'selected independently of the characteristic used for
phase currents.

Pickup values of elements 51 (phase currefits) and 51N (ground current) and the relevant time multiplicators
may be set individually.

The following two figures show the logicdiagrams for the inverse time overcurrent protection.
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[1213] MANUAL CLOSE

50-2 instant.

50-3 instant.

W1 50 -1 instant.

51 instant.

Inactive

2.2 QOvercurrent Protection 50, 51, 50N, 51N

AND
[Manual Close
OR |
|79 AR 51 inst. InrushDetec. 51
T -
|
|
I[51PhAPU
|
l
: AND
|
:
: |51 TIME DIAL [ 1208]
! |
|
|
|
|
|
|
|
|
|

[ 79ready 51 blk

1723
[ >BLOCK 51

1704
l >BLK 50/51

[1201|FCT 50/51

4« | ON
~— OFF

Figure 2-10  Logic diagram of the invgrse-ti

L 4
L@ setto 51 instant. and manual close detection applies, the trip is initiated
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If parameter MAN
as soon as the pic
79AR 51 inst.

Q>®
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overcurrent protection element for phases

ions arrive, even if the element is blocked via a binary input. The same applies to

71



Functions
2.2 Qvercurrent Protection 50, 51, 50N, 51N

[1313]| MANUAL CLOSE

| 50N-2 instant.
50N-3 instant.

»1 /' 50N-1 instant.
51N instant.

| Inactive
AND
[ Manual Close
: orR| L 4
| 79ready 51N inst. L inrushDetec 5TN >—
I S e ——
i [5INPU
i
I
I
I
I
I
I
| AND
I
I
i [51N TIME DIAL [1308]
! I
I
I
I

N

[ 79ready 51N blk 51N BLOCKED

1726
[ >BLOCK 51N
1714 1757

[ >BLK 50N/51N 50N/51N BLK )
[1301[FCT 50N/51N ‘
ad
| ON 1756
LOFF (5ONSINOFF )
Figure 2-11 Logic diagram of the inverse-time o nt protection element for ground
L 4

If parameter MANUAL CLOSE i N N instant. and manual close detection applies, the trip is initiated
as soon as the pickup co@n , even if the element is blocked via binary input. The same applies to

79AR 51N instantaneous

Dropout Behavior Q

When using urve, it can be selected whether the dropout of an element is to occur instantaneously
after the t en undershot or whether dropout is to be performed by means of disk emulation. "In-
hat pickup drops off when 95 % of the pickup value is undershot. For a new pickup the

The disk emulation evokes a dropout process (timer counter is decrementing) which begins after de-energiza-
tion. This process corresponds to the reset of a Ferraris-disk (explaining its denomination "disk emulation™). In
case sevgal faults occur in succession, the "history" is taken into consideration due to the inertia of the Fer-
is-disk and the time response is adapted. Reset begins as soon as 90 % of the setting value is undershot,
cordance with the dropout curve of the selected characteristic. In the range between the dropout value (95
he pickup value) and 90 % of the setting value, the incrementing and the decrementing processes are in
state.

Disk emulation offers advantages when the overcurrent relay elements must be coordinated with conventional
electromechanical overcurrent relays located towards the source.
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User-defined Characteristics

When user-defined characteristic are used, the tripping curve may be defined point by point. Up to 204valu
pairs (current, time) may be entered. The device then approximates the characteristic, using linear in @

tion.

The dropout curve may be user-defined as well. See dropout behavior for ANSI and IEC curves in ction
description. If no user-defined dropout curve is required, the element drops out as soon as the respective
current falls below approx. 95% of the set pickup value. When a new pickup is evoked, the timerztarts at zero
again.

Voltage-restraint)

2.2.5 Inverse Time Overcurrent Protection 51V (Voltage-con%/

Undervoltage Consideration

The inverse time overcurrent protection is provided with an underveltage detection that can be disabled (ad-

dress 1223 VOLT. INFLUENCE). This function can influence overcurrent detection by means of two different

methods:

« \oltage-controlled: If a set voltage threshold is under th rcurrent element is released.

» \oltage-restraint: The pickup threshold of the ov
A lower voltage decreases the current pickup valu

to 0.25 a linear, directly proportional dependenc&

Vv
[ 1PU - 1. for1.00 <
g U - 1.00 or 1.00 = o

ent depends on the voltage magnitude.
re 2-12). In the range between V/V,, = 1.00
d, and therefore the following applies:

I
I
I
! \% Y
! 51PU —— for 0.25 < —— <1.00

0.5 - : VNom or VNom
I

0.25 I

2 /'S : (V)PU = 51PU - 0.25 for 0.00 < <0.25
2
] i :
025 05 O 1.0 W/VNom
with \Y ominal voltage
U= Pick-up value of inverse time characterisic

@UU = Voltage influence of the pickup value
re 2-

Voltage influence of the pickup value

Fi
The CKUP value is decreased proportional to the voltage decrease. Consequently, for constant current |

the I/ 51 PICKUP ratio is increased and the tripping time is reduced. Compared with the standard curves rep-
resented in Section ,Technical Data* the tripping curve shifts to the left side as the voltage decreases.
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Switching to the lower pickup value or decreasing the pickup threshold is carried out phase-selectively. The

assignment of voltages to current-carrying phases is shown in the following table.
Table 2-2 Controlling voltages in relation to the fault currents O
Current Voltage 0
IA VA - VB
IB VB - VC
| Ve-V ¢
C C™ VA

In order to avoid an unwanted operation in case of a voltage transformer fault, a function blec plement-

ed via a binary input controlled by the voltage transformer protection breaker as well as vi evice-internal
measuring voltage failure detection ("Fuse Failure Monitor"). @
d .

The following two figures show the logic diagrams for the inverse time overcurrent ith undervoltage
consideration.

2
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[1213] MANUAL CLOSE

: 50-2 instant.
i/ 50-3 instant.

2.2 QOvercurrent Protection 50, 51, 50N, 51N

1 50 -1 instant.
51 instant.
Inactive
AND
[ Manual Close S
OR
[79 AR 51 inst. [InrushDetec. 51
e <« YN
|
|
1207 [ 51 PICKUP -
| [1207] | 7553 y
i 51 InRushPU
I VA 1820
RvEEen AND 51 picked up )
: ——>— Loop enable
| VC o | 1825
I [51 TIME DIAL 51 TRIP )
|
|
: AND 1824
I 9 51 Time Out )
| A
| B
I |C
|
| 79ready 51 blk oR 1855
N
1723 ,—‘_1 (51 BLOCKED )
I >BLoCK 51
BLOCK PROT. [5310]
170
(OVT FuseFail )—YES
. NO
6509 "
[ >FAILFEEDER VT
6510
[ >FAlL: Bus vT
1704 04 1752
[ >BLK 50/51 (550/51 PH BLK )
[1201FCT 50/51 \ —
OR
. ON
' (50/51 PH OFF )
[ 1223 | VOLT. INFLUENCE
1
Figure 2-13 diagram of the voltage-controlled inverse time overcurrent protection
L 4
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2.2.6 Dynamic Cold Load Pickup Function

It may be necessary to dynamically increase the pickup values if, during starting, certain elements of the system
show an increased power consumption after a long period of zero voltage (e.g. air-conditioning systemsj
heating installations, motors). Thus, a general raise of pickup thresholds can be avoided taking such starting
conditions into consideration.

This dynamic pickup value changeover is common to all overcurrent elements and is described in Section 2.4.
The alternative pickup values can be set individually for each element of the time overcurrent protection.

2.2.7 Inrush Restraint

When the multi-functional protective relay with local control 7SJ62/64 is installedfer instance, to protect a
power transformer, large magnetizing inrush currents will flow when the transformer is energized. These inrush
currents may be several times the nominal transformer current, and, depending on the transformer size and
design, may last from several tens of milliseconds to several seconds.

Although pickup of the relay elements is based only on the fundameéntal‘iarmonic component of the measured
currents, false device pickup due to inrush is still a potential problem sifce, depending on the transformer size
and design, the inrush current also comprises a large componentiefsthe fundamental.

The 7SJ62/64 features an integrated inrush restraint fhetion. It prevents the ,normal” pickup of 50-1 or 51 relay
elements (not 50-2 and 50-3) in the phases and the groumd path of all directional and non-directional overcur-
rent relay elements. The same is true for the alternativeypickup thresholds of the dynamic cold load pickup func-
tion. After detection of inrush currents above a piekup valéie, special inrush signals are generated. These
signals also initiate fault annunciations and statsthe“associated trip delay time. If inrush conditions are still
present after the tripping time delay has elapséd,acerresponding message (,, . . . . Timeout. “) is output, but
the overcurrent tripping is blocked (seef@lsp, logic diagrams of time overcurrent elements, Figures 2-6 to 2-11).

Inrush current contains a relatively large second harmonic component (twice the nominal frequency) which is
nearly absent during a fault current.he Rrush restraint is based on the evaluation of the 2nd harmonic present
in the inrush current. For frequency,analysis, digital filters are used to conduct a Fourier analysis of all three
phase currents and the ground current:

Inrush current is recognizeddfithe fallowing conditions are fulfilled at the same time:

+ The harmonic content is larger than the setting value 2202 2nd HARMONIC (minimum 0.025 * Iy, sec):
 the currents do not éxceed,an upper limit value 2205 I Max;

» an exceeding ofj@threshold value via an inrush restraint of the blocked element takes place.

In this case an inglish in the affected phase is recognized (annunciations 1840 to 1842 and 7558 ,,InRush Gnd
Det“, see Figure 2-15) and its blocking being carried out.

Since quantitativeyanalysis of the harmonic components cannot be completed until a full line period has been
meastred, pickup will generally be blocked by then. Therefore, assuming the inrush restraint feature is en-
abled, a piekup message will be delayed by a full line period if no closing process is present. On the other hand,
tfip delay times of the time overcurrent protection feature are started immediately even with the inrush restraint
being enabled. Time delays continue running with inrush currents present. If inrush blocking drops out after the
time delay has elapsed, tripping will occur immediately. Therefore, utilization of the inrush restraint feature will
not result in any additional tripping delays. If a relay element drops out during inrush blocking, the associated
time delay will reset.

SIPROTEC, 75J62/64, Manual 77
C53000-G1140-C207-2, Release date 01.2008



Functions
2.2 Qvercurrent Protection 50, 51, 50N, 51N

Cross Blocking

ergized into a single-phase fault and inrush currents are detected on a different healthy phase. However, th

Since inrush restraint operates individually for each phase, protection is ideal where a power transformer is e@
protection feature can be configured to allow that not only this phase element but also the remaining eler@
r_

(including ground) are blocked (the so-called CROSS BLOCK function, address 2203) if the permissible
monic component of the current is exceeded for only one phase.

Please take into consideration that inrush currents flowing in the ground path will not cross-block trippirg by
the phase elements.

Cross blocking is reset if there is no more inrush in any phase. Furthermore, the cross oc%tion may
also be limited to a particular time interval (address 2204 CROSS BLK TIMER). After expiry<ef thi e interval,

the cross blocking function will be disabled, even if inrush current is still present.

The inrush restraint has an upper limit: Above this (via adjustable parameter 2205 rrent blocking is
suppressed since a high-current fault is assumed in this case.

The following figure shows the inrush restraint influence on the time over ts including cross-

cur
blocking. 6
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Figure2-15 Logic diagram for inrush restraint
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2.2.8 Pickup Logic and Tripping Logic

The pickup annunciations of the individual phases (or ground) and the individual elements are combined wito
each other in such a way that the phase information and the element that has picked up are issued. 0

Table 2-3 Pickup annunciations of the overcurrent protection
Internal Annunciation Figure Output Annunciation FNo.
50-3 APU ¢
50-2 APU 2-4 “
50-1 A PU 26 .50/51 Ph APU 2
51APU 2-10
50-3 B PU
50-2 B PU 2-4 u
50-1 B PU 2.6 ,50/51 Ph B PU 1763
51BPU 2-10
50-3C PU
50-2 C PU 2-4 ;
50-1 C PU 26 ,50/51 Ph C PU 1764
51BPU 2-10
50N-3 PU
50N-2 PU 2-5 . )
50N-1 PU 0.8 +DON/51NPickedu 1765
51N PU 2-11
50-3APU +50-3 pi 3 1767
50-3 B PU
50-3C PU
50N-3 PU
50-2 APU 2-4
50-2 B PU 2-4 . "
50-2 C PU o4 0-2 picked up 1800
50N-2 PU 2-5
50-1 APU 2-6
50-1 B PU 2-6 . «
50-1 C PU 26 ,50-1 picked up 1810
50N-1 PU
51APU
51BPU
51 CPU . «
51N PU D1 picked up 1820
(also voltage-controlle
voltage-restraint) -14
(All pickups) +DO(N)/51(N) PU* 1761
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2.2 Overcurrent Protection 50, 51, 50N, 51N

Two-phase Overcurrent Protection (Only Non-directional)

The two-phase overcurrent protection functionality is used in grounded or compensated systems wheke inter-
action with existing two-phase protection equipment is required. As an isolated or resonant-groundéd system
remains operational with a single-phase ground fault, this protection serves the purpose of detecting double
ground faults with high ground fault currents. Only then must the respective feeder be switched off. AtWe-phase
measurement is sufficient for this purpose. In order to ensure selectivity of the protection in this section of the
system, only phases A and C are monitored.

If25050/51 2-ph prot (settablein P.System Data 1)issetto ON, I is not used for threshold comparison.
If the fault is a simple ground fault in B, the element will not pick up. Only after pickup onsA’or € a double ground
fault is assumed, causing the element to pick up and trip after the delay time has elapsed.

Note

With inrush recognition activated and inrush only on B, no cross blocking will take place in the other phases.
On the other hand, if inrush with cross blocking is activated on A or C, B wilhalso be blocked.

2.2.10 Fast Busbar Protection Using Reverse InterlocKing

Application Example

Each of the overcurrent elements can be blocked yia binatyinputs of the relay. A setting parameter determines
whether the binary input operates in the normally open (i.e. actuated when energized) or the normally closed
(i.e. actuated when de-energized) mode. Thig allows, for example, the busbar protection to take immediate
effect in star systems or looped systemsiwhich are open on one side, utilizing "reverse interlocking”. This prin-
ciple is often used, for example, in distribution systems, auxiliary systems of power plants, and the like, where
a station supply transformer supplied frem'the transmission grid serves internal loads of the generation station
via a medium voltage bus with multiple feeders (Figure 2-16).

The reverse interlocking principle’is based on the following: Time overcurrent protection of the busbar feeder
trips with a short time delay T 50-2{indépendent of the grading times of the feeders, unless the pickup of the
next load-side overcurrent protection‘element blocks the busbar protection (Figure 2-16). Always the protection
element nearest to the‘fault will trip'with the short time delay since this element cannot be blocked by a protec-
tion element located behindithe fault. Time elements T 50-1 or T51 are still effective as backup element. Pickup
signals output by the,load-side protective relay are used as input message,,>BLOCK 50-2% via a binary input
at the feeder-side pratective relay.
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Figure 2-16 Reverse interlocking protection sch

2.2.11 Setting Notes \

General

When selecting the time overcurrent pro

and in which the individual pafame

uration of the protective functi N
50/

of tabs can vary. If addre

n in DIGSI a dialog box appears with several tabs, such as, , , ,
be set. Depending on the functional scope specified during config-
resses 112 Charac. Phase and 113 Charac. Ground the number
1 was setto Definite Time, or Charac. Ground was setto
Definite Time,theno settings for the definite time elements are available. The selection of TOC IEC
or TOC ANSI makes additio verse characteristics available. The superimposed high-set elements 50-2,
50-3 and 50N-2, 50N- e ilable in all these cases.

Parameter 250 5 -ph prot can also be set to activate two-phase overcurrent protection.

SS 50/51, overcurrent protection for phases and under address 1301 FCT 50N/51N,
current protection can be switched ON or OFF.

delays, and characteristics for ground protection are set separately from the pickup values,
time delays and characteristic curves associated with phase protection. Because of this, relay coordination for
ground faults is independent of relay coordination for phase faults, and more sensitive settings can often be
applied topdirectional ground protection.

ending on the setting of parameter 251 CT Connect., the device can also be used in specific system
ellations with regard to current connections. Further information can be found under Section 2.1.3.2,
rrent Connections*.
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Measurement Methods

The comparison values to be used for the respective element can be set in the setting sheets for the elegments.

Measurement of the fundamental harmonic (standard method):

This measurement method processes the sampled values of the current and filters in numerical ordér the
fundamental harmonic so that the higher harmonics or transient peak currents remain largely uncensidered.

Measurement of the true r.m.s. value

The current amplitude is derived from the sampled values in accordance with the definition equation of the
true r.m.s. value. This measurement method should be selected when higher harmanics are to be consid-
ered by the function (e.g. in capacitor banks).

Measurement with instantaneous values

This method compares the instantaneous values to the set threshold. It doe§ natperform a mean-value cal-
culation and is thus sensitive with regard to disturbances. This measurement method should only be select-
ed if an especially short pickup time of the element is required. With this measurement method, the operating
time of the element is reduced compared to the measurement of true r.mis, valuies or fundamental harmonics
(see ,Technical Data").

The type of the comparison values can be set under the following addresses:

50-3 element Address 1219 50-3 measurem.

50-2 element Address 1220 50-2 measurem.

50-1 element Address 1221 50-1 measurem.

51 element Address 1222 51 measurem.

50N-3 element Address 1319 50N-3 measurem.

50N-2 element  Address 1320 50N-2 measurem.

50N-1 element Address 1321 50N41 measurem.

51N element Address 1322 51N ‘measurem.

High-set Current Elements 50-2, 50-3 (phases)

The pickup currents of the high*setielements 50-2 PICKUP or 50-3 PICKUP can be set either at address

1202 or 1217. The corespandingjdelay time 50-2 DELAY or 50-3 DELAY can be configured under address
1203 or 1218. It is usuallypused or purposes of current grading intended for large impedances that are prev-
alent in transformers af'generators. It is specified in such manner that it picks up faults up to this impedance.

Example of the high-set current element 50-2 PICKUP: Transformer used for busbar supply with the following

data:

Rated power ofthetransformer SnomT = 16 MVA
Transformer{impedance ZTX=10%
Primary neminal voltage Vyom: = 110 kV
Secoftdary,nominal voltage Vyomz = 20 kV
Veetor groups Dy 5

Starpoint Grounded

Fault power on 110 kV-side 1GVA

Based on the data above, the following fault currents are calculated:

3-Phase High Voltage Side Fault Current I"e3. 1,110 = 5250 A
3-Phase Low Voltage Side Fault Current I"k3. 2,20 = 3928 A
On the High Voltage Side Flowing I"ks. 2,110 = 714 A
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The nominal current of the transformer is:

InomT, 110 = 84 A (High Voltage Side) InomT, 20 = 462 A (Low Voltage
Side)

Current Transformer (High Voltage Side) 100A/1A

Current Transformer (Low Voltage Side) 500A/1A

Due to the following definition

) |
High-set Element 50-2 PIckUp 202, 1 NomTransf
INom VkTransf INomCT

the following setting applies to the protection device: The 50-2 high-set current elément must be set higher than
the maximum fault current which is detected during a low side fault on the highiside:To'reduce fault probability
as much as possible even when fault power varies, the following setting is selected typrimary values: 50-2 /1y,
=10, i.e. 50-2 = 1000 A. The same applies analogously when using thesigh-set element 50-3.

Increased inrush currents, if their fundamental component exceeds the sétting value, are rendered harmless
by delay times (address 1203 50-2 DELAY or 1218 50-3 DELAY):

For motor protection, the 50-2 relay element must be set smallefithan the smallest phase-to-phase fault current
and larger than the largest motor starting current. Since theymaximum occurring startup current is usually below
1.6 x the rated startup current (even with unfavourable cofditiens), the following setting is adequate for the
fault current element 50-2:

16x IStartup < 50-2 Pickup< Ifault,ZpoIe,min

The potential increase in starting current caused by, ovenvoltage conditions is already accounted for by the 1.6
factor. The 50-2 element can be tripped witheut délay (50-2 DELAY = 0.00 s), since saturation of the shunt
reactance occurs in a motor, unlike in a transformer, for example.

The principle of the "reverse interlocking’sutilizesithe multi-element function of the time overcurrent protection:
Element 50-2 PICKUP is applied as a'fast busbar protection with a shorter safety delay time 50-2 DELAY

(e.g. 100 ms). For faults at the outgoing feeders, element 50-2 is blocked. Both element 50-1 or 51 serve as

backup protection. The pickup,values of foth elements (50-1 PICKUP or 51 PICKUP and 50-2 PICKUP) are

set equal. Delay time 50-1 DEKAY omnd4 TIME DIAL is setin such manner that it overgrades the delay for
the outgoing feeders.

The selected time is an additional‘delay time and does not include the operating time (measuring time, dropout
time). The delay can begalSo beset to «. In this case, the element will not trip after pickup. However, pickup,
will be signaled. If the 50-2 element or the 50-3 element is not required at all, the pickup threshold 50-2 or 50-
3 is set to «. This setting prévents tripping and the generation of a pickup message.

High-set Current Elements 5@N-2, 50N-3 (ground)

84

The pickup gurrents of the high-set elements 50N-2 PICKUP or 50N-3 PICKUP are set under address 1302
or 1317. The,cafresponding delay time 50N-2 DELAY or 50N-3 DELAY can be configured under address
1303 or 1318."The same considerations apply to these settings as they did for phase currents discussed ear-
lier.

The selected time is an additional delay time and does not include the operating time (measuring time, dropout
time). The delay can be also be set to «. In this case, the element will not trip after pickup. However, pickup,
will'be signaled. If the 50N-2 element or 50N-3element is not required at all, the pickup threshold 50N-2 or 50N-
3'hould be set to «. This setting prevents tripping and the generation of a pickup message.
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50-1 Element (phases)

For setting the 50-1 element, it is the maximum anticipated load current that must be considered aboye allk
Pickup due to overload should never occur since in this mode the device operates as fault protection With cor-
respondingly short tripping times and not as overload protection. For this reason, a setting equal t@"20%_0fthe
expected peak load is recommended for line protection, and a setting equal to 40% is recommended fortrans-
formers and motors.

The settable time delay (address 1205 50-1 DELAY) results from the grading coordination chart defined for
the system.

The selected time is an additional delay time and does not include the operating time (measuring time, dropout
time). The delay can be also be set to «. In this case, the element will not trip afteripickup#However, pickup,
will be signaled. If the 50-1 element is not required at all, then the pickup thresh®ld,50-2 should be set to .
This setting prevents tripping and the generation of a pickup message.

50N-1 Element (ground)
For setting the 50N-1 ement, it is the minimum anticipated ground fault cufrent that must be considered.

If the relay is used to protect transformers or motors with large jipflish cugrents, the inrush restraint feature of
7SJ62/64 may be used for the 50N-1 relay element. It can be enabledvor disabled for both the phase current
and the ground current in address 2201 INRUSH REST .. The charatteristic values of the inrush restraint are
listed in Subsection "Inrush Restraint".

The settable delay time (address 1305 50N-1 DELAY)fesultsfrom the grading coordination chart defined for
the system. For ground currents in a grounded system,a separate coordination chart with shorter time delays
is possible.

The selected time is an additional delay time afnd‘deesfiot include the operating time (measuring time, dropout
time). The delay can be also be set to «.ln thisgase, the element will not trip after pickup. However, pickup,
will be signaled. If the 50N-1 elementds notrequired at all, the pickup threshold 50N-1 PICKUP should be set
to . This setting prevents tripping and,the generation of a pickup message.

Pickup Stabilization (Definite Time)

The configurable dropout times 1215 50 T DROP-OUT or 1315 50N T DROP-OUT can be set to implement
a uniform dropout behavior whenasing electromechanical relays. This is necessary for a time grading. The
dropout time of the electremeehanical relay must be known to this end. Subtract the dropout time of the device
(see Technical Data) from this value and enter the result in the parameters.

51 Element (phases) with IE€or"ANSI characteristics

Having set address 112 Charac. Phase =TOC IEC or TOC ANSI when configuring the protection functions
(Section 2.1°1.2), the parameters for the inverse characteristics will also be available.

If address 192 Charac. Phase was setto TOC IEC, you can select the desired IEC characteristic (Normal
Inverse,Very Inverse, Extremely Inv. or Long Inverse) ataddress 1211 51 IEC CURVE. If
address 112 Charac. Phase was setto TOC ANSI, you can select the desired ANSI characteristic (Very
InversejInverse, Short Inverse,Long Inverse, Moderately Inv.,Extremely Inv. or
Definite Inv.) ataddress 1212 51 ANSI CURVE.

If the inverse time trip characteristic is selected, it must be noted that a safety factor of about 1.1 has already
been included between the pickup value and the setting value. This means that a pickup will only occur if a
current of about 1.1 times the setting value is present. If Disk Emulation was selected at address 1210 51
Drop-out, reset will occur in accordance with the reset curve as described before.

The current value is set in address 1207 51 PICKUP. The setting is mainly determined by the maximum an-
ticipated operating current. Pickup due to overload should never occur since in this mode the device operates
as fault protection with correspondingly short tripping times and not as overload protection.
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The corresponding time multiplier for an IEC characteristic is set at address 1208 51 TIME DIAL and in
address 1209 51 TIME DIAL for an ANSI characteristic. It must be coordinated with the grading coordination
chart of the system.

The time multiplier can also be set to «. In this case, the element will not trip after pickup. However, pickupfwill
be signaled. If the 51 element is not required at all, address 112 Charac. Phase should be setto Definite
Time during protective function configuration (see Section 2.1.1.2).

If highly sensitive settings close to the load current are required in weak power systems or transformers, the
element can be stabilized via the undervoltage as an additional criterion for the power system fault. The oper-
ating modes can be set in address 1223 VOLT. INFLUENCE. In a voltage-controlled operationgthe voltage
threshold is defined via parameter 1224 51V V< below which the current element is réleased.

51N Element (ground) with IEC or ANSI Characteristics

Having set address 113 Charac. Ground = TOC IEC when configuring the protection functions (Section
2.1.1), the parameters for the inverse characteristics will also be available. Specifyyin address 1311 51N IEC
CURVE the desired IEC characteristic (Normal Inverse, Very InversegExtremely Inv. or Long
Inverse). If address 113 Charac. Ground was setto TOC ANSI, you €an select the desired ANSI
characteristic (Very Inverse, Inverse, Short Inverse, Long InversejModerately Inv.,
Extremely Inv. orDefinite Inv.)ataddress 1312 51N ANSI{ CURVE:

If the inverse time trip characteristic is selected, it must be noted that'a,safety factor of about 1.1 has already
been included between the pickup value and the setting valdeémhis means that a pickup will only occur if a
current of about 1.1 times the setting value is present. If Disk Emulation was selected at address 1310 51
Drop-out, reset will occur in accordance with the reset curve as described before.

The current value is set in address 1307 51N PICKUP. The setting is mainly determined by the minimum an-
ticipated ground fault current.

The corresponding time multiplier for an IEC characteristic'is set at address 1308 51N TIME DIAL and in
address 1309 51N TIME DIAL for an ANSI characteristic. This has to be coordinated with the grading coor-
dination chart of the network. For groundgurrents with grounded network, you can often set up a separate
grading coordination chart with shorter delayatimes:

The time multiplier can also be set to «.An thisicase, the element will not trip after pickup. However, pickup, will
be signaled. If the 5IN-TOC element is not required at all, address 113 Charac. Ground should be set to
Definite Time during configuration ofghe protection functions (see Section 2.1.1).

User-defined Characteristics (phases and ground)

86

Having set address 112 Charac. "Phase or 113 =Charac. Ground =User Defined PUor User def.
Reset when configuring the protective functions (Section 2.1.1.2), the user-defined curves will also be avail-
able. A maximum of 20Walue/pairs (current and time) may be entered at address 1230 51/51N or 1330
50N /51N in this caSe. This option allows point-by-point entry of any desired curve. When setting address 112
=User def§ Reset of 113 =User def. Reset additional value pairs (current and reset time) may be
entered in@ddress 1231 MofPU Res T/Tp or 1331 MofPU Res T/TEp to represent the dropout curve.

Since elrrentvalugs are rounded in a specific pattern before they are processed in the device (see Table 2-4),
we recommend 10 use exactly the same preferred current values you can find in this table.

The current and time value pairs are entered as multiples of addresses 1207 51 PICKUP and 1208 51 TIME
DIAL for the phase currents and 1307 and 1308 for the ground system. Therefore, it is recommended that
these addresses are initially set to 1.00 for simplicity. Once the curve is entered, the values at addresses 1207
or4307 or/and 1208 or 1308 can be modified later to allow moving the curve in a different direction.

The default setting of current values is «. They are, therefore, disabled and no pickup or tripping of these pro-
tection functions will occur.
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The following must be observed:

« The value pairs should be entered in increasing sequence. If desired, fewer than 20 pairs can be entered.
In most cases, about 10 pairs is sufficient to define the characteristic accurately. A value pair whic @
IJ

used has to be made invalid by entering "«” for the threshold! The user must ensure that the v,
produce a clear and constant characteristic .

The current values entered should be those from the following table, along with the matching times. Deviat-
ing values MofPU (multiples of PU-values) are rounded. This, however, will not be indicated.

Currents smaller than the current value of the smallest curve point will not lead to an extension ot the tripping

time. The pickup curve (see Figure 2-17, right side) runs parallel to the current axis; 0 the smallest
current value point.
Currents larger than the largest current value entered will not lead to a reduction tripping time. The
pickup curve (see Figure 2-17, right side) runs parallel to the current axis, be@xl h the greatest current
value point.
Table 2-4 Preferential values of standardized currents for user-de tripping curves
MofPU = 1to 1.94 MofPU =2to 4.75 MofPU =6 to MofPU =8to 20
1.00 1.50 2.00 3.50 5.00 0 8.00 15.00
1.06 1.56 2.25 3.75 5.2 75 9.00 16.00
1.13 1.63 2.50 4.00 . .00 10.00 17.00
1.19 1.69 2.75 4.25 7.25 11.00 18.00
1.25 1.75 3.00 4.50 7.50 12.00 19.00
1.31 1.81 3.25 4.75 7.75 13.00 20.00
1.38 1.88 14.00
1.44 1.94
A
T/Tp

Largest Current Poin:
Smallest Current Point

Tripping

st Current Point

Largest Current Point

09 1.0 1.1 200 MofPU

ur Using a user-defined curve
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The value pairs are entered at address 1231 MofPU Res T/Tpor 1331 MofPU Res T/TEp to recreate the
reset curve. The following must be observed:

» The current values entered should be those from the following Table 2-5, along with the matching times. DO
viating values of MofPU are rounded. This, however, will not be indicated.
Currents larger than the largest current value entered will not lead to an extension of the dropout time\The
dropout curve (see Figure 2-17, left side) runs parallel to the current axis, up to the largest curve value po

Currents which are smaller than the smallest current value entered will not lead to a reduction of the dropout
time. The dropout curve (see Figure 2-17, left side) runs parallel to the current axis, beginning with the®mall-

est curve value point. %
Table 2-5 Preferential values of standardized currents for user-defined reset curves

MofPU = 1 to 0.86 MofPU =0.84to 0.67 MofPU = 0.66 to 0.38 = 0.34 to 0.00
1.00 0.93 0.84 0.75 0.66 0.53 0.16
0.99 0.92 0.83 0.73 0.64 0.50 0.13
0.98 0.91 0.81 0.72 0.63 0.47 0.09
0.97 0.90 0.80 0.70 0.61 0.44 0.06

0.96 0.89 0.78 0.69 0.59 0 0.03

0.95 0.88 0.77 0.67 0.56 0.19 0.00

0.94 0.86

When using DIGSI to make settings, a dialog box opens u enter up to 20 value pairs (measured
quantity and trip time) (see Figure 2-18).

In order to represent the characteristic graphically, the u hould click on "characteristic". The previously

entered characteristic will appear as shown in Figuref2-
The characteristic curve shown in the graph m d later on. Placing the mouse cursor over a point

on the characteristic, the cursor changes to e of a hand. Press and hold the left mouse button and drag
the data item to the desired position. Releasi e mouse button will automatically update the value in the
value table. \

The respective upper limits of the ranges of yalue are indicated by dotted lines in the right-hand and upper area

of the system of coordinates. If the p
to infinity.

itio a data point lies outside these limits, the associated value is set

Kennliniengraph - [param.kii]
& Wiew Window  Help =& x|
s Q 7

alue 1 Walue 2
1,101/1p 500,00 Tis
150171
2,001/Ip
5001/1p

10,001/Ip

A/51/51N1230

1000,000 -
500,000

100,000 <
50,000

10,000 |
5,000 o

Time Dial

1,000
0,500 o

ot | oeh | ot | 2,100 -
0,050 o

0,010

x=283 y=237 [ oM 4

ure 2-18 Entry and visualization of a user-defined tripping characteristic in Digsi — example
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Inrush Restraint

When applying the protection device to transformers where high inrush currents are to be expected, the
7SJ62/64 can make use of an inrush restraint function for the overcurrent elements 50-1, 51, 50N-1 and 51N as
well as the non-directional overcurrent elements.

Inrush restraint is only effective and accessible if address 122 InrushRestraint was set to Enabled. If this
function is not required, then Disabled is set. In address 2201, INRUSH REST. the function is switched ON
or OFF jointly for the overcurrent elements .50-1 PICKUP,51 PICKUP, 50N-1 PICKUP and 51N PICKUP

The inrush restraint is based on the evaluation of the 2nd harmonic present in the inrushseurrent. Upon delivery
from the factory, a ratio I,{/1; of 15 % is set. Under normal circumstances, this settingiwill'notineed to be
changed. The setting value is identical for all phases and ground. However, the component required for re-
straint may be adjusted to system conditions in address 2202 2nd HARMONIC¢#To,provide more restraint in
exceptional cases, where energizing conditions are particularly unfavorable, a smallePvalue can be set in the
aforementioned address, e.g. 12 %. Irrespective of parameter 2202 2nd HARMONIC, rush blocking will only
occur if the absolute value of the 2nd harmonic is at least 0.025 * Iy, e

The effective duration of the cross-blocking 2203 CROSS BLK TIMER can be set to a value between 0 s (har-
monic restraint active for each phase individually) and a maximum 9,180 s‘(harmonic restraint of a phase
blocks also the other phases for the specified duration).

If the current exceeds the value set in address 2205 I Maxy,no further restraint will take place for the 2nd har-
monic.

Manual Close Mode (phases,ground)

When a circuit breaker is closed onto a faulted ling, a high=speed trip by the circuit breaker is usually desired.
For overcurrent or high-set element the delay may beybypassed via a Manual Close pulse, thus resulting in
instantaneous tripping. This pulse is prolonged hy atleast 300 ms. To enable the device to react properly on
occurrence of a fault in the phase eleménts, address 1213 MANUAL CLOSE has to be set accordingly. Corre-
spondingly, address 1313 MANUAL LLOSE is considered for the ground path address. Thus, the user deter-
mines for both elements, the phase, andithe ground element, what pickup value is active with what delay when
the circuit breaker is closed manually:

External Control Command

If the manual close signal is not sent from 7SJ62/64 device, i.e. neither via the built-in operator interface nor
via a serial interface, but'directiy¥from a control acknowledgment switch, this signal must be passed to a
7SJ62/64 binary inputgand configured accordingly (,>Manual Close*), so that the element selected for
MANUAL CLOSE can become effective. The alternative Inactive means that all elements operate as per con-
figuration even withymahual close and do not get special treatment.

Internal Control Function

If the manual elose signal is sent via the internal control function of the device, an internal connection of infor-
mation haste, be established via CFC (interlocking task level) using the CMD_Information block (see Figure 2-
19).

- R .
IA OFF BO g}gT PowSystData 2 >Manual Close
T4 ON BO _,_

I CAT W

IN: Control Device 52 Breaker
CF D12 I DEVICE |

Figure 2-19 Example for the generation of a manual close signal using the internal control function
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Note

For an interaction between the automatic reclosing function (79 AR) and the control function, an extended CFC
logic is necessary. See margin heading ,,Close command: Directly or via Control” in the Setting Notes of the
automatic reclosing function (Section 2.14.6).

Interaction

Interaction

90

with the Automatic Reclosing Function (phases)

When reclosing occurs, it is desirable to have high-speed protection against faults with 50-2 ar50-3.If the fault
still exists after the first reclosing, the 50-1 or 51 elements will be initiated with graded tripping times, that is,
element 50-2 or 50-3 will be blocked. At address 1214 50-2 active or 1216 50-3 4act.ivelit can be spec-
ified whether the 50-2 or the 50-3 element should be influenced by the status of an interfal|or external auto-
matic reclosing system. The settingwith 79 active means that the 50-2 or 50-3)elements will only be re-
leased if automatic reclosing is not blocked. If this is not desired, choose the setting AIways so that the 50-2
or 50-3 elements will always be active.

The integrated automatic reclosing function of 7SJ62/64 also provides the“@ption to individually determine for
each overcurrent element whether tripping or blocking is to be carried gutiinstantaneously, unaffected by the
AR with the set time delay (see Section 2.14).

with the Automatic Reclosing Function (ground)

When reclosing occurs, it is desirable to have high-speed protection against faults with 50N-2 or 50N-3. If the
fault still exists after the first reclosing, the 50N-1 or 51N eléments.er will be initiated with graded tripping times,
that is, element 50N-2 or 50N-3 will be blocked. At addressyl314 50N-2 active or 1316 50N-3 active it
can be specified whether the 50N-2 or the 50N-3 elementshould be influenced by the status of an internal or
external automatic reclosing system. Address with 79/acitive determines that the 50N-2 or 50N-3 elements
will only operate if automatic reclosing is notdlocked. Ifthis is not desired, select the setting AIways so that
the 50N-2 or 50N-3 elements will always operate; as configured.

The integrated automatic reclosing function of,7SJ362/64 also provides the option to individually determine for
each overcurrent element whether trippifig or bloeking is to be carried out instantaneously, unaffected by the
AR with the set time delay (see Section ;2 44))
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2.2.12 Settings
Addresses which have an appended "A" can only be changed with DIGSI, under "Display Additional S @ .
The table indicates region-specific default settings. Column C (configuration) indicates the corres@ sec-
ondary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting Comments
1201 FCT 50/51 ON ON 50, 51 Phase Time Over-
OFF
1202 50-2 PICKUP 1A | 0.10..35.00 A; 2.00 A
5A 0.50..175.00 A; 10.00 A
1203 50-2 DELAY 0.00 .. 60.00 sec; © 0.00 sec
1204 50-1 PICKUP 1A 0.10..35.00 A; © 1.00 A 50-1 Pickup
5A | 0.50..175.00 A; « 5.00 A
1205 50-1 DELAY 0.00 .. 60.00 sec; «© 50-1 Time Delay
1207 51 PICKUP 1A 0.10..4.00 A 51 Pickup
5A | 0.50..20.00 A
1208 51 TIME DIAL 0.05 .. 3.20 sec; = 51 Time Dial
1209 51 TIME DIAL 0.50..15.00 ; « 51 Time Dial
1210 51 Drop-out Instantaneous Disk Emulation Drop-out characteristic
Disk Emulatio
1211 51 IEC CURVE Normal Inverse IEC Curve
1212 51 ANSI CURVE Very Inverse ANSI Curve

Definite Inv.
1213A MANUAL CLOSE 50-3 instant. 50-2 instant. Manual Close Mode
50-2 instant.
50 -1 instant.
51 instant.
Inactive
1214A | 5042 acti Always Always 50-2 active
with 79 active
1215A |50 -OuUT 0.00 .. 60.00 sec 0.00 sec 50 Drop-Out Time Delay
1216A | 50-3 active Always Always 50-3 active
. with 79 active
121 50-3 PICKUP 1A 1.00..35.00 A; o A 50-3 Pickup
5A 5.00..175.00 A; o o A
1 50-3 DELAY 0.00 .. 60.00 sec; « 0.00 sec 50-3 Time Delay
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Addr. Parameter C Setting Options Default Setting Comments
1219A 50-3 measurem. Fundamental Fundamental 50-3 measurement of
True RMS
Instantaneous
1220A 50-2 measurem. Fundamental Fundamental 50-2 measurement of
True RMS
1221A 50-1 measurem. Fundamental Fundamental 50-1 measurement ofy,
True RMS
1222A 51 measurem. Fundamental Fundamental 51 L&;,of
True RMS
1223 VOLT. INFLUENCE NO NO 51 e Influence
Volt. controll.
Volt. restraint
1224 51V V< 10.0..125.0V 75.0V < Threshold for
elease Ip
1230 51/51N 1.00 .. 20.00 /Ip; 51/51N
0.01..999.00 TD
1231 MofPU Res T/Tp 0.05 .. 0.95 I/lp; = Multiple of Pickup <-> T/Tp
0.01..999.00 TD
1301 FCT 50N/51N ON 50N, 51N Ground Time
OFF Overcurrent
1302 50N-2 PICKUP 1A 0.05..35.00 A; © 50N-2 Pickup
5A 0.25..175.00 A; 0A
“ 4 IN
1303 50N-2 DELAY 0.00 .. 60.00 0.10 sec 50N-2 Time Delay
1304 50N-1 PICKUP 1A 0.05 .. 0.20 A 50N-1 Pickup
5A 0.25 .. 1.00 A
1305 50N-1 DELAY 0.50 sec 50N-1 Time Delay
1307 51N PICKUP 1A 0.20 A 51N Pickup
5A 1.00 A
1308 51N TIME DIAL .20 sec; © 0.20 sec 51N Time Dial
1309 51N TIME DIAL 0..15.00 ; o 5.00 51N Time Dial
1310 51N Drop-out tantaneous Disk Emulation Drop-Out Characteristic
Disk Emulation
1311 51N IEC CURVE Normal Inverse Normal Inverse IEC Curve
Very Inverse
Extremely Inv.
Long Inverse
1312 Very Inverse Very Inverse ANSI Curve
Inverse
Short Inverse
* Long Inverse
Moderately Inv.
Extremely Inv.
Definite Inv.
92 SIPROTEC, 7SJ62/64, Manual

C53000-G1140-C207-2, Release date 01.2008



Functions
2.2 QOvercurrent Protection 50, 51, 50N, 51N

Addr. Parameter C Setting Options Default Setting Comments

1313A MANUAL CLOSE 50N-3 instant. 50N-2 instant. Manual Close Mod
50N-2 instant.
50N-1 instant.
51N instant.
Inactive

1314A | 50N-2 active Always Always 50N-2 active
With 79 Active

1315A 50N T DROP-OUT 0.00 .. 60.00 sec 0.00 sec

1316A | 50N-3 active Always Always
with 79 active

1317 50N-3 PICKUP 0.25..35.00 A; © o A

1318 50N-3 DELAY 0.00 .. 60.00 sec; 0.00 sec 50N-3 Time Delay

1319A 50N-3 measurem. Fundamental Fundal 50N-3 measurement of
True RMS
Instantaneous

1320A 50N-2 measurem. Fundamental F al 50N-2 measurement of
True RMS

1321A 50N-1 measurem. Fundamental ndamental 50N-1 measurement of
True RMS

1322A 51N measurem. Fundamental undamental 51N measurement of
True RMS i

1330 50N/51N 1.00 .. 20.00 MIp; 50N/51N
0.01..999.00'T, ‘

1331 MofPU Res T/TEp 0.05 ; Multiple of Pickup <->
0. TI/TEp

2201 INRUSH REST. OF OFF Inrush Restraint

2202 2nd HARMONIC 0 % 15 % 2nd. harmonic in % of fun-

damental

2203 CROSS BLOCK NO Cross Block
YES

2204 CROSS BLK TIM 0.00 .. 180.00 sec 0.00 sec Cross Block Time

2205 | Max A 0.30..25.00 A 7.50 A Maximum Current for

@ EA | 150. 12500 A 3750 A Inrush Restraint
L 4
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2.2.13 Information List
No. Information Type of In- Comments
formation
1704 >BLK 50/51 SP >BLOCK 50/51
1714 >BLK 50N/51N SP >BLOCK 50N/51N
1718 >BLOCK 50-3 SP >BLOCK 50-3
1719 >BLOCK 50N-3 SP >BLOCK 50N-3
1721 >BLOCK 50-2 SP >BLOCK 50-2
1722 >BLOCK 50-1 SP >BLOCK 50-1
1723 >BLOCK 51 SP >BLOCK 51
1724 >BLOCK 50N-2 SP >BLOCK 50N-2
1725 >BLOCK 50N-1 SP >BLOCK 50N-1
1726 >BLOCK 51N SP >BLOCK 51N
1751 50/51 PH OFF ouT 50/51 O/C switched OFF,
1752 50/51 PH BLK ouT 50/51 O/C is BLOCKER.
1753 50/51 PH ACT ouT 50/51 O/C is ACTIVE
1756 50N/51N OFF ouT 50N/51N is OFF
1757 50N/51N BLK ouT 50N/51N is,BLOCKED
1758 50N/51N ACT ouT 50N/51N is ACTIVE
1761 50(N)/51(N) PU ouT 50(N)/51(N), O/CPICKUP
1762 50/51 Ph A PU ouT 50/51 ®hase A'picked up
1763 50/51 Ph B PU ouT 50/52%Rhase B picked up
1764 50/51 Ph C PU ouT 50/51 Phase C picked up
1765 50N/51NPickedup ouT 50N/5IN picked up
1767 50-3 picked up ouT 50-3 picked up
1768 50N-3 picked up ouT 50N-3 picked up
1769 50-3 TRIP ouF 50-3 TRIP
1770 50N-3 TRIP ouT 50N-3 TRIP
1787 50-3 TimeOut OuUT 50-3 TimeOut
1788 50N-3 TimeOut OUT 50N-3 TimeOut
1791 50(N)/51(N)TRIP QuUT 50(N)/51(N) TRIP
1800 50-2 picked up ouT 50-2 picked up
1804 50-2 TimeOut ouT 50-2 Time Out
1805 50-2 TRIP ouT 50-2 TRIP
1810 50-1 picked up ouT 50-1 picked up
1814 50-1 TimeOut ouT 50-1 Time Out
1815 50-1 TRIR ouT 50-1 TRIP
1820 51 pickéd up ouT 51 picked up
1824 51 Time Out ouT 51 Time Out
1825 51 TRIP ouT 51 TRIP
1831 50N-2 picked up ouT 50N-2 picked up
1832 50N-2 TimeOut ouT 50N-2 Time Out
1833 S50N-2 TRIP ouT 50N-2 TRIP
1834 50N-1 picked up ouT 50N-1 picked up
1835 50N-1 TimeOut ouT 50N-1 Time Out
1836 50N-1 TRIP ouT 50N-1 TRIP
1837 51N picked up ouT 51N picked up
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No. Information Type of In- Comments
formation

1838 51N TimeOut ouT 51N Time Out
1839 51N TRIP ouT 51N TRIP
1840 PhA InrushDet ouT Phase A inrush detection
1841 PhB InrushDet ouT Phase B inrush detection
1842 PhC InrushDet ouT Phase C inrush detection
1843 INRUSH X-BLK ouT Cross blk: PhX blocked PhY
1851 50-1 BLOCKED ouT 50-1 BLOCKED
1852 50-2 BLOCKED ouT 50-2 BLOCKED
1853 50N-1 BLOCKED ouT 50N-1 BLOCKED
1854 50N-2 BLOCKED ouT 50N-2 BLOCKED
1855 51 BLOCKED ouT 51 BLOCKED
1856 51N BLOCKED ouT 51N BLOCKED
1866 51 Disk Pickup ouT 51 Disk emulation Pickup.
1867 51N Disk Pickup ouT 51N Disk emulation‘picked up
7551 50-1 InRushPU ouT 50-1 InRush pickediup
7552 50N-1 InRushPU ouT 50N-1 InRush picked up
7553 51 InRushPU ouT 51 InRush'picked up
7554 51N InRushPU ouT 51N nRusShpicked up
7556 InRush OFF ouT InRush ORF
7557 InRush BLK ouT INRush"BLOCKED
7558 InRush Gnd Det ouT InRUsh Ground detected
7559 67-1 InRushPU ouT 67-1 InRush picked up
7560 67N-1 InRushPU ouT 67N-1 InRush picked up
7561 67-TOC InRushPU ouT 67-TOC InRush picked up
7562 67N-TOCInRushPU ouT 67N-TOC InRush picked up
7563 >BLOCK InRush SP >BLOCK InRush
7564 Gnd InRush PU ouT Ground InRush picked up
7565 la InRush PU ouT Phase A InRush picked up
7566 Ib InRush PU ouT Phase B InRush picked up
7567 Ic InRush PU ouT Phase C InRush picked up
10034 50-3 BLOCKED ouT 50-3 BLOCKED
10035 50N-3 BLOCKED: ouT 50N-3 BLOCKED
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2.3

Directional Overcurrent Protection 67, 67N

With directional overcurrent protection the phase current and the ground currents are each provided with three
elements. All elements may be configured independently from each other and combined as desired.

High-set current elements 67-2 and overcurrent element 67-1 always operate with a definite tripping time, the
third element 67-TOC operates with an inverse tripping time.

Applications

231
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» The directional overcurrent protection allows the application of multifunctional protection devices' 7SJ62/64
also in systems where protection coordination depends on knowing both the magnitude ofithe fault current
and the direction of power flow to the fault location.

« The non-directional overcurrent protection described in Section 2.2 may operatedas overlapping backup pro-
tection or may be disabled. Additionally, individual elements (e.g. 67-2 and/or §7N-2)imay be interconnected
with the directional overcurrent protection.

» For parallel lines or transformers supplied from a single source, only directional @vercurrent protection allows
selective fault detection.

« For line sections supplied from two sources or in ring-operated lines, the ‘Qwercurrent protection has to be
supplemented by the directional criterion.

General

For parallel lines or transformers supplied from a singlegsouree (Figure 2-20), the second feeder (l1) is opened
on occurrence of a fault in the first feeder (1) if tripping of the,breaker in the parallel feeder is not prevented by
adirectional measuring element (at B). Therefafe where indicated with an arrow (Figure 2-20), directional over-
current protection is applied. Please ensurefthat the "forward" direction of the protection element is in the di-
rection of the line (or object to be protected). This is not necessarily identical with the direction of the normal
load flow, as shown in Figure 2-20.

I
@
— — —
 m—  —  m—

II

b sy
— ]
— — ]

1 Time-Overcurrent Protection

Direction of'Lead
Flow:

E Directional Overcurrent Protection

Figure 2-20 Overcurrent protection for parallel transformers
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For line sections supplied from two sources or in ring-operated lines, the overcurrent protection has to be sup-
plemented by the directional criterion. Figure 2-21 shows a ring system where both energy sources are merged
to one single source.

At—
| —_—
i e — |
te—y
G G

[ Time-Overcurrent Protection
5 Directional Overcurrent Protection

Figure 2-21  Transmission lines with sources at both ends

Depending on the setting of parameter 613 50N/51N/67N“w. , the ground current element can operate either
with measured values I or with the values 310 calculatediffom the three phase currents. Devices featuring a
sensitive ground current input, however, use the calGulated quantity 310.

For each element the time can be blocked viabinary ihput or automatic reclosing (cycle-dependent), thus sup-
pressing the trip command. Removal of blocking'dufing pickup will restart time delays. The Manual Close signal
is an exception. If a circuit breaker isimandally closed onto a fault, it can be re-opened immediately. For over-
current elements or high-set eleménts theydelay may be bypassed via a Manual Close pulse, thus resulting in
high-speed tripping.

Furthermore, immediate tripping may bevinitiated in conjunction with the automatic reclosing function (cycle de-
pendant).

Pickup stabilization for'the 6%/67N elements of the directional overcurrent protection can be accomplished by
means of settable dropduttimes. This protection comes into use in systems where intermittent faults occur.
Combined with electromechanical relays, it allows different dropout responses to be adjusted and a time
grading of digital andielectromechanical relays to be implemented.

Pickup and delay settifigs may be quickly adjusted to system requirements via dynamic setting swapping (see
Section 2.4).

Utilizing theiiprush restraint feature tripping may be blocked by the 67-1, 67-TOC, 67N-1, and 67N-TOC ele-
ments iNphaseés and ground path when inrush current is detected.
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2.3.2
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The following table provides an overview of the interconnection to other functions of 7SJ62/64.

Table 2-6 Interconnection to other functions
Directional Time Connection to Auto- Manual Dynamic Cold Load | Inrush Restraint
Overcurrent Protec- matic Reclosing CLOSE Pickup
tion Elements

67-1 . . . .

67-2 . . .

67-TOC . . . .

67N-1 . . . .

67N-2 . . .

67N-TOC . . . .

Definite Time, Directional High-set Elements 67-2, 67N=2

For each element an individual pickup value 67 -2 PICKUP or 67N-2 RTGKUP's set, which can be measured
as Fundamental or True RMS. Phase and ground current are gompared separately with the pickup values
of the 67-2 PICKUP and 67N-2 PICKUP relay elements. Currents aboveithe setting values are signalled sep-
arately when fault direction is equal to the direction configured, Afterthe appropriate delay times 67-2 DELAY,
67N-2 DELAY have elapsed, trip signals are issued which argyavailable for each element. The dropout value
is approxmiately 95% of the pickup value for currents > 0.3} om-

Pickup can be stabilized by setting dropout times 1518 67 T DROP-OUT or 1618 67N T DROP-OUT. This
time is started and maintains the pickup condition if theqeurrentfalls below the threshold. Therefore, the function
does not drop out at high speed. The trip-command (delaytime 50-2 DELAY or 50N-2 DELAY continues in
the meantime. After the dropout delay time has elapsed, the pickup is reported OFF and the trip delay time is
reset unless the threshold 50-2 PICKUP orf50N-2 PICKUP has been exceeded again. If the threshold is ex-
ceeded again during the dropout delay time, theédtime is cancelled. The trip-command delay time 50-2 DELAY
or 50N-2 DELAY continues in the meantimefShotld the threshold value be exceeded after its expiry, the trip
command is issued immediately. If the thfesholdValue is not exceeded at this time, there will be no reaction. If
the threshold value is exceeded again aftefexpiry of the trip-command delay time, while the dropout delay time
is still running, tripping occurs immed@iately.

These elements can be blockedgy the attomatic reclosure feature (AR).

The following figure gives anéexample’of the logic diagram for the high-set element 67-2.
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2.3.3

100

Definite Time, Directional Overcurrent Elements 67-1, 67N-1

For each element an individual pickup value 67-1 PICKUP or 67N-1 PICKUP is set, which can be measured
as Fundamental or True RMS. Phase and ground currents are compared separately with the common settifig
value 67-1 PICKUP or 67N-1 PICKUP. Currents above the setting values are signaled separately when fault
direction is equal to the configured direction. If the inrush restraint feature is used, either the normal pickup
signals or the corresponding inrush signals are issued as long as inrush current is detected. When, after pickup
without inrush recognition, the relevant delay times 67-1 DELAY, 67N-1 DELAY have expired, a tripping
command is issued. If the inrush restraint feature is enabled and an inrush condition exists, negtripping takes
place but a message is recorded and displayed indicating when the overcurrent element time déelay elapses.
Trip signals and signals upon expiry of the time delay are available separately for each element.Fhe dropout
value is approxmiately 95% of the pickup value for currents > 0.3 Iy,

Pickup can be stabilized by setting dropout times 1518 67 T DROP-OUT or 1618 67ZN/T DROP-OUT. This
time is started and maintains the pickup condition if the current falls below the threshold, Therefore, the function
does not drop out at high speed. The trip-command delay time 50-1 DELAY of“60N-1“DELAY continues in
the meantime. After the dropout delay time has elapsed, the pickup is reporteth©@FFand the trip delay time is
reset unless the threshold 50-1 PICKUP or 50N-1 PICKUP has been exéeeded again. If the threshold is ex-
ceeded again during the dropout delay time, the time is cancelled. The tripzcommand delay time 50-1 DELAY
or 50N-1 DELAY continues in the meantime. Should the threshold value pe‘exceeded after its expiry, the trip
command is issued immediately. If the threshold value is not exceeded at this time, there will be no reaction. If
the threshold value is exceeded again after expiry of the trip-command delay time, while the dropout delay time
is still running, tripping occurs immediately.

The inrush restraint of the overcurrent elements 50-1 PICKUP or50N-1 PICKUP is disabled via configurable
dropout times if an inrush pickup occurs, because the occurrencefof an inrush does not constitute an intermit-
tent fault.

These elements can be blocked by the automatic reclosure feature (AR).

The following figure shows by way of an example the logic diagram for the directional overcurrent element 67-1.
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Figure 2-23

The dropout delay does only function if no inrush was detected. An approaching inrush resets an already

rufining dropout time delay.
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OR R
Inrush Rec. [ AI—D_{ 67-1PHAPY >
R C anD =2

C AnD 0 T

I
[1518] 67 T DROP-OUT

[67-1 PH A PU

Figure 2-24 Logic of the dropout delay for 67-1

2.3.4 Inverse Time, Directional Overcurrent Elements 67-TOC, 67N=T0OE

Inverse time elements are dependent on the variant ordered. They operate either accordingyto the IEC- or the
ANSI-standard or to a user-defined characteristic. The characteristics and associated formulas are identical
with those of the non-directional overcurrent protection and are given in the TechnicahPata. When the inverse
time curves are configured, the definite time relay elements (67-2, 67-1) are alsoyavailable.

Pickup Behavior

For each element an individual pickup value 67-TOC PICKUP or 67N+TOC PICKUP is set, which can be mea-
sured as Fundamental or True RMS. Each phase and ground Cufrent is,separately compared with the
common pickup value 67-TOC PICKUP or 67N-TOC PICKUP of each element. When a current value exceeds
the corresponding setting value by a factor of 1.1, the correspendifgiphase picks up and a message is signaled
phase-selectively assuming that the fault direction is equalié theldirection configured. If the inrush restraint
feature is used, either the normal pickup signals or the cofrespending inrush signals are issued as long as
inrush current is detected. If the 67-TOC element picks upythe time delay of the trip signal is calculated using
an integrating measurement scheme. The calculated timédelay is dependent on the actual fault current flowing
and the selected tripping curve. Once the time delay elapses, a trip signal is issued assuming that no inrush
current is detected or inrush restraint is disabled. Ifitheiartsh restraint feature is enabled and an inrush condi-
tion exists, no tripping takes place but a messagg’is recorded and displayed indicating when the overcurrent
element time delay elapses.

For ground current element 67N-TOC the"eharacieristic may be selected independently of the characteristic
used for phase currents.

Pickup values of the67-TOC (phases) and 67N-TOC (ground current) and the associated time multipliers may
be set individually.

Dropout Behavior

When using an IEC or ANSI curve select whether the dropout of an element is to occur instantaneously after
the threshold has beentundershot or whether dropout is to be performed by means of the disk emulation. "In-
stantaneously” me@ns that pickup drops out when the pickup value of approx. 95 % of the set pickup value is
undershot. Fer a new pickup the time counter starts at zero.

The disk @mulatiomyevokes a dropout process (time counter is decrementing) which begins after de-energiza-
tion. This pro€ess gorresponds to the reset of a Ferraris-disk (explaining its denomination "disk emulation"). In
case several faults occur in succession the "history" is taken into consideration due to the inertia of the Ferraris-
disk and the time response is adapted. Reset begins as soon as 90% of the setting value is undershot, in ac-
cordance to the dropout curve of the selected characteristic. In the range between the dropout value (95% of

the pickupyvalue) and 90% of the setting value, the incrementing and the decrementing processes are in idle

State.

Disklemulation offers advantages when the overcurrent relay elements must be coordinated with conventional
electromechanical overcurrent relays located towards the source.
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User-defined Characteristics

When user-defined characteristic are utilized, the tripping curve may be defined point by point. Up to
pairs (current, time) may be entered. The device then approximates the characteristic, using linear inte
tion.

The dropout curve may be user-defined as well. This is advantageous when the overcurrent protecti ust
be coordinated with conventional electromechanical overcurrent relays located towards the source. If no user-
defined dropout curve is required, the element drops out as soon as the measured signal is Iess‘han approx.
95% of the pickup setting. When a new pickup is evoked, the timer starts at zero again.

The following figure shows by way of an example the logic diagram for the 67-TQC r@nent of the direc-
tional inverse time overcurrent protection of the phase currents.

| _67-2 instant. 0
KL i/ 67-1 instant. Q
67-TOC instant.
| Inactive @

[1513] MANUAL CLOSE

| Manual Close

OR

[79AR 67-TOC inst.
| InrushRec.67-TOC
- T T T T T T T T T T
|
| 7561 |
|| [67-TOC PhAPU —(67-TOC InRushPU_ ) |
' [
|
! 2670 I
! —(67-TOC pickedup ) !
' [
I 2675 !
! —(67-TOC TRIP ) |
l :
| [
|
I 2674 |
| (67-TOC Time Out ) i
A '
[ |
e !
! |

79AR 67-TOC blk

2622
[ >BLocK 67-TOC

2669
(67-TOC BLOCKED )

2652
OR ——( 67 BLOCKED )
6510 "
[ >FAlL: BUS vT
? 3
1|FCT 67/67-TOC |
2651
(67/67-TOC OFF )

re 2-25 Logic diagram for the directional overcurrent protection: 67-TOC relay element
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2.3.5

2.3.6

2.3.7

2.3.8

Interaction with Fuse Failure Monitor (FFM)

Spurious tripping can be caused by failure of a measuring voltage due to short-circuit, broken wire in the voltage
transformer's secondary system or pickup of the voltage transformer fuse. Failure of the measuring voltagé®in
one or two poles can be detected, and the directional time overcurrent elements (Dir Phase and Dir Ground)
can be blocked (see logic diagrams). Undervoltage protection, sensitive ground fault detection and synchroni
zation are equally blocked in this case.

Dynamic Cold Load Pickup Function

It may be necessary to dynamically increase the pickup values of the directional time @vercukrent protection if,
at starting, certain elements of the system show an increased power consumption afterfa long period of zero
voltage (e.g. air-conditioning systems, heating installations, motors). Thus, a general raise of pickup thresholds
can be avoided taking into consideration such starting conditions.

This dynamic pickup value changeover is common to all overcurrent elements andiis described in Section 2.4.
The alternative pickup values can be set individually for each element of the directional and non-directional time
overcurrent protection.

Inrush Restraint

The 7SJ62/64 features an integrated inrush restraint function. Tprevents the "normal” pickup of all directional
and non-directional overcurrent relay elements in the phases and ground path, but not the high-set elements.
The same is true for the alternative pickup thresholdsfof the, dynamic cold load pickup function. After detection
of inrush currents above a pickup value, speciakinrush/signals are generated. These signals also initiate fault
annunciations and start the associated trip delay time. If infush conditions are still present after the tripping time
delay has elapsed, a corresponding messagey. 4. TimeOut ") is output, but the overcurrent tripping is blocked
(for further information see "Inrush Restraint in Section 2.2).

Determination of Directiof

The determination of the fault direction for the phase directional element and the ground directional element is
effected independently.

Basically, the direction determination is performed by determining the phase angle between the fault current
and a reference voltage.

Method of Directional Measurement

104

For the phiase direetional element the fault current of the corresponding phase and the unfaulted phase-to-
phase yoltage are used as reference voltage. The unfaulted voltage also allows for an unambiguous direction
determination even if the fault voltage has collapsed entirely (short- line fault). In phase-to-ground voltage con-
nections the phase-to-phase voltages are calculated. In a connection of two phase-to-phase voltages and V,
the third phase-to-phase voltage is also calculated.

With three-phase short-line faults, stored voltage values are used to clearly determine the direction if the mea-
surement voltages are not sufficient. After expiry of the storage time period (2 s), the detected direction is
saved, as long as no sufficient measuring voltage is available. When closing onto a fault, if no stored voltage
values exist in the buffer, the relay element will trip. In all other cases the voltage magnitude will be sufficient
for determining the direction.

For each directional ground element there are two possibilities of direction determination:
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Direction Determination with Zero-sequence System or Ground Quantities

For the directional ground fault elements, direction can be determined by comparing the zero-sequencegystem
quantities. In the current path, the I current is valid, when the transformer neutral current is connected to the
device. Otherwise the device calculates the ground current from the sum of the three phase currents. In‘the
voltage path, the displacement voltage V) is used as reference voltage, if it is connected. Otherwiseg,the device
calculates as reference voltage the zero-sequence voltage 3 - V,, from the sum of the three phase voltages. If
the magnitude of V, or 3 - V, is not sufficient to determine direction, the direction is undefined. Then the direc-
tional ground elements will not initiate a trip signal. If the current |, cannot be determined, e.g. béeause only
two current transformers are utilized or the current transformers are connected in an gpen delta configuration,
then the directional ground elements will not be able to function. The latter is only,permittéd in ungrounded sys-
tems.

Direction Determination with Negative Sequence System

Here, the negative sequence current and as reference voltage the negative sequence voltage are used for the
direction determination. This is advantageous if the zero sequence is influeneedVvia a parallel line or if the zero
voltage becomes very small due to unfavorable zero impedances. The negatiyve sequence system is calculated
from the individual voltages and currents. As with the use of the zero'seguence values, a direction determina-
tion is carried out if the values necessary for the direction determination have exceeded a minimum threshold.
Otherwise the direction is undetermined.

Cross-Polarized Reference Voltages for Direction Determination

The direction of a phase-directional element is detected by means of a cross-polarized voltage. In a phase-to-
ground fault, the cross-polarized voltage (referenge voltage) is 90° out of phase with the fault voltages (see
Figure 2-26). With phase-to-phase faults, the angle between the cross-polarized voltages (reference voltages)
and the fault voltages can be between 90° (remaote fault) and 60° (local fault) depending on the degree of col-
lapse of the fault voltages.

VA

VC ol VB

a)Phasefto Ground Fault (A-G) b) Phase to Phase Fault (B-C)

Figure 2-26 Cross-polarized voltages for direction determination

The phase carrying the highest current is selected for the direction decision. With equal current levels, the
phase with the smaller number is chosen (1, before 15 before I¢). The following table shows the allocation of
measured values for the determination of fault direction for various types of pickups for the phase element.
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Table 2-7 Voltage and Current Values for the Determination of Fault Direction in a Phase Element
Pickup Selected current Allocated voltage

A In Vg - Ve

B I Ve -V,

C I V- Vg

A, B with 1>l Ia Vg - Ve

A, B with 1,=Ig I Vg - Ve P

A, B with I ,<Ig Ig Ve -V,

B, C with Ig>I¢ Ig Ve -Va

B, C with Ig=I¢ lg Ve -V,

B, C with Ig<l¢ I V- Vg

C, A with 1c>1, I V, - Vg

C, A with 1=l Ia Vg -V,

C, A with I <l In Vg -

A, B, C with 1,>(Ig, 1) Ia V= Ve

A, B, Cwith Ig>(l,, 1) I

A, B, Cwith 1>(1,, Ig) I

Direction Determination of Directional Phase Elements

As already mentioned, the direction determination is perfo& etermining the phase angle between the

fault current and the reference voltage. In order to satisfy diffe etwork conditions and applications, the ref-
erence voltage can be rotated by an adjustable angle. In way, the vector of the rotated reference voltage
can be closely adjusted to the vector of the fault cur rder to provide the best possible result for the di-

ence voltage, in this case Vg for the directi ase element A, is rotated by the setting value 1519
ROTATION ANGLE, positively counter-clN this case, a rotation by +45°.

D ...
$

+@rot

rection determination. Figure 2-27 clearly sho e ship for the directional phase element based on a
single-pole ground fault in Phase A. The fa t 15ca TOllows the fault voltage by fault angle ¢g.. The refer-
s

L 4

N Forward
N\

AN
AN

Reverse

(OF]

IscA
N VscA
AN

|
VBC = Vref

;

-@rot

Ve VB
N\ vBC
L 4 N \
¢@rot = 1619 ROTATION ANGLE N
igure 2-27 Rotation of the reference voltage, directional phase element
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The rotated reference voltage defines the forward and reverse area, see Figure 2-28. The forward area i

area, the direction result is undefined.

Vref,rot
\ Forward

Reverse
+@rot

Vref
N
N
¢rot = 1519 ROTATION ANGLE AN
N
N\
\
Figure 2-28  Forward characteristic of the directi , directional phase element

Direction Determination of Directional Ground Element %d Values

pltage for the directional ground element, also based on a
directional phase elements, which work with the unfaulted
Is the reference voltage for the directional ground element.
Depending on the connection of the V je transformer, this is the voltage 3V, (as shown in Figure 2-29) or
80° to the fault current I, and follows the fault voltage 3V, by
ted through the setting value 1619 ROTATION ANGLE. In this case,

single-pole ground fault in Phase A. Con

fault angle o4 The reference voltage,is
a rotation of -45°.

O
\. Reverse

orot = 1619 ROTATION ANGLE

AN
AN
Forward \\®A ¢sc IscA
\ AVB
\ R
N
N
~ ve N\
IN =310 3V0 = Vref \\
¢ N

Figure 2-29  Rotation of the reference voltage, directional ground element with zero sequence values

The forward area is also a range of +86° around the rotated reference voltage V ¢ . If the vector of the fault
current -3l (or ) is in this area, the device detects forward direction.
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Direction Determination of Directional Ground Element with Negative Sequence Values

Figure 2-30 shows the treatment of the reference voltage for the directional ground element using the negative
sequence values based on a single-pole ground fault in Phase A. As reference voltage, the negative sequence
system voltage is used, as current for the direction determination, the negative sequence system current{'in
which the fault current is displayed. The fault current -3l is in phase oposition to the fault current I, and
follows the voltage 3V, by the fault angle ¢.. The reference voltage is rotated through the setting value 1619
ROTATION ANGLE. In this case, a rotation of -45°.

AN N Reverse @rot = 1619 ROTATION ANGLE
AN
Forward IscA
Avc
Vref,rot
VB
-312 N\
3V2 = Vref
AN
\

Figure 2-30 Rotation of the reference voltage, directional ground element with negative sequence values

The forward area is a range of £86° around the*fatated reference voltage V., . If the vector of the negative
sequence system current -3, is in this areafthe device detects forward direction.

2.3.9 Reverse Interlocking for Do@ible,End Fed Lines

Application Example

The directionality feature of thefdireetional overcurrent protection enables the user to perform reverse interlock-
ing also on double end fed lines,using relay element 67-1. It is designed to selectively isolate a faulty line
section (e.g. sections of ringsS)in high speed, i.e. no long graded times will slow down the process. This scheme
is feasible when the distance between protective relays is not too great and when pilot wires are available for
signal transfer via an auxiliary voltage loop.

For each line, a separatetdata transfer path is required to facilitate signal transmission in each direction. When
implemented ima cl@sedscircuit connection, disturbances in the communication line are detected and signalled
with time delay. The,local system requires a local interlocking bus wire similar to the one described in Subsec-
tion "Reversginterlocking Bus Protection” for the directional overcurrent protection (Section 2.2).

During a line¥fadlt, the device that detects faults in forward (line) direction using the directional relay element
67-1 will block one of the non-directional overcurrent elements (50-1, 50-TOC) of devices in the reverse direc-
tion (at the same busbar) since they should not trip (Figure 2-31). In addition, a message is generated regarding
the fault direction. "Forward" messages are issued when the current threshold of the directional relay element
67:1 is exceeded and directional determination is done. Subsequently, "forward" messages are transmitted to
thetdevice located in reverse direction.
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During a busbar fault, the device that detects faults in reverse (busbar) direction using the directional rel
element 67-1 will block one of the non-directional overcurrent elements (50-1, 50-TOC) of devices at the,@
site end of the same feeder. In addition, a "Reverse" message is generated and transmitted via the a

voltage loop to the relay located at the opposite end of the line. O

I

T
|
5

78J 78J 784 78 78J 78J 4
50-1 50-1 |&— » 50-1 50-1 50-1 50-1
— >< — ) : — >< — >< — ><
-« — -« —> -«
78
e 50-1 Blocking
Non-Directional
1 | | § Element
78
< 50-1 <«— | Directional
> Element

Figure 2-31  Reverse interlocking using directional’ele ts

The directional overcurrent element providin xne grading operates as selective backup protection.

The following figure shows the logic di o] generation of fault direction signals.
- = 2628
Threshold Exceeding O/C Forward (Phase A forward )

stage 67-1 Phase A { Phase B forward )
Threshold Exceeding O/C inati b
9 ir determination | | | ("Phase C forward )
stage 67-1 Phase B hase A
Threshold Exceeding©/C Reverse /éﬁgge Areverse )
stage 67-1 Phase C \(
(Phase Breverse )

\ | (Phase Creverse )
2635

- o o Forward (Ground forward )
Direction determination 2630

Ground Reverse ( Ground reverse )

Threshold Exce
stage 67N-1

ic diagram for the generation of fault direction signals
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2.3.10

General

Setting Notes

When selecting the directional time overcurrent protection in DIGSI, a dialog box appears with several tabs for
setting the associated parameters. Depending on the functional scope specified during configuration of the pre#
tective functions in addresses 115 67/67-TOC and 116 67N/67N-TOC, the number of tabs can vary.

If 67/67-TOC or 67N/67N-TOC = Definite Time is selected, then only the settings for the definite time
elements are available. If TOC IEC or TOC ANSI is selected, the inverse characteristics aregalso_available.
The superimposed directional elements 67-2 and 67-1 or 67N-2 and 67N-1 apply in alldhese,eases.

At address 1501 FCT 67/67-TOC, directional phase overcurrent protection may be switched,ON or OFF.

Pickup values, time delays, and characteristic are set separately for phase protectionjand ground protection.
Because of this, relay coordination for ground faults is independent of relay coordinationer phase faults, and
more sensitive settings can often be applied to directional ground protection. Thus, at address 1601 FCT
67N/67N-TOC, directional ground time overcurrent protection may be switched,ON‘@wOFF independent of the
directional phase time overcurrent protection.

Depending on the parameter 613 50N/51N/67N w., the device can eithepgperate using measured values I
or the quantities 3l calculated from the three phase currents. Devjees featuringa sensitive ground current input
generally use the calculated quantity 3l,.

The directional orientation of the function is influenced by parameter 201 CT Starpoint (see Chapter 2.1.3).

Measurement Methods

110

The comparison values to be used for the respective elementigan be set in the setting sheets for the elements.
* Measurement of the Fundamental Harmonic_(standard method):

This measurement method processes thefsampled valtes of the current and filters in numerical order the
fundamental harmonic so that the higher harmonics or transient peak currents remain mostly unconsidered.

* Measurement of the True r.m.s. Value

The current amplitude is derived fromftheysampled value in accordance with the definition equation of the
true r.m.s. value. This measurementimgthod should be selected when higher harmonics are to be consid-
ered by the function (e.g. in capacitor pank).

The type of the comparison values can,be set under the following addresses:

67-2 element Address 1520 67-2 MEASUREM.
67-1 element Address 1521 67-1 MEASUREM.
67-TOC element Address 1522 67-TOC MEASUR.
67N-2 element Address 1620 67N-2 MEASUREM.
67N-1 element Address 1621 67N-1 MEASUREM.
67N-TOC element Address 1622 67N-TOC MEASUR.
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Direction Characteristic

The direction characteristic, i.e. the position of the ranges ,forward“ and ,reverse* is set for the phase dirgctional
elements under address 1519 ROTATION ANGLE and for the ground directional element under address 1619
ROTATION ANGLE. The short-circuit angle is generally inductive in a range of 30° to 60°. This mgans that
usually the default settings of +45° for the phase directional elements and -45° for the ground directional
element can be maintained for the adjustment of the reference voltage, as they guarantee a safe direction
result.

Nevertheless, the following contains some setting examples for special applications (Table 2-8). The following
must be observed: With the phase directional elements, the reference voltage (fault-free weltage) for phase-
ground-faults is vertical on the short-circuit voltage. For this reason, the resultingsetting of the angle of rotation
is (see also Section 2.3.8):

Ref. volt. angle of rotation =90 - ¢, Phase directional element (phase-to-earth fault).

With the ground directional element, the reference voltage is the short-circuit voltage itself. The resulting setting
of the angle of rotation is then:

Ref. volt. angle of rotation = -, Directional ground,element (phase-to-earth fault).

It should also be noted for phase directional elements thatfwith phase:to-phase faults, the reference voltage is
rotated between 0° (remote fault) and 30° (close-up fault) dependingon the collapse of the faulty voltage. This
can be taken into account with a mean value of 15°:

Ref. volt. angle of rotation =90 - ¢, -15° Phase,directional element (phase-to-phase fault).

Table 2-8 Setting examples
Application Psc Setting Setting
typical . . . .
Directional Phase Directional Ground
Element Element
1519 ROTATION 1619 ROTATION
ANGLE ANGLE
Overhead Line 60° Range 30°..0.0° —60°
— 15°
—>
1) | SIPROTEC é
—>
J Gable Line 30 Range 60°...30 -30
— 45°
1)1 SIPRQTEC %
—»
Transformer Infeed SIPROTEC 3 Range 60'...30° 3
BL < — 45
3¢ 2)
1) _3f
32 é SIPROTEC
4_
1 Power flow direction
2) With the assumption that these are cable lines
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Before Version V4.60, the direction characteristic could only be set in three discrete positions. The settings that
correspond with the old parameters 1515 and 1615 are specified as follows.

Up to V4.60 As of V4.60
Addr. 1515/ 1615 Directional Phase Elements Address | Directional Phase Elements Address
1519 1619
Inductive (135°)V 45°D) —45°D)
Resistive (90°) 90° 0°
Capacitive (45°) 135° 45°

1) Default Setting

Directional Orientation

The directional orientation can be changed for the directional phase elements Uader address 1516 67
Direction and for the directional ground element under address 1616 67N=Direcetion. Directional over-
current protection normally operates in the direction of the protected object(line, transformer, etc.). If the pro-
tection device is properly connected in accordance with one of the circuitsdiagrams in Appendix A.3, this is the
Lforward" direction.

Note

When the 67-1 element or the 67N-1 element picks up, the phase-speeific directional messages ,forward” or,,
reverse” are generated (messages 2628 to 2636).

Pickup of the 67-2 element, 67N-2 element and 67-TOC%lement’is done in the set direction range without di-
rection message.

Quantity Selection for Direction Determination fofithe Directional Ground Element

Parameter 1617 67N POLARIZAT. cangbe setito specify whether direction determination is accomplished
from the zero sequence quantities or ground quantities with VN and IN) or from the negative sequence
quantities with V2 and I2). Thedirst option is the preferential setting, the latter is to be selected in case of
danger that the zero voltage be toosmall'due to unfavourable zero impedance or that a parallel line influences
the zero system.

67-2 Directional High-set Element (phases)

The pickup and delay of element 67-2 are set at addresses 1502 and 1503. For setting, the same consider-
ations apply as did for thie,non-directional time overcurrent protection in Section 2.2.11.

The selected,timelis Only an additional time delay and does not include the operating time (measuring time,
dropout time). The delay can be set to «. After pickup the element will then not trip. Pickup, however, will be
signaled{If they67-2%lement is not required at all, the pickup value 67-2 PICKUP should be set to «. For this
setting;theré'is neither a pickup signal generated nor a trip.

67N-2 Directional High-set Element (Ground)

112

The pickup and delay of element 67N-2 are set at addresses 1602 and 1603. The same considerations apply
fopthese settings as did for phase currents discussed earlier.

The selected time is only an additional time delay and does not include the operating time (measuring time,
dropout time). The delay can be set to «. After pickup the element will then not trip. Pickup, however, will be
signaled. If the 67N-2 element is not required at all, then the pickup value 67N-2 PICKUP should be set to .
This setting prevents from tripping and the generation of a pickup message.
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67-1 Directional Overcurrent Element (phases)

The pickup value of the 67-1 element (67-1 PICKUP) address1504 should be set above the maximum antic-
ipated load current. Pickup due to overload should never occur since in this mode the device operates as fault
protection with correspondingly short tripping times and not as overload protection. For this reasoft, lines‘are

set to approx. 20% above the maximum expected (over)load and transformers and motors to approx. 40%.

If the relay is used to protect transformers or motors with large inrush currents, the inrush restraint feature of
7SJ62/64 may be used for the 67-1 relay element (for more information see margin heading "Inrush Restraint").

The delay for directional elements (address 1505 67-1 DELAY) is usually set shortegthan the delay for non-
directional elements (address 1205) since the non-directional elements overlapgthe dire€tional elements as
backup protection. It should be based on the system coordination requirements foridirectional tripping.

For parallel transformers supplied from a single source (see "Applications"), the delay of elements 67 -1
DELAY located on the load side of the transformers may be set to 0 without proveking negative impacts on se-
lectivity.

The selected time is only an additional time delay and does not include,the‘@perating time (measuring time,
dropout time). The delay can be set to «. After pickup the element will themynot trip. Pickup, however, will be
signaled. If the 67-1 element is not required at all, the pickup value 67=1 PICKUP should be set to «. This

setting prevents from tripping and the generation of a pickup message.

67N-1 Directional Relay Element (ground)
The pickup value of the 67N-1 relay element should,be set below the minimum anticipated ground fault current.

If the relay is used to protect transformers or motofs with,large inrush currents, the inrush restraint feature of
7SJ62/64 may be used for the 67N-1 relay elementyfor more information see margin heading "Inrush Re-
straint").

The delay is set at address 1605 67N 1“DELAY and should be based on system coordination requirements
for directional tripping. For ground cufrents/in a grounded system a separate coordination chart with short time
delays is often used.

The selected time is only an additionaltime delay and does not include the operating time (measuring time,
dropout time). The delay can befset/tayo, After pickup the element will then not trip. Pickup, however, will be
signaled. If the 67N-1 element is'not required at all, the pickup value 67N-1 PICKUP should be set to «. This
setting prevents from tripping andghe generation of a pickup message.

Pickup Stabilization (67/67N Directional)

The pickups can alsolbe stabilized via parameterizable dropout times under address 1518 67 T DROP-0OUT
or 1618 67N T/DROP-OUT.

67-TOC Directional Elemeéntiwith IEC or ANSI Curves (phases)

Haying setaddress 115 67/67-TOC = TOC IEC or TOC ANSI when configuring the protective functions (Sec-
tion 2.101), the parameters for the inverse characteristics will also be available.

If theyrelay’is used to protect transformers or motors with large inrush currents, the inrush restraint feature of
7SJ62/64 may be used for the 67-TOC relay element (for more information see margin heading "Inrush Re-
straint").

If the inverse time trip characteristic is selected, it must be noted that a safety factor of about 1.1 has already
been included between the pickup value and the setting value. This means that a pickup will only occur if a
current of about 1.1 times the setting value is present.

The current value is set in address 1507 67-TOC PICKUP. The setting is mainly determined by the maximum
operating current. Pickup due to overload should never occur, since the device in this operating mode operates
as fault protection with correspondingly short tripping times and not as overload protection.
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The corresponding element time multiplication factor for an IEC characteristic is set at address 1508 67 TIME
DIAL and in address 1509 67 TIME DIAL for an ANSI characteristic. It must be coordinated with the time
grading of the network.

The time multiplier can also be set to . After pickup the element will then not trip. Pickup, however, will e
signaled. If the 67-TOC element is not required at all, address 115 67 /67 -TOC should be set to Definite
Time during protective function configuration (see Section 2.1.1).

If address 115 67/67-TOC = TOC IEC, you can specify the desired IEC—characteristic (Normal Inverse,
Very Inverse, Extremely Inv. or Long Inverse)in address 1511 67- IEC CURVE. If address 115
67/67-TOC =TOC ANSI you can specify the desired ANSI-characteristic (Very Inverse, Inverse, Short
Inverse, Long Inverse, Moderately Inv.,Extremely Inv. orDefinite Inw.)iRaddress 1512
67- ANSI CURVE.

67N-TOC Directional Element with IEC or ANSI Curves (ground)

Having set address 116 67N/67N-TOC = TOC IEC when configuring the protective functions (Section 2.1.1),
the parameters for the inverse characteristics will also be available. Specifydn-address 1611 67N-TOC IEC
the desired IEC characteristic (Normal Inverse,Very Inverse, Extremely ‘Inv. or Long Inverse).
Ifaddress 116 67N/67N-TOC = TOC ANSI, you can specify the desiredANSI|—-characteristic (Very Inverse,
Inverse, Short Inverse,Long Inverse,Moderately Iny.,Extremely Inv. orDefinite Inv.)
in address 1612 67N-TOC ANSI.

If the relay is used to protect transformers or motors with lar@esinrush,currents, the inrush restraint feature of
7SJ62/64 may be used for the 67N-TOC relay element (for more,information see margin heading "Inrush Re-
straint").

If the inverse time trip characteristic is selected, it must bejoted that a safety factor of about 1.1 has already
been included between the pickup value and the settingxalue?67N-TOC PICKUP. This means that a pickup
will only occur if a current of about 1.1 times the settingA/alue is present. If Disk Emulation was selected at
address 1610 67N-TOC DropOut, reset willloccun in aeeordance with the reset curve as for the existing non-
directional time overcurrent protection describeddn Section 2.2.

The current value is set at address 1607 67N-TO0GC) PICKUP. The minimum appearing ground fault current is
most relevant for this setting.

The corresponding element time multiplication factor for an IEC characteristic is set at address 1608 67N-TOC
T-DIAL and in address 1609 67N~TOC T -DIAL for an ANSI characteristic. This has to be coordinated with
the system grading coordination,chatt.for/directional tripping. For ground currents with grounded network, you
can mostly set up a separate grading, coordination chart with shorter delay times.

The time multiplier can als@ be set.to «. After pickup the element will then not trip. Pickup, however, will be
signaled. If the 67N-TOCselementiis not required at all, address 116 67N/67N-TOC should be setto Definite
Time during protectivelfunction configuration (see Section 2.1.1).

User-defined characteristic (Inverse Time Phases and ground)

114

If addressi115,0r 14,6 were setto User Defined PUor User def. Reset during configuration of the user-
defined(Characteristic option, a maximum of 20 value pairs (current and time) may be entered at address 1530
67 or 1630, M.of PU TD. This option allows point-by-point entry of any desired curve.

If address 115 or 116 were setto User def. Reset during configuration, additional value pairs (current and
reset time) may be entered in address 1531 MofPU Res T/Tp or 1631 I/IEp Rf T/TEp to represent the
reset curve.

Entey of the value pair (current and time) is a multiple of the settings of the values of the addresses 1507 67 -
TOC PICKUP or 1607 67N-TOC PICKUP and 1508 67 TIME DIAL or 1608. 67N-TOC T-DIAL. Therefore,
itis recommended that parameter values are initially set to 1.00 for simplicity. Once the curve is entered, the

settings at addresses 1507 and 1607 or/and 1508 and 1608 may be modified later on if necessary.
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The default setting of current values is «. They are, therefore, not enabled — and no pickup or tripping of these
protective functions will occur.

The following must be observed:

» The value pairs should be entered in increasing sequence. If desired, fewer than 20 pairs may/be entered.
In most cases, about 10 pairs is sufficient to define the characteristic accurately. A value pair which will not
be used has to be made invalid entering " for the threshold! The user must ensure the value pairs produce
a clear and constant characteristic.

The current values entered should be those from following Table, along with the matching times. Deviating
values MofPU (multiples of PU value) are rounded. This, however, will not be indicateds

Current flows less than the smallest current value entered will not lead to an extension_ef the tripping time.
The pickup curve (see Figure 2-17, right side) goes parallel to the current axispup te,the smallest current
point.

Current flows greater than the highest current value entered will not leadte,a redtiction of the tripping time.
The pickup characteristic (see Figure 2-17, right side) goes parallel tgithe cufrent axis, beginning with the
greatest current point.

Table 2-9 Preferential values of standardized currents for user-defined tripping curves

MofPU =110 1.94 MofPU =2to 4.75 MofRU & 5/te 7.75 MofPU =8to 20
1,00 1,50 2,00 3,50 5,00 6,50 8,00 15,00
1,06 1,56 2,25 3,75 5,25 6,75 9,00 16,00
1,13 1,63 2,50 4,00 5,50 7,00 10,00 17,00
1,19 1,69 2,75 4,25 5,75 7,25 11,00 18,00
1,25 1,75 3,00 4,50 6,00 7,50 12,00 19,00
1,31 181 3,25 4,75 6,25 7,75 13,00 20,00
1,38 1,88 14,00
1,44 1,94

The value pairs are entered at addressy1 533MofPU Res T/Tp to recreate the reset curve. The following must
be observed:

» The current values entered should bethose from Table 2-9, along with the matching times. Deviating values
I/Ip are rounded. This, haWwever, ‘Will not be indicated.

Current flows greatér thanithe highest current value entered will not lead to a prolongation of the reset time.
The reset curve (seefFigure 2-17, left side) is parallel to the current axis, beginning with the largest current
point.

Current flows whichyare less than the smallest current value entered will not lead to a reduction of the reset

time. The resét curye (see Figure 2-17, left side) is parallel to the current axis, beginning with the smallest
current point.

Table2;10 Preferential values of standardized currents for user-defined dropout curves
MofRU =%,to 0.86 MofPU =0.84 to 0.67 MofPU = 0.66 to 0.38 MofPU = 0.34 to 0.00

1,00 0,93 0,84 0,75 0,66 0,53 0,34 0,16

0,99 0,92 0,83 0,73 0,64 0,50 0,31 0,13

0,98 0,91 0,81 0,72 0,63 0,47 0,28 0,09

0,97 0,90 0,80 0,70 0,61 0,44 0,25 0,06

0,96 0,89 0,78 0,69 0,59 0,41 022 0,03

0.95 0,88 0,77 0,67 0,56 0,38 0,19 0,00

0,94 0,86
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T/Tp

Largest Current Point
Smallest Current Point

Tripping

Smallest Current Point Largest Current Point

I

I

| »
09 1.0 11 20.0 MofPU

Figure 2-33 Using a user-defined curve

Inrush Restraint

When applying the protection device to transformers where highdhkush currents are to be expected, the
75J62/64 can make use of an inrush restraint function for the directional overcurrent elements 67-1, 67-TOC,
67N-1 and 67N-TOC as well as the non-directional overcurrefitelements. The inrush restraint option is enabled
or disabled in 2201 INRUSH REST. (in the settings option nonadirectional time overcurrent protection). The
characteristic values of the inrush restraint are already listed'in the'Section discussing the non-directional time
overcurrent (Section 2.2.11).

Manual Close Mode (phases, ground)

When a circuit breaker is closed onto a faulted line; a high speed trip by the circuit breaker is often desired. For
overcurrent or high-set element the delaygmayibé bypassed via a Manual Close pulse, thus resulting in instan-
taneous tripping. This pulse is prolonged by“at least 300 ms. To enable the device to react properly on occur-
rence of a fault in the phase elements aftéfmanual close, address 1513 MANUAL CLOSE has to be set accord-
ingly. Accordingly, address 1613 MANUAL /CLOSE is considered for the ground path address. Thus, the user
determines for both elements, the ph@se and‘the ground element, what pickup value is active with what delay
when the circuit breaker is closed manually.

External Control Switch

116

If the manual close signakis notifrom the 75J62/64 device, that is, neither sent via the built-in operator interface
nor via a serial port butdirectly from a control acknowledgment switch, this signal must be passed to a
7SJ62/64 binary input, andseonfigured accordingly (,>Manual Close®), so that the element selected for
MANUAL CLOSE can become effective. Inactive means that all elements (phase and ground) operate with
the configureditrip times’even with manual close.
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Internal Control Function

The manual closing information must be allocated via CFC (interlocking task-level) using the CMD_Informatien
block, if the internal control function is used.

IN: Control Device 52 Breaker T

OUT: PowSystData 2 >Manual Close
CF D12 I DEVICE

1 5
IA OFF BO
TA ON BO —,_ sP

I CAT W

Figure 2-34 Example for the generation of a manual close signal using the integnal ceatrol function

Note

For an interaction between the automatic reclosing function (79 AR) and theleontrol function, an extended CFC
logic is necessary. See margin heading ,Close command: Directly of via‘@antrol“ in the Setting Notes of the
automatic reclosing function (Section 2.14.6).

Interaction with Automatic Reclosure Function (phases)

When reclosing occurs, it is desirable to have highlspeediprotection against faults with 67-2. If the fault still
exists after the first reclosing, the elements 67-1 org® 7-2ywill be initiated with graded tripping times, that is, the
67-2 elements will thus be blocked. At address 1514 67-2 active it can be specified whether the 67-2 ele-
ments should be influenced by the status of apfiaternalhor external automatic reclosing device or not. The
settingwith 79 active means that the 67-2 glements are only released if the automatic reclosing function
is not blocked. If this is not desired, thefsetting always is selected so that the 67-2 elements are always active
as configured.

The integrated automatic reclosing functiomof 7SJ62/64 also provides the option to individually determine for
each time overcurrent element whether iastantaneous tripping, i.e. normal time delayed tripping unaffected by
the automatic reclosing, or blocking/shait take place (see Section 2.14).

Interaction with Automatic Reclosing‘kRunction (ground)

When reclosing occurg; it is desirable to have high speed protection against faults with 67N-2. If the fault still
exists after the firstis@closing, the elements 67N-1 or 67N-TOC must operate with graded tripping times, i.e. the
67N-2 elements will beyblecked. At parameter 1614 67N-2 active it can be specified whether the 67N-2
elements should be influenced by the status of an internal or external automatic reclosing device or not. The
settingwith_79%actdve means that the 67N-2 elements are only released if the automatic reclosing function
is not blocked. dfthis is not desired, the setting always is selected so that the 67N-2 elements are always active
as configured.

The integrated automatic reclosing function of 7SJ62/64 also provides the option to individually determine for
eachitime @vercurrent element whether instantaneous tripping, i.e. normal time delayed tripping unaffected by
the automatic reclosing, or blocking shall take place (see Section 2.14).
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2.3.11 Settings
Addresses which have an appended "A" can only be changed with DIGSI, under "Display Additional Setting
The table indicates region-specific default settings. Column C (configuration) indicates the corresponding sec
ondary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting Comments
1501 FCT 67/67-TOC OFF OFF 67, 67-TOC.,Phase Time
ON Overcurr
1502 67-2 PICKUP 1A 0.10..35.00 A; 2.00 A 67-2 P
5A 0.50..175.00 A; 10.00 A
1503 67-2 DELAY 0.00 .. 60.00 sec; « 0.10 sec Delay
1504 67-1 PICKUP 1A 0.10..35.00 A; 1.00 A ickup
5A 0.50..175.00 A; 5.00 A
1505 67-1 DELAY 0.00 .. 60.00 sec; «© 67-1Time Delay
1507 67-TOC PICKUP 1A 0.10..4.00 A 67-TOC Pickup
5A 0.50..20.00 A
1508 67 TIME DIAL 0.05 .. 3.20 sec; » 67-TOC Time Dial
1509 67 TIME DIAL 0.50..15.00 ; « 67-TOC Time Dial
1510 67-TOC Drop-out Instantaneous Drop-Out Characteristic
Disk Emulation
1511 67- IEC CURVE Normal Invers IEC Curve
Very Invers
Extremely
Long Inv
1512 67- ANSI CURVE Very Invi Very Inverse ANSI Curve
Invers
Sho
Long Inv
ately Inv.
mely Inv.
efinite Inv.
1513A MANUAL CLOSE instant. 67-2 instant. Manual Close Mode
-1 instant.
67-TOC instant.
Inactive
1514A 67-2 active with 79 active always 67-2 active
always
1516 67 Dir Forward Forward Phase Direction
Reverse
1518A | 67 T DROP-OUT 0.00 .. 60.00 sec 0.00 sec 67 Drop-Out Time Delay
1519A | ROTATION ANGLE -180 .. 180 ° 45° Rotation Angle of Refer-
ence Voltage
1520A EASUREM. Fundamental Fundamental 67-2 measurement of
True RMS
1 67-1 MEASUREM. Fundamental Fundamental 67-1 measurement of
True RMS
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Addr. Parameter C Setting Options Default Setting Comments
1522A 67-TOC MEASUR. Fundamental Fundamental 67-TOC measuremeént of:
True RMS
1530 67 1.00 .. 20.00 I/1p; 67
0.01..999.00 TD
1531 MofPU Res T/Tp 0.05..0.95 l/lp; © Multiple of Pickup <-> T/Tp
0.01..999.00 TD
1601 FCT 67N/67N-TOC OFF OFF 67N, 67N-TOC Ground
ON TimefOvercurrent
1602 67N-2 PICKUP 1A 0.05..35.00 A; = 0.50 A 67N=2 Pickup
B5A 0.25..175.00 A; © 250 A
1603 67N-2 DELAY 0.00 .. 60.00 sec; © 0.10 sec 67N-2 Time Delay
1604 67N-1 PICKUP 1A 0.05..35.00 A; © 0.20 A 67N-1 Pickup
5A 0.25..175.00 A; © 1.00 A
1605 67N-1 DELAY 0.00 .. 60.00 sec; « 0.50see 67N-1 Time Delay
1607 67N-TOC PICKUP 1A 0.05..4.00 A 0.20(A 67N-TOC Pickup
5A 0.25..20.00 A 1.000A
1608 67N-TOC T-DIAL 0.05.. 3.20 sec; o 0120 sec 67N-TOC Time Dial
1609 67N-TOC T-DIAL 0.50..15.00 ; o 5.00 67N-TOC Time Dial
1610 67N-TOC DropOut Instantaneous Disk Emulation Drop-Out Characteristic
Disk Emulatign
1611 67N-TOC IEC Normalfinverse Normal Inverse IEC Curve
Verydnverse
Extremely Inv.
Longulnverse
1612 67N-TOC ANSI Yery lnverse Very Inverse ANSI Curve
Inverse
ShoertfInverse
Long Inverse
Moderately Inv.
Extremely Inv.
Definite Inv.
1613A MANUAL CLOSE 67N-2 instant. 67N-2 instant. Manual Close Mode
67N-1 instant.
67N-TOC instant
Inactive
1614A | 67N#2 active always always 67N-2 active
with 79 active
1616 67N/Direction Forward Forward Ground Direction
Reverse
1617 67N POLARIZAT. with VN and IN with VN and IN Ground Polarization
with V2 and 12
1618A, | 67N T DROP-OUT 0.00 .. 60.00 sec 0.00 sec 67N Drop-Out Time Delay
1619A ROTATION ANGLE -180..180° -45 ° Rotation Angle of Refer-
ence Voltage
1620A 67N-2 MEASUREM. Fundamental Fundamental 67N-2 measurement of
True RMS
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Addr. Parameter C Setting Options Default Setting Comments

1621A 67N-1 MEASUREM. Fundamental Fundamental 67N-1 measurement of
True RMS

1622A 67N-TOC MEASUR. Fundamental Fundamental 67N-TOC measureme ﬁ’
True RMS

1630 M.of PU TD 1.00 .. 20.00 I/1p; o Multiples of PU Time-
0.01..999.00 TD Dial 'S

1631 I/IEp Rf T/ITEp 0.05 .. 0.95 l/Ip; © 67N TOC
0.01..999.00 TD

2.3.12 Information List ;
No. Information Type of In- C

formation 6
2604 >BLK 67/67-TOC SP
2614 >BLK 67N/67NTOC SP '
2615 >BLOCK 67-2 SP
2616 >BLOCK 67N-2 SP
2621 >BLOCK 67-1 SP
2622 >BLOCK 67-TOC SP
2623 >BLOCK 67N-1 SP
2624 >BLOCK 67N-TOC SP
2628 Phase A forward ouT
2629 Phase B forward ouT
2630 Phase C forward ouT Phase C forward
2632 Phase A reverse ouT ase A reverse
2633 Phase B reverse oy hase B reverse
2634 Phase C reverse Phase C reverse
2635 Ground forward Ground forward
2636 Ground reverse Ground reverse
2637 67-1 BLOCKED T 67-1 is BLOCKED
2642 67-2 picked up 67-2 picked up
2646 67N-2 picked up ouT 67N-2 picked up
2647 67-2 Time Out ouT 67-2 Time Out
2648 67N-2 Time Out ouT 67N-2 Time Out
2649 67-2 TRIP ouT 67-2 TRIP
2651 67/67-T ouT 67/67-TOC switched OFF
2652 67 BL ouT 67/67-TOC is BLOCKED
2653 67 ACTIV ouT 67/67-TOC is ACTIVE
2655 67-2 BLOCKED ouT 67-2 is BLOCKED
2656 67N OFF,, ouT 67N/67N-TOC switched OFF
2657 N BLOCKED ouT 67N/67N-TOC is BLOCKED
2658 CTIVE ouT 67N/67N-TOC is ACTIVE
N-1 BLOCKED ouT 67N-1 is BLOCKED

26 67-1 picked up ouT 67-1 picked up

6 67-1 Time Out ouT 67-1 Time Out

120 SIPROTEC, 7SJ62/64, Manual

C53000-G1140-C207-2, Release date 01.2008



Functions

2.3 Directional Overcurrent Protection 67, 67N

No. Information Type of In- Comments
formation
2665 67-1 TRIP ouT 67-1 TRIP
2668 67N-2 BLOCKED ouT 67N-2 is BLOCKED
2669 67-TOC BLOCKED ouT 67-TOC is BLOCKED
2670 67-TOC pickedup ouT 67-TOC picked up
2674 67-TOC Time Out ouT 67-TOC Time Out .
2675 67-TOC TRIP ouT 67-TOC TRIP
2676 67-TOC DiskPU ouT 67-TOC disk emulation is ACTIVE
2677 67N-TOC BLOCKED ouT 67N-TOC is BLOCKED
2679 67N-2 TRIP ouT 67N-2 TRIP
2681 67N-1 picked up ouT 67N-1 picked up
2682 67N-1 Time Out ouT 67N-1 Time Out
2683 67N-1 TRIP ouT 67N-1 TRIP
2684 67N-TOCPickedup ouT 67N-TOC picked
2685 67N-TOC TimeOut ouT 67N-TOC Time Ou
2686 67N-TOC TRIP ouT
2687 67N-TOC Disk PU ouT
2691 67/67N pickedup ouT
2692 67 A picked up ouT
2693 67 B picked up ouT 6 Phase B picked up
2694 67 C picked up ouT Phase C picked up
2695 67N picked up ouT 7N-TOC picked up
2696 67/67N TRIP OouT 67/67N TRIP
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2.4 Dynamic Cold Load Pickup

With the cold load pickup function, pickup and delay settings of directional and non-directional time overcurrent
protection can be changed over dynamically.

Applications

* It may be necessary to dynamically increase the pickup values if, during starting and for a short timeéhere-
after, certain elements of the system have an increased power consumption after a long pefiod of zero
voltage (e.g. air-conditioning systems, heating installations, motors). Thus a raise ofgickupghresholds can
be avoided by taking into consideration such starting conditions.

» As afurther option the pickup thresholds may be modified by an automatic reclosurg’fupetion‘in accordance
with its ready or not ready state.

Prerequisites
Note:

Dynamic cold load pickup is not be confused with the changeover option ofithe 4 setting groups (A to D). It is
an additional feature.

It is possible to change pickup thresholds and delay times.

24.1 Description

Effect

There are two methods by which the device€an determine if the protected equipment is de-energized:

* Via binary inputs, the device is informegd of the position of the circuit breaker (address 1702 Start
Condition = Breaker Contact).

» As a criterion a set current thresholdds undershot (address 1702 Start Condition =No Current).

If the device determines that the proteeted\eguipment is de-energized via one of the above methods, a time,
CB Open Time, is started and after its expiration the increased thresholds take effect.

In addition, switching betweengparameters can be triggered by two further events:

» by signal "79M Auto Reclosing ready” of the internal automatic reclosure function (address 1702 Start
Condition =79 ready),Thus the protection thresholds and the tripping times can be changed if auto-
matic reclosure is ready for reclosing (see also Section 2.14).

« Irrespective of the setting0f parameter 1702 Start Condition, the release of cold load pickup may
always be sele¢tedivia the binary input ,,>ACTIVATE CLP*.

Figure 2-36shows theslogic diagram for dynamic cold load pickup function.

If it is detected via the auxiliary contact or the current criterion that the system is de-energized, i.e. the circuit
breaker isi@pen, the CB Open Time is started. As soon as it has elapsed, the greater thresholds are enabled.
When the protécted equipment is re-energized (the device receives this information via the binary inputs or
when threshold BkrClosed I MIN is exceeded), a second time delay referred to as the Active Time is
initiated. @nce it elapses, the pickup values of the relay elements return to their normal settings. This time may
be reduced when current values fall below all normal pickup values for a set Stop Time after startup, i.e. after
theicircuit breaker has been closed. The starting condition of the fast reset time is made up of an OR-combi-
mation of the configured dropout conditions of all non-directional overcurrent elements. When Stop Time is
set to « or when binary input ,,>BLK CLP stpTim“ is active, no comparison is made with the "normal" thresh-
olds. The function is inactive and the fast reset time, if applied, is reset.
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Circuit Breaker

2.4 Dynamic Cold Load Pickup

If overcurrent elements are picked up while time Active Time is running, the fault generally prevails u
pickup drops out, using the dynamic settings. Only then the parameters are set back to "normal”.

the result.

If the binary input ,,>BLOCK CLP“ is enabled, all triggered timers are reset and, as a consequence, all "normal”
settings are immediately restored. If blocking occurs during an on-going fault with dynamic cold load pickup
functions enabled, the timers of all non-directional overcurrent relay elements are stopped and r#ay then be
restarted based on their normal duration. Q

During power up of the protective relay with an open circuit breaker, the time dela Time is started,

and is processed using the "normal” settings. Therefore, when the circuit breakéris c d, the "normal" set-
tings are effective.

Figure 2-35 illustrates the timing sequence. Figure 2-36 shows the logic dia the dynamic cold load
pickup feature.

| <

A
Closed
Open L | | .

[1703] CB Open Time | T 1

"CB Open Time" :<—>: ) Open Time"

[1704 ] Active Time |

"Normal"

Setting Active

Cold Load Pickup Time may be

|
I |
[1701]COLDLOAD PICKUP | 4 | —»!  [«—Reduced by
T | " A "
| | "Stop Time
{ OFF i !— >
—LON I b
| P
| P
i |
[1705] Stop Time — |
N i "
"Stop Time" | |<—>: :
l I I Trip, if Increased Power
" ey | [
Normal" Pickup Levels H | r Consumption is Present after
up M 1Y "Active Time"
set = >

Figure 2-35

Increased Power Consumption after long Dead Time

f the dynamic cold load pickup function

‘2)@

L 4
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o m e e e ———————————
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[ >BLK CLP stpTim
1730 1995
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[1701] COLDLOAD PICKUP o OR OR ( CLP running )
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A g;"— (CLP OFF )
L

| 52-a Configured

| 52-b Configured '

Figure 2-36 Logic diagram
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2.4.2 Setting Notes

General

The dynamic cold load pickup function can only be enabled if address 117 Coldload Pickup was sét to
Enabled during configuration of the protective functions. If not required, this function should be setite
Disabled. The function can be turned ON or OFF under address 1701 Coldload Pickup.

Depending on the condition that should initiate the cold load pickup function address 1702 Start“Condition
is set to either No Current, Breaker Contact orto 79 ready. Naturally, the optioWBreaker Contact
can only be selected if the device receives information regarding the switching state ‘ofgthe Circuit breaker via
at least one binary input. The option 79 ready modifies dynamically the pickup threshdlds of the directional
and non-directional time overcurrent protection when the automatic reclosing féattire istready. To initiate the
cold load pickup the automatic reclosing function provides the internal signal "79M Auto Reclosing ready". It is
always active when auto-reclosure is available, activated, unblocked and ready farfa further cycle (see also
margin heading "Controlling Directional/Non-Directional Overcurrent Pratection Elements via Cold Load
Pickup" in Section 2.14.6).

Time Delays

There are no specific procedures on how to set the time delays at addresses 1703 CB Open Time, 1704
Active Time and 1705 Stop Time. These time delays mustbe based on the specific loading characteristics
of the equipment being protected, and should be set4gallew for brief overloads associated with dynamic cold
load conditions.

Non-Directional 50/51 Elements (phases)

The dynamic pickup values and tripping times associated with the time overcurrent protection functions are set
at address block 18 for the phase currénts:

The dynamic pickup and delay settings,fof the high-set elements are set at addresses 1801 50c-2 PICKUP
or 1808 50c-3 PICKUP and 1802%60c-2, DELAY or 1809 50c-3 DELAY respectively; the dynamic pickup
and delay settings for the 67N-1 elementiare set at addresses 1803 50c-1 PICKUP and 1804 50c-1 DELAY
respectively; and the pickup, time multiplier (for IEC curves or user-defined curves), and time dial (for ANSI
curves) settings for the 67N-TOC element are set at addresses 1805 51¢ PICKUP, 1806 51¢ TIME DIAL
and 1807 51c¢ TIME DIAL respéctively.

Non-Directional 50N/51N Elemefits (ground)

The dynamic pickup values and time delays associated with non-directional time overcurrent ground protection
are set at addreSs blogk 19:

The dynamijespiekuprand delay settings for the high-set elements are set at addresses 1901 50Nc-2 PICKUP
or 1908 50N¢~3{PICKUP and 1902 50Nc-2 DELAY or 1909 50Nc-3 DELAY respectively; the dynamic
pickup ahd delay’settings for the 67N-1 element are set at addresses 1903 50Nc-1 PICKUP and 1904 50Nc -
14DELAY respectively; and the pickup, time multiplier (for IEC curves or user-defined curves), and time dial (for
ANSIicurves) settings for the 67N-TOC element are set at addresses 1905 51Nc PICKUP, 1906 51Nc T-
DIALand 1907 51Nc T-DIAL respectively.
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Directional 67/67-TOC Elements (phases)

The dynamic pickup values and time delays associated with directional overcurrent phase protection are set at
address block 20

The dynamic pickup and delay settings for the 67-2 high-set element are set at addresses 2001 67¢-2
PICKUP and 2002 67c-2 DELAY respectively; the dynamic pickup and delay settings for the 67-1 elementiate
set at addresses 2003 67¢-1 PICKUP and 2004 67c-1 DELAY respectively; and the pickup, time multiplier
(for IEC curves or user-defined curves), and time dial (for ANSI curves) settings for the 67-TOC element are
set at addresses 2005 67¢-TOC PICKUP, 2006 67c-TOC T-DIAL, 2007 67c-TOC T-DIAL respectively.

Directional 67/67N Elements (ground)

The dynamic pickup values and time delays associated with directional overcurrent gfoundyprotection are set
at address block 21:

The dynamic pickup and delay settings for the 67N-2 high-set element are set at addresses 2101 67Nc-2
PICKUP and 2102 67Nc-2 DELAY respectively; the dynamic pickup and delay,settings for the 67N-1 element
are set at addresses 2103 67Nc-1 PICKUP and 2104 67Nc-1 DELAY regpectively; and the pickup, time mul-
tiplier (for IEC curves or user-defined curves), and time dial (for ANSI curves) settings for the 67N-TOC element
are set at addresses 2105 67Nc-TOC PICKUP, 2106 67Nc-TOC T-DIAL,2107 67Nc-TOC T-DIAL respec-
tively.

2.4.3  Settings
The table indicates region-specific default settings. ColummC (configuration) indicates the corresponding sec-
ondary nominal current of the current transformer.
Addr. Parameter C Setting/Options Default Setting Comments
1701 COLDLOAD PICKUP OFF OFF Cold-Load-Pickup Func-
ON tion
1702 Start Condition No Current No Current Start Condition
Breaker'Gontact
79 ready
1703 CB Open Time 0,.. 22600 sec 3600 sec Circuit Breaker OPEN
Time
1704 Active Time 1%, 21600 sec 3600 sec Active Time
1705 Stop Time 1'.. 600 sec; « 600 sec Stop Time
1801 50c-2 PICKUP LA 0.10 .. 35.00 A; = 10.00 A 50c-2 Pickup
S5A 0.50..175.00 A; © 50.00 A
1802 50c-2 DELAY 0.00 .. 60.00 sec; «© 0.00 sec 50c-2 Time Delay
1803 50c-1 RIEKUP 1A 0.10.. 35.00 A; © 2.00 A 50c-1 Pickup
5A 0.50..175.00 A; 10.00 A
1804 50c-1 DELAY 0.00 .. 60.00 sec; © 0.30 sec 50c-1 Time Delay
1805 51c PICKUP 1A 0.10..4.00 A 150 A 51c Pickup
5A 0.50..20.00 A 750 A
1806, 51c TIME DIAL 0.05 .. 3.20 sec; 0.50 sec 51c Time dial
180% 51c TIME DIAL 0.50..15.00 ; 5.00 51c Time dial
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Addr. Parameter C Setting Options Default Setting Comments

1808 50c-3 PICKUP 1A 1.00 .. 35.00 A; o A 50c-3 Pickup

5A 5.00..175.00 A; o A
1809 50c-3 DELAY 0.00 .. 60.00 sec; = 0.00 sec 50c-3 Time Delay
1901 50Nc-2 PICKUP 1A 0.05..35.00 A; 7.00 A 50Nc-2 Pickup

5A | 0.25..175.00 A; 35.00 A
1902 50Nc-2 DELAY 0.00 .. 60.00 sec; © 0.00 sec 50Nc-2Time Delay
1903 50Nc-1 PICKUP 1A 0.05..35.00 A; 150 A 50NC-1 Pickup

5A 0.25..175.00 A; © 7.50 A
1904 50Nc-1 DELAY 0.00 .. 60.00 sec; = 0.30 sec 50Nc-1 Time Delay
1905 51Nc PICKUP 1A 0.05..4.00 A 1.00 A 51Nc Pickup

5A 0.25..20.00 A 5.00 A
1906 51Nc T-DIAL 0.05 .. 3.20 sec; «© 0.50 sec 51Nc Time Dial
1907 51Nc T-DIAL 0.50..15.00 ; w0 5.00 51Nc Time Dial
1908 50Nc-3 PICKUP 0.25..35.00 A; © A 50Nc-3 Pickup
1909 50Nc-3 DELAY 0.00 .. 60.00 sec; o« 0200 sec 50Nc-3 Time Delay
2001 67c-2 PICKUP 1A | 0.10..35.00 A; 10.00 A 67c-2 Pickup

5A | 0.50..175.00 A; 50.00 A
2002 67c-2 DELAY 0.00 .. 60.00 sécpeo 0.00 sec 67c-2 Time Delay
2003 67c-1 PICKUP 1A 0.10 .. 3500 A, (o 2.00 A 67c-1 Pickup

5A 0.50£.. 17500 A; « 10.00 A
2004 67c-1 DELAY 0.00y.. 60:00 sec; « 0.30 sec 67c-1 Time Delay
2005 67c-TOC PICKUP 1A 0g10n. 4.00 A 1.50 A 67c Pickup

5A 10.50.,20.00 A 7.50 A
2006 67c-TOC T-DIAL 0.05 .. 3.20 sec; «© 0.50 sec 67c Time Dial
2007 67¢c-TOC T-DIAL 0.50..15.00 ; w 5.00 67c Time Dial
2101 67Nc-2 PICKUP 1A 0.05..35.00 A; © 7.00 A 67Nc-2 Pickup

5A 0.25..175.00 A; © 35.00 A
2102 67Nc-2 DELAY 0.00 .. 60.00 sec; o 0.00 sec 67Nc-2 Time Delay
2103 67Nc-1 PICKUP 1A 0.05 .. 35.00 A; » 1.50 A 67Nc-1 Pickup

5A 0.25..175.00 A; © 7.50 A
2104 67Nc-TDELAY 0.00 .. 60.00 sec; « 0.30 sec 67Nc-1 Time Delay
2105 67NesIOC PICKUP 1A 0.05..4.00 A 1.00 A 67Nc-TOC Pickup

5A 0.25..20.00 A 5.00 A
2106 67Nc-TOC T-DIAL 0.05 .. 3.20 sec; «© 0.50 sec 67Nc-TOC Time Dial
2107 67Nc-TOC T-DIAL 0.50 ..15.00 ; » 5.00 67Nc-TOC Time Dial
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2.4.4 Information List

No. Information Type of In- Comments
formation

1730 >BLOCK CLP SP >BLOCK Cold-Load-Pickup
1731 >BLK CLP stpTim SP >BLOCK Cold-Load-Pickup stop timer
1732 >ACTIVATE CLP SP >ACTIVATE Cold-Load-Pickup ®
1994 CLP OFF ouT Cold-Load-Pickup switched OFF
1995 CLP BLOCKED ouT Cold-Load-Pickup is BLOCKED
1996 CLP running ouT Cold-Load-Pickup is RUNNING
1997 Dyn set. ACTIVE ouT Dynamic settings are ACTIVE
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2.5 Single-Phase Overcurrent Protection

The single-phase overcurrent protection evaluates the current that is measured by the sensitive Iyg-
normal Iy input. Which input is used depends on the device version according to the order numbb

Applications
« Plain ground fault protection at a power transformer; 4

%
>

The single-phase definite time overcurrent ground protection is illustrated, by théxtripping characteristic as
shown in Figure 2-37. The current to be measured is filtered by numeri ithms. Because of the high sen-
sitivity a particularly narrow band filter is used. The current pickup thresho nd tripping times can be set. The
detected current is compared to the pickup value 50 1Ph-1 PI 50 1Ph-2 PICKUP and reported if
this is violated. After expiry of the respective delay time 50 1Ph- LAY or 50 1Ph-2 DELAY, the trip

» Sensitive tank leakage protection.

25.1 Functional Description

The current filter is bypassed if currents are extremel

automatically as soon as the instantaneous value e
PICKUP element by at least factor 2 - V2. K

>

(]

e
O
N

50 1Ph-1 PICKUP 50 1Ph-2 PICKUP
Figure 2-3@ -Sstage characteristic of the single-phase time-overcurrent protection

%

50 1Ph-2 DELAY

50 1Ph-1 DELAY

v
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The following figure shows the logic diagram of the single-phase overcurrent protection function.

[2703]50 1Ph-2 PICKUP
[

! I
! |
' ! 5977
| : 2l o= ' (50 1Ph-2 PU
! 50-2 [
! [
5 I | .
: 2421 [2704]50 1Ph-2 DELAY | !
T |
! I
—
| AND ;
| o T o0 !
! I

5953 596
I >BLK 50 1Ph-2 0 1Ph-2 BLK )
5951 5962
[l >BLK 50 1Ph 50 1Ph BLOCKED )
5963
[2701]50 1Ph ﬂ 50 IPhACTIVE )
5961
| OFF
2o ——(50 1Ph OFF )
_________________________ :f_M_G.a_S.u_ri.% o 5072
: .
i [2706]50 1Ph-1 PICKUP : 50 1Ph TRIP )
! JI o~ ! 5974
! 50 1Ph-1 PU
! ' i N )
! [
! [
! i 5975
! ; (50 1Ph-1 TRIP )
[ [
[ [
5952 ' 5966
[l >BLK 50 1Ph-1 (50 1Ph-1 BLK )
Figure 2-38
L 4
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25.2 High-impedance Ground Fault Unit Protection

Application Examples

In the high-impedance procedure, all CT's operate at the limits of the protected zone parallel on @ common,
relatively high-resistive resistor R whose voltage is measured.

The CTs must be of the same design and feature at least a separate core for high-impedance protection. In
particular, they must have the same transformer ratios and approximately identical knee-point véltage.

With 7SJ62/64, the high-impedance principle is particularly well suited for detecting groun@ifaults in grounded
networks at transformers, generators, motors and shunt reactors.

Figure 2-39 shows an application example for a grounded transformer winding @r agrounded motor/generator.
The right-hand example depicts an ungrounded transformer winding or an ungreufidded motor/generator where
the grounding of the system is assumed somewhere else.

Y Y TAA aYa)
1A A ANA T A
A i aYa)
H e B THTE 5 B
HIaa\ L A
" Ic ZBe
1 1
_:'_
g I-SP DR =

Figure 2-39 Ground fault protectiomaecording to the high-impedance principle

Function of the High-Impedance Principle
The high-impedance principléis explained on the basis of a grounded transformer winding.

No zero sequence currentwilliflow during normal operation, i.e. the starpoint current is Igp = 0 and the phase
currents are 3 15 = 1, £llg + 1g= 0.

In case of an exterpal, ground fault (left in Figure 2-40), whose fault current is supplied via the grounded star-
point, the same e@ffent flows through the transformer starpoint and the phases. The corresponding secondary
currents (all curtent transformers have the same transformation ratio) compensate each other; they are con-
nected in series, ACross resistor R only a small voltage is generated. It originates from the inner resistance of
the transformers and the connecting cables of the transformers. Even if any current transformer experiences a
partial saturatien’ it will become low-ohmic for the period of saturation and creates a low-ohmic shunt to the
high-ohmic fesistor R. Thus, the high resistance of the resistor also has a stabilizing effect (the so-called resis-
tancefstabilization).
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AN AN
— AL A T AL A
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Figure 2-40 Principle of ground fault protection according to the high-impedance principle

When a ground fault occurs in the protected zone (Fig. 2-40 right), there is always ‘astarpoint current Igp. The
grounding conditions in the rest of the network determine how strong a zerg Sequence current from the system
is. A secondary current which is equal to the total fault current tries to pass threugh the resistor R. Since the
latter is high-resistive, a high voltage emerges immediately. Therefore /the/current transformers get saturated.
The RMS voltage across the resistor approximately corresponds¢eythe’knee-point voltage of the current trans-
formers.

Resistance R is dimensioned such that, even with the very lowestiground fault current to be detected, it gen-
erates a secondary voltage, which is equal to half the saturatién voltage of current transformers (see also notes
on "Dimensioning" in Subsection 2.5.4).

High-impedance Protection with 7SJ62/64

With 7SJ62/64 the sensitive measurement input I e or altérnatively the insensitive measurement input I is
used for high-impedance protection. As thisisya current input, the protection detects current through the resistor
instead of the voltage across the resistor Ry

Figure 2-41 illustrates the connection schiéme. The protection device is connected in series to resistor R and
measures its current.

Varistor B limits the voltage when internal faults occur. High voltage peaks emerging with transformer saturation
are cut by the varistor. At the Sametime 4voltage is smoothed without reduction of the mean value.

3
— YN .J/T%\L A
| “-——
| kbl B o B
—rrm Rz c
AEIC
L
e ;
Tg I-SP ELB R {IN/INs SIPROTEC |
— ! ,

Figure 2-41 Connection diagram of the ground fault differential protection according to the
high-impedance principle
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For protection against overvoltages it is also important that the device is directly connected to the groun
side of the current transformers so that the high voltage at the resistor can be kept away from the device

For generators, motors and shunt reactors high-impedance protection can be used analogously. All
transformers at the overvoltage side, the undervoltage side and the current transformer at the st in
to be connected in parallel when using auto-transformers.

In principle, this procedure can be applied to every protected object. When applied as busbar protection, for
example, the device is connected to the parallel connection of all feeder current transformers vi%the resistor.

2.5.3  Tank Leakage Protection \%
Application Example @

The tank leakage protection has the task to detect ground leakage — e hi hmic — between a phase
and the frame of a power transformer. The tank must be isolated fro conductor links the tank to
ground, and the current through this conductor is fed to a current in elay. When tank leakage occurs,

iININs  SIPROTEC !
|

—— e\
Figure 2-42 b& tank-leakage protection

Q>®
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2.5.4  Setting Notes

General
Single-phase time overcurrent protection can be set ON or OFF at address 2701 50 1Ph.

The settings are based on the particular application. The setting ranges depend on whether the current mea-
suring input is a sensitive or a normal input transformer (see also ,Ordering Information* in Appendix A.1).

In case of a normal input transformer, set the pickup value for 50 1Ph-2 PICKUP in address 2702, the pickup
value for 50 1Ph-1 PICKUP in address 2705. If only one element is required, set the onefnots€guired to oo.

In case of a sensitive input transformer, set the pickup value for 50 1Ph-2 PICKUP in addres$®2703, the
pickup value for 50 1Ph-1 PICKUP in address 27086. If only one element is required, Setthe one not required
10 oo.

If you need a tripping time delay for the50-2 elements,set it in address 2704 50 1Ph&2 DELAY, for the 50-1
element in address 2707 50 1Ph-1 DELAY. With setting O s no delay takes place.

The selected times are additional time delays and do not include the operating time (measuring time, etc.) of
the elements. The delay can also be set to «; the corresponding elementwill then not trip after pickup, but the
pickup is reported.

Special notes are given in the following for the use as high-impedancgunitiprotection and tank leakage protec-
tion.

Application as High-impedance Protection

The application as high-impedance protection requires thatstarpoint current detection is possible in the system
in addition to phase current detection (see example ig'Figuke 2-41). Furthermore, a sensitive input transformer
must be available at device input I/lys. In this gcase, 'only the pickup value for single-phase overcurrent protec-
tion is set at the 7SJ62/64 device for the cunrent atinputty/Iys.

The entire function of high-impedance pretectiofiis, however, dependent on the interaction of current trans-
former characteristics, external resistor R andivoltage across R. The following section gives information on this
topic.

Current Transformer Data for High-impedange Prdtection

All current transformers must haveyan identical transformation ratio and nearly equal knee-point voltage. This
is usually the case if they, are®of equaldesign and identical rated data. The knee-point voltage can be approx-
imately calculated from the'rated'data of a CT as follows:

Vkpv = (RI_ PNon;J - Inom
Nom
Vipy Kneegpointioltage
R, Internal burden of the CT
Pnom 4NOmMinal power of the CT
Inom  Secondary nominal current of CT
ALF Rated accuracy limit factor of the CT

The nomipal current, nominal power and accuracy limit factor are normally stated on the rating plate of the
current transformer, e.g.

Current transformer 800/5; 5P10; 30 VA
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That means

Inom =5 A (from 800/5)

ALF =10 (from 5P10) O
Prom =30 VA

The internal burden is often stated in the test report of the current transformer. If not, it can be derived from a
DC measurement on the secondary winding.

Calculation Example:

CT 800/5; 5P10; 30 VA with R; = 0.3 Q

4
; \g
Vipy = (R,—I “‘"g] N Iyom— (03 Q+f::;;) 10-5A-75V @
Nom 0

or

CT 800/1; 5P10; 30 VAwith R; =5 Q

30 VA

Pxn
V [R— OmJ-n~| -5 Q+ -10-1A =35
KPV 2 Nom ( (1ﬂ)2)

Nom
Besides the CT data, the resistance of the longest connecti between the CTs and the 7SJ62/64 device
must be known.

Stability with High-impedance Protection
The stability condition is based on the followi i ied assumption: If there is an external fault, one of the
ce,

current transformers gets totally saturated. T nes will continue transmitting their (partial) currents. In
theory, this is the most unfavorable ¢ ractice, it is also the saturated transformer which supplies
current, an automatic safety margin nteed.

Figure 2-43 shows a simplified equ cuit. CT1 and CT2 are assumed as ideal transformers with their

inner resistances R ; and R ;,. R theyresistances of the connecting cables between current transformers
and resistor R. They are multiplied s they have a forward and a return line. R, is the resistance of the
longest connecting cable.

CT1 transmits current #§. CT2 shall be saturated. Because of saturation the transformer represents a low-re-

sistance shunt which i M by a dashed short-circuit line.
R >> (2R, + Ryp) & r prerequisite.
Q 2Ra1 2Ra2

Ri2
| — 1 1
T T T

Figure 2-43 Simplified equivalent circuit of a circulating current system for high-impedance protection
L 4
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The voltage across R is then

Ve=11 - (2R + R;p)
It is assumed that the pickup value of the 7SJ62/64 corresponds to half the knee-point voltage of the curr,
transformers. In the balanced case results

Vr = Vkpy /2

This results in a stability limit I, , i.e. the maximum through-fault current below which the scheme reme%]s
stable:

Vipy /2 %
ST TR, TR, \
Calculation Example: @
For the 5 A CT as above with V¢, =75 Vand R;=0.3Q D

longest CT connection lead 22 m (24.06 yd) with 4 mm? cross-section; this corre

I = Vipy 2 _ 375V - 75A
St 2.R,,+R, 2:01Q+030Q

that is 15 x rated current or 12 kA primary.
For the 1 A CT as above with Vyp, =350 Vand R;=5Q
longest CT connection lead 107 m (117.02 yd) with 2.5 mK ection, results in R, = 0.75 Q
Vipy /2
g, = KPV _ 175V — 27
2-RptRy, 2:075Q+5Q

that is 27 x rated current or 21.6 kA primary.

Sensitivity with High-impedance Protection \h
The voltage present at the CT set is fo tothe protective relay across a series resistor R as proportional

current for evaluation. The following co ns are relevant for dimensioning the resistor:

As already mentioned, it is desiredfthat t igh-impedance protection should pick up at half the knee-point
voltage of the CT's. The resisﬁx culated on this basis.
urr

Since the device measures t flowing through the resistor, resistor and measuring input of the device
must be connected in sek furthermore, the resistance shall be high-resistance (condition: R >> 2R,
+ Rj,, as mentioned ab , theyinherent resistance of the measuring input can be neglected. The resistance
is then calculated fromithe pickup current 1, and half the knee-point voltage:

Vipy /2
R — KPV @

2%

L 4
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Calculation Example:

For the 5 A CT as above
desired pickup value I, = 0.1 A (equivalent to 16 A primary)
V /2 /
R — _KPV :75V2:3750 O
oy 0.1TA
For the 1 A CT as above Y
desired pickup value I, = 0.05 A (equivalent to 40 A primary) %
Vkpv’2 _ 350V /2 \
R = oy = OO05A = 3500 Q @
The required short-term power of the resistor is derived from the knee-poi nd the resistance:

It
Vv’ (75 V)2
KPV
= = = forthe 5 A CT exampl
PR="rR ~ 3130 W FQ
2
Vipy _ (350 V)2_

= = forthe 1ACT e
PR="R ~ 38000 >W ’%

As this power only appears during ground faults for a.short peri f time, the rated power can be smaller by
approx. factor 5.

Please bear in mind that when choosing a higher pi the resistance must be decreased and, in

doing so, power loss will increase significantly.

The varistor B (see following figure) must be i
knee-point voltage, e.g.

approx. 100 V for 5 A CT,

approx. 500 V for 1 A CT. \

\% Lous

d such that it remains high-resistive until reaching

[
: IN/INs  SIPROTEC :

Figu 4 Connection diagram of the ground fault differential protection according to the high-impedance
principle

L 4

Even with an unfavorable external circuit, the maximum voltage peaks should not exceed 2 kV for safety rea-
sons.
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If performance makes it necessary to switch several varistors in parallel, preference should by given to types

with a flat characteristic to avoid asymmetrical loading. therefore recommend the following types from

METROSIL: O
600A/S1/S256 (k = 450, B = 0.25)

600A/S1/S1088 (k = 900, B = 0.25)

The pickup value (0.1 A or 0.05 A in the example) is set in address 2706 50 1Ph-1 PICKUP in the device.

The 50-2 element is not required (address 2703 50 1Ph-2 PICKUP = ). @

The trip command of the protection can be delayed via address 2707 50 1Ph-1 DELAY. No uch delay

tizing currents of the transformers connected in parallel cannot be neglected anymor case, the mag-
netizing currents at half the knee-point voltage (corresponds to the setting value) ha mmed up. These
magnetizing currents reduce the current through the resistor R. Therefore the agtual up value will be cor-
respondingly higher.

is set to 0. \
If a higher number of CTs is connected in parallel, e.g. as busbar protection with sevi e , the magne-
0

Application as Tank Leakage Protection

The use as tank leakage protection requires that a sensitive inp
In/Ins: In this case, only the pickup value for single phase overcur
for the current at input I/ls.

nsf is available at the device input
tion is set at the 7SJ62/64 device

The tank leakage protection is a sensitive overcurrent protectio ich detects the leakage current between
the isolated transformer tank and ground. Its sensitivity is get ress 2706 50 1Ph-1 PICKUP. The 50-2
element is not required (address 2703 50 1Ph-2 PIC = o).

The trip command of the element can be delayed in ad 707 50 1Ph-1 DELAY. Itis normally setto 0.

o Note

l In the following settings, addresses 270
dependently of the nominal current.

are valid for a highly sensitive current measuring input in-
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255  Settings

The table indicates region-specific default settings. Column C (configuration) indicates the correspon-

ondary nominal current of the current transformer. g
Addr. Parameter C Setting Options Default Setting Comme
2701 50 1Ph OFF OFF 50 1Ph
ON 4
2702 50 1Ph-2 PICKUP 1A 0.05..35.00 A; © 0.50 A 56®3ickup
5A 0.25..175.00 A; © 250 A
2703 50 1Ph-2 PICKUP 0.003 .. 1.500 A; © 0.300 A -2 Pickup
2704 50 1Ph-2 DELAY 0.00 .. 60.00 sec; « 0.10 sec 1Ph-2 Time Delay
2705 50 1Ph-1 PICKUP 1A 0.05..35.00 A; » 0.20 A 50 1Ph-1 Pickup
5A 0.25..175.00 A; © 1.00 A
2706 50 1Ph-1 PICKUP 0.003 .. 1.500 A; © 0.1 50 1Ph-1 Pickup
2707 50 1Ph-1 DELAY 0.00 .. 60.00 sec; « 0. 50 1Ph-1 Time Delay
2.5.6 Information List \
No. Information Type of In- Comments
A

5951 >BLK 50 1Ph | >BLOCK 50 1Ph

5952 >BLK 50 1Ph-1 BLOCK 50 1Ph-1

5953 >BLK 50 1Ph-2 >BLOCK 50 1Ph-2

5961 50 1Ph OFF 50 1Ph is OFF

5962 50 1Ph BLOCKED 50 1Ph is BLOCKED

5963 50 1Ph ACTIVE 50 1Phis ACTIVE

5966 50 1Ph-1 BLK 50 1Ph-1 is BLOCKED

5967 50 1Ph-2 BLK 50 1Ph-2 is BLOCKED

5971 50 1Ph Pickup ouT 50 1Ph picked up

5972 50 1Ph TRIP ouT 50 1Ph TRIP

5974 50 1Ph-1 PU ouT 50 1Ph-1 picked up

5975 50 1Ph-1 TRIP ouT 50 1Ph-1 TRIP

5977 50 1Ph-2 ouT 50 1Ph-2 picked up

5979 ouT 50 1Ph-2 TRIP

5980 VI 50 1Ph: | at pick up

L 4
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Voltage protection has the task to protect electrical equipment against undervoltage and overvoltage. Both op=
erational states are unfavorable as overvoltage may cause for example insulation problems or undervoltage

There are two elements each available for overvoltage protection and undervoltage protection.

» Abnormally high voltages often occur e.g. in low loaded, long distance transmission lines,in islanded
systems when generator voltage regulation fails, or after full load shutdown of a generatorfrom the system.

» The undervoltage protection function detects voltage collapses on transmission lines andeelectrical ma-
chines and prevents inadmissible operating states and a possible loss of stability.

2.6 Voltage Protection 27, 59
may cause stability problems.

Applications

2.6.1 Measurement Principle

Connection / Measured Values

The voltages supplied to the device may correspond to the three phaseto-ground voltagesV,_y, Vg.n, Ve OF
two phase-to-phase voltages (Vag, Vg.c) and the displacement Veltage (ground voltage V) or, in case of a
single-phase connection, any phase-to-ground voltage orphase<te-phase voltage. Relays 7SJ623/624 and
7SJ64 provide the option to detect three phase-to-ground yoltages,and additionally the ground voltage. With a
multiple-phase connection, the connection type was spe€ified during configuration in address 213 VT

Connect. 3ph.

If there is only one voltage transformer, the devieg, has'to pe informed of this fact during configuration via
address 240 VT Connect. 1ph (see alsofSection 2.24).

The following table indicates which voltages canbe evaluated by the function. The settings for this are carried
outinthe P.System Data 1 (see Section 214.3.2). Furthermore, it is indicated to which value the threshold
must be set. All voltages are fundamental freguency values.

Table 2-11 Voltage protection, selectable voltages
Function Connection, three-phase Selectable voltage Threshold to be set as
(address213) (address614 / 615)

Overvoltage |Van, Vbn, Vcn Yphph (largest phase-to-phase voltage) |Phase-to-phase voltage
Van,Vbn,vVen,VGn Vph-n (largest phase-to-ground voltage) |Phase-to-ground voltage
Van,Vbn,Vcn,VSy — —

V1(positive sequence voltage) Positive sequence voltage
V2 (negative sequence voltage) Negative sequence voltage
Vab, Vbeh\V/Gnd Vphph (largest phase-to-phase voltage) |Phase-to-phase voltage
V1(positive sequence voltage) Positive sequence voltage
V2 (negative sequence voltage) Negative sequence voltage

Undervoltage |Van, VR, Ven Vphph (smallest phase-to-phase voltage) |Phase-to-phase voltage
Van,Vbn,Ven,VGn Vph-n (smallest phase-to-ground voltage) | Phase-to-ground voltage
Van,vbn,ven,VSy V1(positive sequence voltage) Positive sequence voltage - V3
Vab, Vbc, VGnd Vphph (smallest phase-to-phase voltage) |Phase-to-phase voltage

V1 (positive sequence voltage) Positive sequence voltage - \3
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Function |[Connection,single-phase Selectable voltage Threshold to be set as

(address 240)

Overvoltage |Any phase-to-phase or None Phase-to-phase or
Undervoltage |phase-to-ground voltage |(direct evaluation of the voltage connected |phase-to-ground volt

(see also Section 2.24) in accordance with address 240) (in accordance with address 240)

Current Criterion

Depending on the system, the primary voltage transformers are arranged either on the supply si(% or the load
side of the associated circuit breaker. These different arrangements lead to different pehawviour of the voltage
protection function when a fault occurs. When a tripping command is issued and it breaker is opened,

full voltage remains on the supply side while the load side voltage becomes zerg R voltage supply is sup-

pressed, undervoltage protection, for instance, will remain picked up. If pickuplis op out, the current can
be used as an additional criterion for pickup of undervoltage protection (curr, ision CS). Undervoltage
pickup can only be maintained when the undervoltage criterion satisfied and able minimum current level
(BkrClosed I MIN) are exceeded. Here, the largest of the three phas s is used. When the current

decreases below the minimum current setting after the circuit break
drops out.

pened, undervoltage protection

Note

, the device picks up immediately without
ickup. Apply measuring voltage or block the
ave the option of setting a flag via device op-
et of the pickup and device configuration can be

If parameter CURRENT SUPERV. is set to disabled in addr

measurement voltage and the undervoltage protecti i
voltage protection to continue with configuration.
eration for blocking the voltage protection. This initi
resumed.

L 4
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2.6.2 Overvoltage Protection 59

Function O

The overvoltage protection has two elements. In case of a high overvoltage, tripping switchoff is performe{with )
a short-time delay, whereas in case of less severe overvoltages, the switchoff is performed with a longer

delay. When one of the adjustable settings is exceeded, the 59 element picks up and trips after an adjustable
time delay has elapsed. The time delay is not dependent on the magnitude of the overvoltage. e

The dropout ratio for the two overvoltage elements (= Vgopout value! Vpickup vaiue) €aN be set.

The following figure shows the logic diagram of the overcurrent protection function. \

o o __
| [5002]59-1 PICKUP | 0
[
[5003]59-1 PICKUP |
|
|

| 5015 59-1-V2 PICKUP

I
[5019]59-1 PICKUP V1

[5017]59-1 DOUT RATIO | [5004]59-1 DELA
| : 6570
T AND 'TﬁL(') 59-1 TRIP )
59-1 PU 6568

| 5005 ] 59-2 PICKUP |
[

| 5006 | 59-2 PICKUP |

|

|

[

[5016 | 59-2-V2 PICKUP
[

[5020]59-2 PICKUP V1

[5018]59-2 DOUT RATIO | 59-2 DELAY

5573
(59-2 TRIP )
)

6571
(59-2 picked up

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(59-1 picked up ) i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

\ ___6 Measurement/Logic 234.2100
[ Tagging BLK 27, 59 | K (27,59 blk )

6513 e
OR __
[[>5L0ocK 59 (59 BLOCKED )
[5001[FCT 59 H
! 6565
OFF (59 OFF )
A ON 5567
Alarm Only AND 59 ACTIVE )
Figure 2-45 Logic of the overvoltage protection
L 4
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2.6.3

Function

2.6 Voltage Protection 27, 59

Undervoltage Protection 27

Undervoltage protection consists of two definite time elements (27-1 PICKUP and 27-2 PICKUP). Therefore,
tripping can be time-graded depending on how severe voltage collapses are. Voltage thresholds anaitime
delays can be set individually for both elements.

The dropout ratio for the two undervoltage elements (= Vyropout vatue!Vpickup vaiue) 2N be set.

The undervoltage protection works in an additional frequency range. This ensures that the¥protection function
is preserved even when it is applied e.g. as motor protection within the context of'decelerating motors. Howev-
er, the true r.m.s. value of the positive-sequence voltage component is considered togsmall when severe fre-
guency deviations exist. This function therefore exhibits an overfunction. If applications,are anticipated in which
the frequency range of fy,,, + 10 %, will be exceeded, the current criterion willL,not give'a correct result and must
be switched off.

Figure 2-46 shows a typical voltage profile during a fault for source sidesgeenneetion of the voltage transformers.
Because full voltage is present after the circuit breaker has been opened, €urrent supervision CS described
above is not necessary in this case. After the voltage has droppedgelowthe pickup setting, tripping is initiated
after time delay 27-1 DELAY. As long as the voltage remains belowthe dropout setting, reclosing is blocked.
Only after the fault has been cleared, i.e. when the voltageiincreases above the dropout level, the element
drops out and allows reclosing of the circuit breaker.

27-1 PICKUP 27-1 DOUTRATIO
Vi) Tripping Signal Closing Signal
A

VNom _| | ________ | | © .

/ Dropout threshold

Pickup threshold

27-1 DOUT RATIO -

T
|

27-1 PICKUP /

Pickup 27-9DELAY | T MIN COM

BT AN
P >t

>

Reclosing Blocked

T MINICOM {= Minimum Command Line

Figdre 2-46_““Typical fault profile for source side connection of the voltage transformer (without current su-
pervision)

Figure 2-47 shows a fault profile for aload side connection of the voltage transformers. When the circuit breaker
is open, the voltage disappears (the voltage remains below the pickup setting), and current supervision is used
to‘ensure that pickup drops out after the circuit breaker has opened (BkrClosed I MIN).

After the voltage has dropped below the pickup setting, tripping is initiated after time delay 27 -1 DELAY. When
the circuit breaker opens, voltage decreases to zero and undervoltage pickup is maintained. The current value
also decreases to zero so that current criterion is reset as soon as the release threshold (BkrClosed I MIN)
is exceeded. Thanks to the AND-combination of voltage and current criteria, pickup of the protection function
is also reset. As a consequence, energization is admitted anew when the minimum command time has elapsed.
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27-1 PICKUP 27-1 DOUT RATIO
V(t) Tripping Signal Closing Signal O
A
VNom — —tr-——-——-———F--—--—- F——1-—
[ Dropout threshold

Pickup threshold

|/ :

9
n S

27-1 DOUT RATIO -

T
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\l
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|

27-1 PICKUP

INom—‘—\ ————————— H——|—————— F -4+ —-——=
Current F Qg
/ Setting
BkrClosed IMIN---——-+——-—-————— N -1 ————————— i dnininh iy
4 27-1 DELAY | T MIN CgM
i >t
27-1 PICKUP i
A >
Current Criterion Met Current Criterion Met
| T 1 >t
= 27-1 Pickup and Curr iterion Met
T MIN COM = Minimum Comma in

Figure 2-47  Typical fault profilefor load side connection of the voltage transformers

(with current %
Upon the closing of the Na er, current criterion is delayed for a short period of time. If the voltage cri-

terion drops out during this time period (about 60 ms), the protection function does not pick up. Thereby no fault
record is created whe protection is activated in a healthy system. It is important to understand, how-
ever, that if a low % ondition exists on the load after the circuit breaker is closed (unlike Figure 2-47), the

desired pickx ent will be delayed by 60 ms.
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The following Figure shows the logic diagram of the undercurrent protection function.

| 5120 CURRENT SUPERV.

ON

2 oFF

[212 [BkrClosed I MIN
I

50-1 OR

6505
[>27 1 suPRvsN

40 ms

[5102]27-1 PICKUP |

[
[5103]27-1 PICKUP |

[5113]27-1 DOUT RATIO | 6539
I —— (271 TRIP
ﬂ' AND
L] 6534
27-1PY ————27-1PUCS )
6506
[ >BLOCK 27-1 6533
———(27-1 picked up )
[5110]27-2 PICKUP | \
I
[5111]27-2 PICKUP | [5112]27-2 DELAY
l
5114[27-2 DOUT RATIO 6540
| I | | AND T o0 (27-2TRIP )
J:I’ D
N 6538
27-2PY AND|——(27-2 PU CS )
6508 '
[>BLoCK 27-2 L— 6537
ANDL——("27-2 picked u
) p p )
S ——— e -
& Measurement/Logic
234.2100
| Tagging BLK 27, 59 (27,59 blk )
| Fuse Fail. Monitor
6509 6531
[ >FAIL.FEEDER VT OR (27 BLOCKED )
6510
I>FAL:BUS VT H !
6503
>BLOCK 27
5530
(27 OFF )
dJ 6532
| Alarm Only AND 27 ACTIVE )
Figure 2-48 @Logic diagram of the undervoltage protection
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2.6.4  Setting Notes

General

Voltage protection is only effective and accessible if address 150 27 /59 is set to Enab.led during configutation
of protection functions. If this function is not required, then Disabled is set.

The voltage to be evaluated is selected in Power System Data 1 (see Chapter 2.6, Table 2-11).
Overvoltage protection can be turned ON or OFF, or set to Alarm Only at address 5001 FCT_59.
Undervoltage protection can be turned ON or OFF or setto Alarm Only at address 5101 FET~27.

With the protection functions activated (ON), tripping, the opening of a fault and fault recerding,are initiated
when the thresholds are exceeded and the set time delays have expired.

With setting ALarm Only no trip command is given, no fault is recorded and no spontaneous fault annunciation
is shown on the display.

Overvoltage Protection with Phase-to-phase or Phase-to-ground Voltages

The largest of the applied voltages is evaluated for the phase-to-phasefor phase-to-ground overvoltage protec-
tion.

The threshold values are set in the value to be evaluated (see,Chapter 206, Table 2-11).

The overvoltage protection has two elements. The pickup value ‘efithe Tower threshold (address 5002 or 5003,
59-1 PICKUP, depending on the phase-to-ground or the ghase-to-phase voltages, can be assigned a longer
time delay (address 5004, 59-1 DELAY) and the upperéthreshold element (address 5005 or 5006, 59-2
PICKUP) a shorter (address 5007, 59-2 DELAY) timendelayyThere are no specific procedures on how the
pickup values are set. However, as the function is mainly used to prevent high insulation damage to system
components and users, the threshold value 500235008 .569-1 PICKUP lies generally between 110 % and
115 % of the nominal voltage and setting value 5005 , 5006 59-2 PICKUP at approximately 130 %.

The time delays of the overvoltage elements,are‘entered at addresses 5004 59-1 DELAY and 5007 59-2
DELAY, and should be selected in such mannerithat they make allowance for brief voltage peaks that are gen-
erated during switching operations andfalso enable clearance of stationary overvoltages in due time.

The choice between phase-to-groupd and phase-to-phase voltage allows voltage asymmetries (e.g. caused by
a ground fault) to be taken int@yaccaunt (phase-to-ground) or to remain unconsidered (phase-to-phase) during

evaluation.
® Note
l During configuration of @ single-phase voltage transformer connection (parameter 240 VT Connect. 1ph not

equal to NO), parameter§y213 VT Connect. 3phand 614 OP. QUANTITY 59 are not evaluated. In this
case, exclusively parameters 5003 59-1 PICKUP or 5006 59-2 PICKUP are relevant for the threshold values
of the overvoltage‘protection.

Overvoltage Protection'fyPositive Sequence System V1

In a three-phase voltage transformer connection the positive sequence system can be evaluated for the over-
voltage pfetection by means of configuring parameter 614 OP. QUANTITY 59 to V1. In this case, the threshold
values of the overvoltage protection must be set in parameters 5019 59-1 PICKUP V1 or 5020 59-2
PICKUP V1.
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Overvoltage Protection - Negative Sequence System V2

In a three-phase transformer connection, parameter 614 OP. QUANTITY 59 can determine that the négative
sequence system V2 can be evaluated as a measured value for the overvoltage protection. The negative se-
guence system detects voltage unbalance and can be used for the stabilization of the time overcufrent protec-
tion. In backup protection of transformers or generators, the fault currents lie, in some cases, only slightly above
the load currents. In order to obtain a pickup threshold of the time overcurrent protection that is as sensitive as
possible, its stabilization via the voltage protection is necessary to avoid false tripping.

Overvoltage protection comprises two elements. Thus, with configuration of the negative system, a longer time
delay (address 5004, 59-1 DELAY) may be assigned to the lower element (address 5015#89-1-V2 PICKUP
and a shorter time delay (address 5007, 59-2 DELAY) may be assigned to the upper€lement (address 5016,
59-2-V2 PICKUP). There are not clear cut procedures on how to set the pickup.values 59-1-V2 PICKUP or
59-2-V2 PICKUP as they depend on the respective station configuration.

The time delays of the overvoltage elements are entered at addresses 5004,59<4¢#DELAY and 5007 59-2
DELAY, and should be selected in such manner that they make allowance for brief voltage peaks that are gen-
erated during switching operations and also enable clearance of stationary‘@vervoltages in due time.

Dropout Threshold of the Overvoltage Protection

The dropout thresholds of the 59-1 element and the 59-2®€lement can be configured via the dropout ratio r =
Voropout! Veickup at @ddresses 5017 59-1 DOUT RATIO or 5018,59-2 DOUT RATIO. The following marginal
condition applies to r:

r - (configured pickup threshold) < 150 V with connegetion of,phase-to-phase voltages and phase-to-ground
voltages or

r - (configured pickup threshold) < 260 V with calculation of the measured values from the connected voltages
(e.g. phase-to-phase voltages calculated from the €ennected phase-to-ground voltages).

The minimum hysteresis is 0.6 V.

Undervoltage Protection - Positive Sequence System V1

The positive sequence component (WT),can be evaluated for the undervoltage protection. Especially in case of
stability problems, their acquisition(is advantageous because the positive sequence system is relevant for the
limit of the stable energy transmission. Concerning the pickup values there are no specific notes on how to set
them. However, becausegheiundervoltage protection function is primarily intended to protect induction ma-
chines from voltage dip§*andyto prevent stability problems, the pickup values will usually be between 60% and
85% of the nominal voltage. Please note that in case of frequency deviations of > 5 Hz, the calculated RMS
value of the voltag€ isycalctlated too low and the device may thus tend to overfunctioning.

The threshold value is'multiplied as positive sequence voltage and set to \3, thus realizing the reference to the
nominal voltage.

Undenyoltagefprotection comprises two elements. The pickup value of the lower threshold is set at address
5110 or 54,11,27-2 PICKUP (depending on the voltage transformer connection, phase-to-ground or phase-
te-phase), while time delay is set at address 5112, 27-2 DELAY (short time delay). The pickup value of the
upper element is set at address 5102 or 5103, 27-1 PICKUP, while the time delay is set at address 5106,
27 -19DELAY (a somewhat longer time delay). Setting these elements in this way allows the undervoltage pro-
tection function to closely follow the stability behavior of the system.

Thee time settings should be selected such that tripping occurs in response to voltage dips that lead to unstable
operating conditions. On the other hand, the time delay should be long enough to avoid tripping on short-term
voltage dips.
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Undervoltage Protection with Phase-to-phase or Phase-to-ground Voltages

In parameter 615 OP. QUANTITY 27 you can determine foor undervoltage protection in a three-phase conx
nection that instead of the positive-sequence system V1, the smallest of the phase-to-phase voltages Vphph
or the smallest phase-to-ground voltage Vph -n is configured as a measured quantity. The threshold valuesare
set in the quantity to be evaluated (see Section 2.6, table 2-11).

Undervoltage protection comprises two elements. The pickup value of the lower threshold is set at address
5110 0or 5111, 27-2 PICKUP (depending on the voltage transformer connection, phase-to-ground or phase-
to-phase), while time delay is set at address 5112, 27-2 DELAY (short time delay). The pickup value of the
upper element is set at address 5102 or 5103, 27-1 PICKUP, while the time delay is set at'address 5106,
27-1 DELAY (a somewhat longer time delay). Setting these elements in this way allowSithe Undernyoltage pro-
tection function to closely follow the stability behavior of the system.

The time settings should be selected such that tripping occurs in response to voltage dipsthatlead to unstable
operating conditions. On the other hand, the time delay should be long enough to aveid tripping on short-term
voltage dips.

Note

During configuration of a single-phase voltage transformer connection (parameter 240 VT Connect. 1ph not
equal to NO), parameters 213 VT Connect. 3ph and 615 OP.,QUANTATY %27 are not evaluated. In this
case, exclusively parameters 5103 27-1 PICKUP or 5111 27 -2 PICKUP:are relevant for the threshold values
of the undervoltage protection.

Dropout Threshold of the Undervoltage Protection

The dropout thresholds of the 27-1 and the 27-2 element'¢an be configured via the dropout ratio r =
Vdropout/Vpickup (9113 27-1 DOUT RATIO or 51142742 DOUT RATIO). The following marginal condition
applies tor:

r - (configured pickup threshold) < 120 V with connection of phase-to-phase voltages and phase-to-ground
voltages) or

r- (configured pickup threshold) < 210 Viwith calculation of the measured values from the connected voltages
(e.g. calculated phase-to-phase voltages fram the connected phase-to-ground voltages).

The minimum hysteresis is 0.6 V.

Note

If a setting is selected sueh thatthe dropout threshold (= pickup threshold - dropout ratio) results in a greater
value than 120 V / 2101V, it will be limited automatically. No error message occurs.
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Current Criterion for Undervoltage Protection

The 27-1 element and the 27-2 element can be supervised by the current flow monitoring setting. If thé
CURRENT SUPERV. is switched ON at address 5120 (factory setting), the release condition of the current cri-
terion must be fulfilled in addition to the corresponding undervoltage condition, which means that g@'configtired
minimum current (BkrClosed I MIN, address 212) must be present to make sure that this protective function
can pick up. Thus it can be achieved that pickup of the undervoltage protection drops out when the line is dis-
connected from voltage supply. Furthermore, this feature prevents an immediate general pickup of the device
when the device is powered-up without measurement voltage being present.

Note

If parameter CURRENT SUPERV. is set to disabled at address 5120, the device pick§up immediately if the
measuring-circuit voltage fails and the undervoltage protection is enabled. Furthermere, configuration can be
performed by pickup of measuring-circuit voltage or blocking of the voltage protegtion. The latter can be initiat-
ed via device operation in DIGSI and via communication from the control center by means of a tagging
command for blocking the voltage protection. This causes the dropout of the pickup and parameterization can
be resumed.

Please note that pickup threshold BkrClosed I MIN is used(in gthefprotective functions as well, including
overload protection, restart inhibit for motors, dynamic cold\lead piektp and circuit breaker maintenance.

2.6.5  Settings
Addresses which have an appended "A" can aonlyybe ‘e¢hanged with DIGSI, under "Display Additional Settings".
Addr. Parameter Setting @ptions Default Setting Comments

5001 FCT 59 OFF OFF 59 Overvoltage Protection
ON
Alarm Only

5002 59-1 PICKUP 40 .. 260 V 110 V 59-1 Pickup

5003 59-1 PICKUP 40 £150\ 110 V 59-1 Pickup

5004 59-1 DELAY 0.00%,100.00 sec; «© 0.50 sec 59-1 Time Delay

5005 59-2 PICKUP 40 ..260 V 120 V 59-2 Pickup

5006 59-2 PICKUP 407. 150 V 120 V 59-2 Pickup

5007 59-2 DELAY 0.00 .. 100.00 sec; « 0.50 sec 59-2 Time Delay

5015 59-1-V2 PICKUP 2..150V 30V 59-1 Pickup Overvoltage (neg.

seq.)
5016 59.2-V2 PIEKUP 2..150V 50V 59-2 Pickup Overvoltage (neg.
seq.)

5017A 59-1 BOUT RATIO 0.90..0.99 0.95 59-1 Dropout Ratio

5018A 59-2 DOUT RATIO 0.90..0.99 0.95 59-2 Dropout Ratio

5019 594 PICKUP V1 40 ..150V 110V 59-1 Pickup V1

5020 59-2 PICKUP V1 40 ..150V 120V 59-2 Pickup V1

5104 FCT 27 OFF OFF 27 Undervoltage Protection
ON
Alarm Only

5102 27-1 PICKUP 10..210V 75V 27-1 Pickup

SIPROTEC, 75J62/64, Manual
C53000-G1140-C207-2, Release date 01.2008

149



Functions

2.6 Voltage Protection 27, 59

Addr. Parameter Setting Options Default Setting Comments
5103 27-1 PICKUP 10..120V 7BV 27-1 Pickup
5106 27-1 DELAY 0.00 .. 100.00 sec; «© 1.50 sec 27-1 Time Delay
5110 27-2 PICKUP 10..210V 0V 27-2 Pickup
5111 27-2 PICKUP 10..120V 0oV 27-2 Pickup
5112 27-2 DELAY 0.00 .. 100.00 sec; 0.50 sec 27-2 Time Delay
5113A 27-1 DOUT RATIO 1.01..3.00 1.20 27-1 Dropout Ratio
5114A | 27-2 DOUT RATIO 1.01..3.00 1.20 27-2 Dropout'Ratio
5120A | CURRENT SUPERV. | OFF ON Current Supervision
ON

2.6.6 Information List

No. Information Type of In- Comments

formation
234.2100 | 27, 59 blk IntSP 27, 59 blocked via,operation
6503 >BLOCK 27 SP >BLOCK 27y undexVeltage protection
6505 >27 | SUPRVSN SP >27-Switeh current supervision ON
6506 >BLOCK 27-1 SP >BLOCK 27-1dndervoltage protection
6508 >BLOCK 27-2 SP >BLOCK2%-2 Undervoltage protection
6513 >BLOCK 59 SP >BLOCK 59 overvoltage protection
6530 27 OFF ouT 27 Undervoltage protection switched OFF
6531 27 BLOCKED ouT 27 Undervoltage protection is BLOCKED
6532 27 ACTIVE ouT 27 Undervoltage protection is ACTIVE
6533 27-1 picked up OUT, 27-1 Undervoltage picked up
6534 27-1 PUCS OUT 27-1 Undervoltage PICKUP wi/curr. superv
6537 27-2 picked up ouT 27-2 Undervoltage picked up
6538 27-2PU CS ouUT 27-2 Undervoltage PICKUP w/curr. superv
6539 27-1 TRIP QuUT 27-1 Undervoltage TRIP
6540 27-2 TRIP ouT 27-2 Undervoltage TRIP
6565 59 OFF ouT 59-Overvoltage protection switched OFF
6566 59 BLOCKED ouT 59-Overvoltage protection is BLOCKED
6567 59 ACTIVE ouT 59-Overvoltage protection is ACTIVE
6568 59-1 picked up ouT 59 picked up
6570 59-1 TRIP. ouT 59 TRIP
6571 59-2 picked up ouT 59-2 Overvoltage V>> picked up
6573 59-2 TRIP. ouT 59-2 Overvoltage V>> TRIP
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2.7 Negative Sequence Protection 46
Negative sequence protection detects unbalanced loads on the system.

Applications

« The application of unbalanced load protection to motors has a special significance. Unbalanced loads create
counter-rotating fields in three-phase induction motors, which act on the rotor at double frequeney. Eddy cur-
rents are induced at the rotor surface, and local overheating in rotor end zones andsthe slot wedge begins
to take place. This especially goes for motors which are tripped via vacuum contactors'with fuses connected
in series. With single-phasing by fuse pickup the motor only generates small and‘pulsing'/moments such that
it soon gets strained thermally assuming, however, that the driven machine geéquiresithe same amount of
moments. In addition, with unbalanced supply voltage it is endangered by thermal averload. Due to the small
negative sequence reactance even small voltage asymmetries lead to negativesSequence currents.

« In addition, this protection function may be used to detect interruptionSishort circuits and polarity problems
with current transformers.

 ltis also useful in detecting single-pole and two-pole faults with fault currents lower than the maximum load
currents.

Prerequisites
The unbalanced load protection becomes effective when:
a minimum phase current is larger than 0.1 x ly,,, and

all phase currents are smaller than 10 X I o,

2.7.1 Definite Time Characteristic

The definite time characteristic consistsyof two elements. As soon as the first settable threshold 46-1 PICKUP
is reached, a pickup message is@utput and time element 46-1 DELAY is started. When the second element
46-2 PICKUP is started, another message is output and time element 46-2 DELAY is initiated. Once either
time delay elapses, a trip signal is,initiated.

th
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Figure 2-49 Definite time characteristic for negative sequence protection
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Settable Dropout Times

table dropout times. This facility is used in power systems with possible intermittent faults. Used together witl

Pickup stabilization for the definite-time tripping characteristic 46-1, 46-2 can be accomplished by means of seo
electromechanical relays, it allows different dropout responses to be adjusted and time grading of digita@

electromechanical relays to be implemented.

2.7.2 Inverse Time Characteristic 46-TOC ¢
The inverse time element is dependent on the ordered device version. It operates with @character-
istic tripping curves. The curves and associated formulas are given in the Technical Da programming
the inverse time characteristic also definite time elements 46-2 PICKUP and 46-1 P available (see

aforegoing paragraph).

Pickup and Tripping

The negative sequence current 12 is compared to the setting value 46 - TOCQPICKUP. When the negative se-
guence current exceeds 1.1 times the setting value, a pickup annunci i erated. The tripping time is

calculated from the negative sequence current according to the r elected. After expiration of the
time period a tripping command is output. The characteristic cu illu ed in the following figure.

ta Negative Sequence
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- |
g
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| |
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Figure e time characteristic for negative sequence protection
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Dropout for IEC Curves

The element drops out when the negative sequence current decreases to approx. 95% of the pickup
The time delay resets immediately in anticipation of another pickup.

Dropout for ANSI Curves 0

When using an ANSI curve, select if dropout after pickup is instantaneous or with disk emulation. "Instanta-
neous" means that pickup drops out when the pickup value of approx. 95 % is undershot. For a neéw pickup the

time delay starts at zero.

The disk emulation evokes a dropout process (timer counter is decrementing) %after de-energiza-
tion. This process corresponds to the reset of a Ferraris-disk (explaining its denomination "disk emulation™). In
case several faults occur in succession the "history" is taken into considerationdue inertia of the Ferraris-
disk and the time response is adapted. This ensures a proper simulation of the te ature rise of the protected
object even for extremely fluctuating unbalanced load values. Reset begins as 90 % of the setting
value is undershot, in accordance with the dropout curve of the selecte ristic. In the range between
the dropout value (95 % of the pickup value) and 90 % of the settin
menting process is in idle state.

Disk emulation offers advantages when the behavior of the negative Sequence protection must be coordinated
with other relays in the system based on electromagneti a

Logic
The following figure shows the logic diagram for the tive'sequence protection function. The protection may
be blocked via a binary input. This resets pickup and ti lements and clears measured values.
When the negative sequence protection criteri nger satisfied (i.e. all phase currents below 0.1 X Iyom
or at least one phase current is greater all pickups issued by the negative sequence protection
function are reset.
L 4 \< ’
L 4
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-51 Logic diagram of the unbaﬁR)a rotection

The pickup of the definite
46 T DROP-OUT. This
Therefore, the function

threshold has be

the dropout delai@

m

(46 OFF )

&&current protection can be stabilized by the configured dropout time 4012

t drop out at high speed. The trip command delay time continues running. After
psed, the pickup is reported OFF and the trip delay time is reset unless the

Q ed and maintains the pickup condition if the current falls below the threshold.
oes

ded again. If the threshold is exceeded again during the dropout delay time, the time
and delay time continues running. Should the threshold value be exceeded after its
nd is issued immediately. If the threshold value is not exceeded at this time, there will be
reshold value is exceeded again after expiry of the trip-command delay time, while the

is still running, tripping occurs immediately.
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The configured dropout times do not influence the tripping times of the inverse time elements as these depend
dynamica‘v on the measured current value. For purposes of dropout coordination, disc emulation is used with
ctro-mechanical relays.
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2.7.3

General

2.7 Negative Sequence Protection 46

Setting Notes

The function type has been specified during configuration of the protection functions (Section 2.1/1.2, address
140 46). If only the definite time elements are desired, the address 46 should be set to Definite“Fime. Se-
lecting 46 = TOC IEC or TOC ANSI in address 140 will additionally make all parameters available that are
relevant for the inverse time curves. If this function is not required, then Disabled is set.

The function can be turned ON or OFF in address 4001 FCT 46.

The default pickup settings and delay settings are generally sufficient for most applications4If data is available
from the manufacturer regarding the allowable long-term load imbalance and the.allowable load imbalance per
unit of time, this data should be used preferentially. It is important to note that the manufacturer's data relate to
the primary values of the machine, for example, the maximum permissible permanent inverse current is re-
ferred to the nominal machine current. For the setting values at the protection‘device, this information is con-
verted to the secondary inverse current. The following applies

L = (IZperm prim) 167 ec
, = T

Pickup Setting “INomMotor— =
ICT prim

INom Motor

with

2 perm prim permissible thermal inverse gugrentief the motor

I Nom Motor Nominal Motor Current

leT sec Secondary Nominal Current of the Current Transformer
It prim Primary nominal eutrentief the current transformer

Definite Time Elements

The unbalanced load protection fdnction comprises elements. Therefore, the upper element (address 4004
46-2 PICKUP) can be settoashort time delay (address 4005 46-2 DELAY) and the lower element (address
4002 46-1 PICKUP),can besset to a somewhat longer time delay (address 4003 46-1 DELAY). This allows
the lower elementtefactie.g. as an alarm, while the upper element will cut the inverse characteristic as soon
as high inverse currents, are present. If 46-2 PICKUP is set to about 60%, tripping is always performed with
the thermal characterigtic. On the other hand, with more than 60 % of unbalanced load the user will assume a
phase-to-phase fault./The delay time 46-2 DELAY must be coordinated with the system grading for phase-to-
phase faults. Ifgpower supply with current | is provided via just two phases, the following applies to the inverse
currefty

1
I, =—4-1=0.58"1
2
I3
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Examples:

Motor with the following data: O
Nominal current Inom Motor = 945 A

Continuously permissible negative 1, yq prim /Inom motor = 0.11 continuous 0
sequence current

Briefly permissible negative se- 12 tong-term prim /INom Motor= 0-55 for T max =1's
guence current L 4

Current transformer INomprim/INomsec = 600 A/L A

Setting value 46-1 Pickup =0.11 - 545 A - (1/600 A) = 0.10 A %
Setting value 46-2 Pickup = 0.55 - 545 A - (1/600 A) = 0.50 A
When protecting feeder or cable systems, unbalanced load protection may serve t ir@v magnitude un-

symmetrical faults below the pickup values of the directional and non-directional@ nt elements.

Here, the following must be observed: Q

1

I, =—-1=058"1
S
A phase-to-ground fault with current | corresponds to the m egative sequence current:

S
Q

On the other hand, with more than 60% ofN d load, a phase-to-phase fault can be assumed. The delay
time 46-2 DELAY must be coordinatediwi e system grading of phase-to-phase faults.

For a power transformer, unbalanc a tection may be used as sensitive protection for low magnitude
phase-to-ground and phase-tgph e faults. In particular, this application is well suited for delta-wye transform-
ers where low side phase-to-gr do not generate high side zero sequence currents (e.g. vector group
Dy).

Since transformers transf trical currents according to the transformation ratio "CTR", the relationship
between negative seq:@“ nts and total fault current for phase-to-phase faults and phase-to-ground
sf

-

faults are valid for the ofmer as long as the turns ratio "CTR" is taken into consideration.

Consider a transf ith the following data:

Snomt = 16 MVA

Viom = 110 KV
Viom = 20 kV (TRy = 110/20)
Dy5

High SidgCT 100A/1A (CT, = 100)
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The following fault currents may be detected at the low side:

If 46-1 PICKUP on the high side of the devices is set to = 0.1, then a fault current of | = 3 - TRy, : TR, #4611
PICKUP = 3 -110/20 - 100 - 0.1 A = 165 A for single-phase faults and V3 - TR, - TR, -46-1 PICKUP 2,95 A
can be detected for two-phase faults at the low side. This corresponds to 36% and 20% of the trafisformer
nominal current respectively. It is important to note that load current is not taken into account in this simplified
example.

As it cannot be recognized reliably on which side the thus detected fault is located, the delay time 46-1 DELAY
must be coordinated with other downstream relays in the system.

Pickup Stabilization (Definite Time)

Pickup of the definite time elements can be stabilized by means of a configurable/dtepout time. This dropout
time is setin 401246 T DROP-OUT.

IEC Curves (Inverse Time Tripping Curve)

The thermal behavior of a machine can be closely replicated due to fiegative'sequence by means of an inverse
time tripping curve. In address 4006 46 IEC CURVE, select outfofithree|EC curves provided by the device
the curve which is most similar to the thermal unbalanced lgad curvé provided by the manufacturer. The tripping
curves of the protective relay, and the formulas on which theyaretbased, are given in the Technical Data.

It must be noted that a safety factor of about 1.1 hasd@lready heen'included between the pickup value and the
setting value when an inverse time characteristic is,selected. This means that a pickup will only occur if an un-
balanced load of about 1.1 times the setting value 465TOC“PICKUP is present (address 4008). The dropout
is performed as soon as the value falls below 95% of the"pickup value.

The associated time multiplier is entered at address 4010, 46-TOC TIMEDIAL.

The time multiplier can also be set to «ffAfter pickup the element will then not trip. Pickup, however, will be
signaled. If the inverse time elementds notsequired at all, address 140 46 should be setto Definite Time
during the configuration of protectign fun€tions (Section 2.1.1.2).

ANSI Curves (Inverse Time Tripping Curve)

Behavior of a machine due tofR€gative’'sequence current can be closely replicated by means of an inverse time
tripping curve. In address 4007 the 46 ANSI CURVE, select out of four ANSI curves provided by the device
the curve which is most similartethe thermal unbalanced load curve provided by the manufacturer. The tripping
curves of the protective relay,“and the formulas on which they are based, are given in the Technical Data.

It must be noted that'aysafety factor of about 1.1 has already been included between the pickup value and the
setting value wheén angdnverse time characteristic is selected. This means that a pickup will only occur if an un-
balanced load ofiabout'1.1 times the setting value is present. If Disk Emulation was selected at address
4011 46-TOC 'RESET, reset will occur in accordance with the reset curve as described in the Functional De-
scriptien.

The unbalanged load value is set at address 4008 46-TOC PICKUP. The corresponding time multiplier is ac-
cessible viggaddress 4009 46-TOC TIMEDIAL.

The time‘multiplier can also be set to «. In this case, the element will not trip after pickup. However, pickup, will
be signaled. If the inverse time element is not required at all, address 140 46 should be setto Definite Time
during configuration of the protection functions (Section 2.1.1.2).
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2.7.4  Settings

Addresses which have an appended "A" can only be changed with DIGSI, under "Display Additional Setting

The table indicates region-specific default settings. Column C (configuration) indicates the corresponding sec
ondary nominal current of the current transformer.

Addr. Parameter C Setting Options Default Setting Comments
4001 FCT 46 OFF OFF
ON
4002 46-1 PICKUP 1A 0.10..3.00 A 0.10A
5A 0.50..15.00 A 0.50 A
4003 46-1 DELAY 0.00 .. 60.00 sec; w 1.50 sec Delay
4004 46-2 PICKUP 1A 0.10..3.00 A 0.50 A ickup
5A | 0.50..15.00 A 250 A
4005 46-2 DELAY 0.00 .. 60.00 sec; «© 1.50 sec 46-2 Time Delay
4006 46 |IEC CURVE Normal Inverse Extre eI@ 46 IEC Curve
Very Inverse
Extremely Inv.
4007 46 ANSI CURVE Extremely Inv. mely Inv. 46 ANSI Curve
Inverse
Moderately Inv.
Very Inverse
4008 46-TOC PICKUP 1A | 0.10..2.00A 0.90 A 46-TOC Pickup
5A | 050.. [250A
4009 46-TOC TIMEDIAL 5.00 46-TOC Time Dial
4010 46-TOC TIMEDIAL 0.50 sec 46-TOC Time Dial
4011 46-TOC RESET Instantaneous 46-TOC Drop Out
4012A | 46 T DROP-OUT ﬁ . 0.00 sec 46 Drop-Out Time Delay
2.7.5 Information List \&
No. Informati g Type of In- Comments
formation
5143 >BLOCK SP >BLOCK 46
5151 46 OFF ouT 46 switched OFF
5152 46 BLO ouT 46 is BLOCKED
5153 46 ACTIVE ouT 46 is ACTIVE
5159 46-2 picked up ouT 46-2 picked up
6-1 pickéd up ouT 46-1 picked up
TOC pickedup ouT 46-TOC picked up
IP ouT 46 TRIP
Dsk pickedup ouT 46 Disk emulation picked up
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2.8

28.1

28.1.1

General

2.8 Motor Protection

Motor Protection

For the protection of motors, devices 7SJ62/64 are provided with a motor starting protection function, axestart
inhibit and a load jam protection. The starting protection function protects the motor from prolonged startup pro-
cedures thus supplementing the overload protection (see Section 2.10). The restart inhibit prevents,restarting

of the motor when this restart may cause the permissible thermal limits of the rotor to be exceeded. The load

jam protection serves to protect the motor during sudden rotor blocking.

Motor Starting Protection 48

When devices 7SJ62/64 are used to protect a motor, the starting protection feature supplements the overload
protection and protects the motor against prolonged starting operations (segySectien 2.10).

Description

In particular, rotor-critical high-voltage motors can quickly be,heated above their thermal limits when multiple
starting attempts occur in a short period of time. If thédtrations of these starting attempts are lengthened e.g.
by excessive voltage surges during motor starting, byexcessive load moments, or by blocked rotor conditions,
a trip signal will be initiated by the protective relay.

Motor starting is detected when a settable current thkeshold I MOTOR START is exceeded. Calculation of the
tripping time is then initiated. It should be notéd that,this timer starts every time the motor is started. This is
therefore a normal operating condition thatis neither indicated in the fault log nor causes the creation of a fault
record. Only when the locked rotor tighe has elapsed is the trip command issued.

The protection function consists ofiene‘definite time and one inverse time tripping element.

Inverse Time Overcurrent Element

The inverse time overcurrent'element’is designed to operate only when the rotor is not blocked. With a de-
creased startup currenbresulting ffom voltage dips when starting the motor, prolonged startup times are eval-
uated correctly and trippingiwith an appropriate time is enabled. The characteristic (see formula below) can be
ideally adjusted to,the“cendition of the motor by using different startup times depending on the cold or warm
condition of the motex(seeirigure 2-52).
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The tripping time is calculated based on the following equation:

| 2 O
_ (lstarTUP
trrip = (f) “tMax.STARTUP where I>lyo70R sTART ‘ )

with ¢

trrip Actual tripping time for flowing current |

t max STARTUP Tripping time for nominal startup current lgpagryp (2ddress 4103, STIN E or 4105,
STARTUP T WARM)

| Current actually flowing (measurement value) @

lsTARTUP Nominal startup current of the motor (address 4102, STARTUR, CURRENT)

I MOTOR START Pickup value for recognition of motor startup (address 1 @MOR START),

T-TRIP 4
[s]

[4103 ] STARTUP TIME H
[4105] STARTUP T WARM |

Cold Motor

" —

! \: * ~ Warm Motor
; > |
I
[1107]1 MOTOR ST, [4102[ STARTUP CURRENT

Figure 2-52 Inverse time tmwrv for motor starting current

Therefore, if the startup ck&smaller (larger) than the nominal current lgparyp (Parameter STARTUP
d

t
CURRENT) as configure dress 4102, then the actual tripping time tr, is prolonged (or shortened) ac-
cordingly (see Figure 2-52).

Definite Time Overcurr@Characteristic (Locked Rotor Time)
t be

S uted when the actual motor starting time exceeds the maximum allowable locked rotor
r is loecked. The device can be informed about the locked rotor condition via the binary input

d“), e.g. from an external r.p.m. monitor. The motor startup condition is assumed when the
ase exceeds the current threshold I MOTOR START. At this instant, the timer LOCK ROTOR

currentin any
TIME is started.

e Iocke’d rotor delay time (LOCK ROTOR TIME) is linked to a binary input ,,>Rotor locked“ via an AND
. If the binary input is picked up after the set locked rotor time has expired, immediate tripping will take
regardless of whether the locked rotor condition occurred before, during or after the timeout.
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Logic

Motor starting protection may be switched on or off. In addition, motor starting protection may be blocke
binary input which will reset timers and pickup annunciations. The following figure illustrates the logic
starting protection. A pickup does not create messages in the trip log buffer. Fault recording is not&

2.8 Motor Protection

a trip command has been issued. When the function drops out, all timers are reset. The annunciati

pear and a trip log is terminated should it have been created.

[I MOTOR START

[ Pickup A

| TEMP.COLD MOTOR [4106

[ STARTUP CURRENT [4102]
[

[4103 ]
[

[STARTUP TIME

N

@ Cold Motor

6823

[Temperature [STARTUP CURRENT [4102]
[
[STARTUP T WARM [4105]
:@ Warm Motor

[LOCK ROTOR TIM

A

[B

|C
I e

l >Rotor locked

6801

l >BLK START-SUP

[4101| FCT 48/66

4« | OFF
——" ON

Figure 2-53

Logic diagr

Q>®
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ﬁ Fault Cond. >}
|
|
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l
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|
|
}
| ____
S Measurement/Logic
6812
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Switching of Startup Times

The motor manufacturer provides startup time curves for both cold and warm motor conditions (see Figure 24
52). The function Motor Starting Protection automatically performs a switching. The "warm motor" condition is
derived from the thermal storage of the restart inhibit (see Section 2.8.2). Therefore, this function must bé en-
abled. The condition for the switching is determined by the parameter 4106 TEMP.COLD MOTOR. If the motor
temperature (actually the rotor temperature) exceeds the threshold value, then a switching from "cold motor*”

to "warm motor" takes place (see logic diagram 2-53). The threshold values can be derived from the permitted
number of cold (ngyq) and warm (n,,,,,,) Motor startups. By means of the following formula an approximate limit
value can be determined.

(Parameter 4106 TEMP.COLD MOTOR)

nCOld - nwarm . 100 0/0

Oy =
limit n

cold

The setting value should always be lower than the limit value (see Setting Notes2.8.1.2),

2.8.1.2 Setting Notes

General

Motor starting protection is only effective and accessible if addréss, 1411 48 = Enabled is set. If the function is
not required Disabled is set. The function can be turnedyON oF@FF under address 4101 48.

Startup Parameter

The device is informed of the startup current values{underinermal conditions at address 4102 STARTUP
CURRENT, the startup time at address 4103 STARTUP TIME. At all times this enables timely tripping if the value
It calculated in the protection device is excéeded,

If the startup time is longer than the permissible Blecked rotor time, an external rpm-counter can initiate the
definite-time tripping characteristic via binagy input (,>Rotor locked®). Alocked rotor leads to a loss of ven-
tilation and therefore to a reduced thermal [gadieapacity of the machine. For this reason, the motor starting time
function is to issue a tripping command before reaching the thermal tripping characteristic valid for normal op-
eration.

A current above the current threshield 7107 I MOTOR START is interpreted as motor startup. Consequently,
this value must be chosen su€hithat it'is reliably attained by the actual starting current under any load or voltage
conditions during motor startup, bt not during a permissible short-time overload.

Example: Motor with the following data:

Rated Voltage Vyom = 6600 V
Nominal current ImoTnom = 126 A
Startup etirrent (primary) lsTarTUPW = 624 A
Long-term gurrenprating Imax = 135 A
Startup timey(cold condition) Trmax.sTARTUP: = 15°S
Startup time (warm condition) TrMax.STARTUPW = 8:5°S
Current transformer InomcTprim / INomcTsec = 200 AT 1 A
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The setting for address STARTUP CURRENT (I5rarTup) @s @ secondary value is calculated as follows:

_ 624 A 3

| _ ISTARTUP N — | =312 A
STARTUPsec ~ j— " 'NomCTsec 55 A NomCTsec :
Nom CT prim

¢

For reduced voltage, the startup current is also reduced almost linearly. At 80 % nominal voltage, the startup

current in this example is reduced to 0.8 - IgragTyup = 2.5.
The setting for detection of a motor startup must lie above the maximum load cur an low the minimum
start-up current. If no other influencing factors are present (peak loads), the val r or startup I MOTOR
START set at address 1107 may be an average value:

Based on the Long-Term Current Rating:

135 A
200 A INom CT sec = 0-68 A Q

25A+0.68A
lsTARTUP sec = — =z 1.6 A $

For ratios deviating from nominal conditions, tomtripping time changes:
lstARTUP)?
trrip = (T) ~TMax.START\
At 80% of nominal voltage ( h sponds to 80% of nominal starting current), the tripping time is:
L 4
t 624 \5= 13.3
RIP ~ 586 0 8 5

After the ti (4104 LOCK ROTOR TIME) has elapsed, the binary input becomes effective and generates
atri alilf the'locked rotor time is set just long enough that during normal startup the binary input ,,>Rotor
ed 0. 6805) is reliably reset during the delay time LOCK ROTOR TIME, faster tripping will be available
otor starting under locked rotor conditions.
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Threshold Values "cold" / "warm" Motor

Parameter 4106 TEMP.COLD MOTOR determines the threshold value. It is derived from the number of cold
(N¢oiq) @nd warm (ny,,,y,) Motor startups.

Unless specified otherwise, three cold and two warm startups (Neyiq = 3; Nyarm = 2) Will be sufficient. These are
typical motor data. The limit value is thus derived:

L 4

n..y—n _
Opimit = M-1oe%=¥-1oo%=33%

nwarm

A recommended setting value with consideration of a safety margin for TEMP . COLD

Should the technical data of the motor make reference to four cold and two warm star (nCold =4; Nyarm = 2),

the following limit value can be determined: Q

N, q—N _
Oimit = Mwoo%:‘%-wo%:w%

nwarm
The setting value should fall below the limit value. A valu 40%jis recommended for that purpose.
. Note
l Overload protection curves are also effective during rting conditions. However, the thermal profile

during motor starting is constant. Parameter
overload protection to larger current value

T at address 1107 limits the working range of the

. Note
l The motor restart inhibit 4301 FCT e switched on to enable distinguishing between cold and warm
condition of the motor. V'S
L 4
164 SIPROTEC, 7SJ62/64, Manual

C53000-G1140-C207-2, Release date 01.2008



Functions

2.8.2

2.8.2.1

General

Determining the Rotor Overtemperature

2.8 Motor Protection

Motor Restart Inhibit 66

The motor restart inhibit prevents restarting of the motor when this restart may cause the permissible

limits of the rotor to be exceeded.
Additionally, the function can trip directly if the rotor temperature exceeds the maximum admissible ature
(100%) (rotor overload).

L 4
Description

The rotor temperature of a motor generally remains well below its maximu a@e temperature during
igh SBP

normal operation and also under increased load conditions. However, h currents required during
motor startup increase the risk of the rotor being thermally damaged rath e stator, due to the short thermal
constant of the rotor. To avoid that multiple starting attempts provok ing, a restart of the motor must be
inhibited if it is apparent that the thermal limit of the rotor will be exce during this startup attempt. Therefore,
the 7SJ62/64 relays feature the motor restart inhibit which outp loéking command until a new motor
startup is permitted for the deactivated motor (restarting limit). ing signal must be configured to a
binary output relay of the device whose contact is inserte r starting circuit.

e

Since the rotor current cannot be measured direct Mor current must be used to generate a thermal
replica of the rotor. The r.m.s. values of the curre re used for this. The rotor overtemperature @ is calcu-
lated using the largest of these three phase . Itis assumed that the thermal limit values for the rotor
winding are based on the manufacturer's,data'r ing the nominal starting current, maximum permissible

starting time, and the number of starts @. te m cold (n,q) @and warm (n,,,m) conditions. From this data,
the device performs the necessary cale ons to establish the thermal replica of the rotor and issues a block-
ing signal until the thermal replica e rotor decreases below the restarting limit at which startup is permitted

again. 2
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oLA \

Cool-down with © k T -RUNNING

Maximum Allowable Rotor Temperature N : ‘ ’
T a————— —
Temperature Curve: ! Cool-dgwn with © &  STOP
Rotor Cage Bar Upper Side Limit l | !
Rotor Cage Bar Lower Side Limit | | I | | V'S
L . | 1 P | Restarting Limit |

Thermal Profile

|
|
f |
1st |2nd | t
Start | Start | |
Motor Started E_quiIibrium Motor Started Eguilibrium Eguilibrium |
Time Time Time
' l | | |
| | | | |
Current | | | | |
A I | | | |
| | |
' |
! |
|
BrkClosed | |
Minf — — — — — — — — — — — |- — — - — - 4 b __ <1 _ _ _ 4
-
| t

temperatures in the the rotor are nat pertiiant for motor restart inhibit (see Figure 2-54). It is much more impor-

tant to establish a thermal rep omplete motor start, that is appropriate for the protection of the
motor's thermal condition. Fi shows, as an example, the heating processes during repeated motor
starts (three starts from ing condition), as well as the thermal replica in the protection relay.
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Restart Threshold

2.8 Motor Protection

If the rotor temperature has exceeded the restart threshold, the motor cannot be restarted. The blocking'sighal
is not lifted unless the rotor temperature has fallen below the restarting limit, that is, when exactly one start

becomes possible without exceeding the excessive rotor temperature limit. Based on the specified motorpa-
rameters the device calculates the normalized restarting limit ®gegar:

®Restart = (

Where:
®Restart
kg
ISTARTUP
IMOTNom
Tstart max
R

Neorg

I 2 7(ncold - 1) ) Tslart ma
T
STARTUP ) '{1 _e R j
R

IMOTNom -k

Temperature threshold below which restarting is possible
k-factor for the rotor, calculated internally

Startup current

Nominal motor current

Maximum startup time

Thermal time constant of the rotor, caleulated internally
Permissible number of startupstin, coldycendition

The restarting limit Ogeqt iS displayed as operatiopal'meastred value in the "thermal measured values”.

Rotor Overload Detection

If the rotor temperature exceeds 100%fof the maximum temperature calculated from the thermal rotor profile,
there is a risk of motor damage. If this threshold value is exceeded, either tripping occurs or an overload

message is issued. The desired reactionican be determined via parameter 4311 ROTOR OVERLOAD. If param-
eter is set to OFF, rotor overload will hot,be detected.

Restart Time

The motor manufacturér allows a maximum number of cold (ng,y) and warm (n,,.,) startup attempts. There-
after, another startup isgnotipermitted. A certain time must have passed — restarting time Trega — t0 €nsure
that the rotor has cooled, off (Operational measured value 661).

Equilibrium Time

This thermalsbebhavier is provided for in the protection as follows: Each time the motor is shut down, the timer
starts(address 4304 T Equal). It takes into account the different thermal conditions of the motor parts at the
momentef shutdown. During the equilibrium time, the thermal replica of the rotor is not updated. It is maintained
constant to replicate the equilization process in the rotor. Then, the thermal replica with the corresponding time
constant (ragtor time constant x extension factor) cools down. During the equilibrium time the motor cannot be
restarted{’As soon as the temperature sinks below the restarting limit, the next restart attempt can be made.

Minimum Inhikit Time

Regardless of thermal replicas, some motor manufacturers require a minimum inhibit time after the maximum
number of permissible startup attempts has been exceeded.

The total duration of the inhibit signal depends on which of the times Ty, innibit OF Trestart IS ONgeET.
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2.8 Motor Protection

Total Time Treclose

The total waiting time Tgeqose DEfOre the motor can be restarted is therefore composed of the equilibrium timey
the time Tgegar Calculated from the thermal replica and the value that is needed to drop below the limit for re=
starting. If the calculated temperature rise of the rotor is above the restarting limit when the motor is shut déwn,
the minimum inhibit time will be started together with the equilibrium time.

Thus the total inhibit time Tgeq0se AN become equal to the minimum inhibit time if it is longer than the sum of
the two first mentioned times:

TRecIose = TEquaI + TRestart for TMin Inhibit < TEquaI + TRestart
TRreclose = T Min Inhibit for Tyin innibit = Tequal + Trestart If the calculated excesSive temperature > re-
starting limit

The operational measured value 809 Treose (VisSible in the thermal measured values) i the remaining time until
the next restart is permissible. When the rotor excessive temperature is below the festarting limit and thus the
next restarting attempt is permitted, the operational measured value for the waiting timéyhas reached zero.

Extension of Cool Down Time Constants

168

In order to properly account for the reduced heat exchange when a self-ventilated motor is stopped, the cool
down time constants can be increased relative to the time constants for a running machine with the factor Kt
at STOP (address 4308). The criterion for the motor stop is the undershooting of a set current threshold
BkrClosed I MIN. This understands that the motor idle clfrent is‘greater than this threshold. The pickup
threshold BkrClosed I MIN affects also the thermal overloadyprotective function (see Section 2.10).

While the motor is running, the heating of the thermal repliea isymedeled with the time constant t, calculated
from the motor ratings, and the cool down calculated withithe time constant t; - Kt at RUNNING (address
4309). In this way, the protection caters to the requiréments if* case of a slow cool down (slow temperature
equilibrium).

For calculation of the restarting time Tr.q.ithe following applies:

Ofre "Meoid

TresTART = K:atstop TR * INom [%} at Stop

cold
TresTART = K: at RUNNING * TRY |Nom[%} at Running

€O
with
K; at sTOP Extension factor for the time constant = Kt at STOP, address 4308
K: at RUNNING Exténsion factor for the time constant = Kt at RUNNING, address 4309
Opre thermal replica at the moment of motor shutdown (depending on operational condition)
TR Rotor time constant, calculated internally
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2.8 Motor Protection

Behavior in Case of Power Supply Failure

L 4

Emergency Start

If, for emergency reasons, motor starting that will exceed the maximum allowab rot@rature must take
place, the motor restart inhibit signal can be removed via a binary input (,,>66 e S “), thus allowing

a new starting attempt. The thermal rotor profile, however, continues to functio, maximum allowable

rotor temperature will be exceeded. No motor shutdown will be initiated by the tart inhibit, but the cal-
culated excessive temperature of the rotor can be observed for risk ass@

Blocking
If the motor restart inhibit function is blocked via binary input ,,>BLOC “ or switched off, the thermal replica
of the rotor overtemperature, the equilibrium time T Equal andthe‘minimum inhibit time T MIN. INHIBIT
are reset. Thus any blocking signal that is present or upcomi garded.
Via another binary input (,,>66 RM th.repl.“) the thermalyreplica can be reset independently. This may be
useful for testing and commissioning, and after a po voltage failure.

Logic \x
There is no pickup annunciation for the resta ibit and no trip log is produced. The following figure shows
the logic diagram for the restart inhibit. :

L 4 \< ’
L 4
SIPROTEC, 7SJ62/64, Manual 169

C53000-G1140-C207-2, Release date 01.2008



Functions

2.8 Motor Protection
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Figure 2-55 Lo r the restart inhibit
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2.8.2.2 Setting Notes

General

Restart inhibit is only effective and accessible if address 143 48 is set to Enabled. If not required,this function
is set to Disabled. The function can be turned ON or OFF under address 4301 FCT 66..

Note

When function settings of the motor restart inhibit are changed, the thermal replica ofgthis function is reset.

The motor restart inhibit acts on the starting process of a motor that is shut down /Awmotor is considered shut
down when its current consumption falls below the settable threshold 212 BkrCLesed I MIN. Therefore, this
threshold must be set lower than the motor idle current.

The motor restart inhibit concludes the condition ,warm motor" from thegthermalgeplica of the restart inhibit. For
this function, address 4301FCT 66 has to be enabled.

Additionally, the function can trip directly if the rotor temperature exceedsthe maximum admissible temperature
(100%). For this purpose address 4311 ROTOR OVERLOAD is Setto ON. If only monitoring is desired, set to
Alarm Only, otherwise to OFF.

Characteristic Values

Many of the variables needed to calculate the rotof'temperature are supplied by the motor manufacturer.
Among these variables are the starting current | gragqup, the nominal motor current ly,o1 nyow the maximum al-
lowable starting time T START MAX (address 4308), the number of allowable starts from cold conditions (n.q),
and the number of allowable starts fromaarm gonditions (nzm)-

The starting current is entered at addfess 4302 IStart/IMOTnom, expressed as a multiple of nominal motor
current. In contrast, the nominal metor eufrent is entered as a secondary value, directly in amperes, at address
4305 I MOTOR NOMINAL. The number ofwarm starts allowed is entered at address 4306 (MAX.WARM
STARTS) and the difference (#COED=#WARM) between the number of allowable cold and warm starts is entered
at address 4307.

For motors without separate ventilation, the reduced cooling at motor stop can be accounted for by entering
the factor Kt at STOP ataddress'4308. As soon as the current no longer exceeds the setting value entered
at address 212 BkrClosedyI MIN, motor standstill is detected and the time constant is increased by the ex-
tension factor configured:

If no difference betweenithie time constants is to be used (e.g. externally-ventilated motors), then the extension
factor Kt at STOP should be set to 1.

The coolingfwith’the motor running is influenced by the extension factor 4309 Kt at RUNNING. This factor
considers that motor running under load and a stopped motor do not cool down at the same speed. It becomes
effeCtive as,soon as the current exceeds the value set at address 212 BkrClosed I MIN. With Kt at
RUNNING = I'the heating and the cooling time constant are the same at operating conditions (I > BkrClosed
IQMIN).
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Example: Motor with the following data:

Rated Voltage

Nominal current

Startup current

Startup duration

Permitted starts with cold motor
Permitted starts with warm motor
Current transformer

The following settings are derived from these data:

lsTarRTUP “IMOTNom = T2 A ~ 499

IMoTNom = 200 A = 0.62 - IyomcTsec

The following settings are made:
IStart/IMOTnom=4.9

I MOTOR NOMINAL=0.6 A

T START MAX=8.5 s
MAX.WARM STARTS =2
#COLD - #WARM = 1

manufacturer, or by the user's requiy
a value has been chosen thatefle

during cool-down, espec
settings are recommend

For a proper functionin

Vyom = 6600 V
Inom =126 A
IstarTup = 624 A
TStart max. = 85s
Neold = 3

Nyarm = 2

200A/1A

e requirements also determine also the extension factor for the time constant
he motor stopped. Where no other specifications are made, the following
STOP =5 and Kt at RUNNING = 2.

o important that the CT values and the current threshold for distinction between
dress 212 BkrClosed I MIN, recommended setting = 0.1 Iyo1nom) have been

stopped and runningime
set correctly. An of parameters and their default settings is generally given in the setting tables.
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Temperature Behavior during Changing Operating States

erating areas will be discussed in the following paragraph. Settings indicated above are to be used pre

For a better understanding of the above considerations several possible operating ranges in two diff iHH

cold and 2 warm startup attempts have resulted in the restart limit reaching 66.7%. 0

A) Below the thermal restarting limit:

1. A normal startup brings the machine into a temperature range below the thermal restarting limit and the
machine is stopped. The stop launches the equilibrium time 4304 T Equal and generatesﬁe message
»,66 TRIP“. The equilibrium time expires and the message ,,66 TRIP“ is cleared, During the time T
Equal the thermal replica remains "frozen" (see Figure 2-56, on the left).

2. A normal startup brings the machine into a temperature range below the thNq ing limit, the
machine is stopped and is started by an emergency startup without waitin h uilibrium time to
expire. The equilibrium time is reset, the thermal replica is released and ,,66 “is reported as going
(see Figure 2-56, to the right). 0

Temperature
p.u.A
1.0
Example A.1 Example m
|
|
0.5 i Emergency Startup
|
b — l o — — o s ¢ em— ¢ em— ¢ em— —
05 ﬁ: | Restarting Limit
| |
| |
| |
: I =
0.4+ | I I
| | | [
| [
| | | [
| | | [
0.2 | I I [
| | | [
| | [
| I \ I [
L | B
0 >
i : P t
| | | [
| | | [
v C) : 5
| [
|
66 TRIP : H R
I I I 1 “t
| | | [
Current : : : :
| | [
I
|
BrkCl I
—_— ] N
1 | I " | =t
2- Startups according to examples A.1 and A.2
L 4
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B) Above the thermal restarting limit:

1.

A startup brings the machine from load operation into a temperature range far above the thermal restartin
limit and the machine is stopped. The minimum inhibit time and the equilibrium time are started and ,,60
TRIP“ is reported. The temperature cool-down below the restarting limit takes longer than 4310 an

MIN. INHIBIT and 4304 T Equal, so that the time passing until the temperature falls below the@
perature limit is the decisive factor for clearing the message ,,66 TRIP“. The thermal replica remains

zen" while the equilibrium time expires (see Figure 2-57, to the left).

A startup brings the machine from load operation into a temperature range just above the thermal restarting
limit and the machine is stopped. The minimum inhibit time and the equilibrium time are ted and ,,66

TRIP“ is reported. Although the temperature soon falls below the restarting limit, th |0%6 TRIP
is preserved until the equilibrium time and the minimum inhibit time have expired (se
right).

-57, to the

Temperature

p.u. A
Example A.1 Example A.2

[4304] T Equal
e
[4310] T MIN. INHIBIT

Figure 2-57 tarting up according to examples B.1 and B.2
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2.8.3 Load Jam Protection (51M)

The load jam protection serves to protect the motor during sudden rotor blocking. Damage to drives,
and other mechanic motor components can be avoided or reduced by means of quick motor shum

The blocking results in a current jump in the phases. This is detected by the function as a recogn teria.

The thermal overload protection would of course also pickup as soon as the configured threshold values of the
thermal replicas are exceeded. The load jam protection, however, is able to detect a locked rotorguicker, thus
reducing possible damage to the motor and powered equipment.

2.8.3.1 Mode of Operation &

Principle of Operation

Figure 2-58 illustrates the feature of an asynchronous cage motor. Nomina ntis flowing at normal load. If

have similar characteristics. Apart from the thermal heati
chanical strain on coils and bearings.

Current \
Torque
Stalling Torque r

Current

Stall Current [ S \

Nominal Torque

Nominal Current |

05 0 Slip

y
Figure 2-58 ieal characteristic of an asynchronous cage motor

%
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Logic

176

Figure 2-59 illustrates an example of a locked rotor caused by mechanical overload. It should be noted that the

current flow increases substantially as soon as the mechanical load reaches the stability limit. O
Exceeding of the
T Stalling Point
|
|
Speed : ¢
|
) \q ,

:
Mechanical |
Load :
Current - !

—
t
Figure 2-59 Example of the time characteristic for mechanical roto%?

A continuous comparison of the motor current with the co hold values of the protection function
takes place for the purpose of detecting a locked rotor. Fi hows the logic diagram. The threshold-
value comparison is blocked during the motor startup phase, as the startup currents usually move in a size

similar to the occurring currents when a rotor is locke

The algorithm verifies the motor standstill accarding ts and (if available) the message ,,>52-a“. As
: of motor standstill, the load jam protection is tempo-
Iring the motor startup phase.

one of the three phase currents exceeds the threshold set
ry signal ,>52-a“ is inactive. The ,,>52-a“ signal is only
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la Calculation of the I 4404 I I Alarm |
positive sequence T
b system I1

lc JI
| a Load Jam Alarm 0% AND 2
c la T 0
Ib! a

[4402 [ Load Jam I> |
[

[ALARM DELAY [4405]
[

(Load Jam pickup )
4
Load Jam I> JI

o AND
95 % AND
@

[ TRIP DELAY

Motor standstill og, start

Blocking logic - while motor standstill and
during motor start-up

[212 | BkrClosed | MIN
[

—Il ~ AND

Imax

T O

dstill

Blocking lengthening after motor

4601 ; : 5
l >52.3 | standstill during motor start-up
0" Bl not allocated CB open
e e o 4
O Measurement/Logic
10020 10021
I >BLOCK Load Jam (Load Jam BLOCK. )

[4401]Load Jam Prot.
; 10022
(Load Jam OFF )

| _OFF
A" ON J 10023
| Alarm Only AND Load Jam ACTIVE )
N,
Figure 2-60  Logic diagram of th protection

\
O
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2.8.3.2

Elements

Setting Notes

O

A warning and a tripping element can be configured. The threshold value of the tripping element 4402 I@
Jam I> is usually configured below motor startup at double motor ampere rating. Warning element 440
Alarm is naturally set below the tripping element, to approx. 75% of the tripping element, with a longer delay
time (parameter 4405 ALARM DELAY). If the warning element is not required, the pickup value can be setto

Motor Standstill and Motor Startup \

Motor Protection Example

178

its maximum value and the respective message from the buffers can be removed. :‘
i

Due to the threshold setting below the motor startup current, the load jam protection dur or startup must
be blocked. Via parameters 212 BkrClosed I MIN the open circuit breaker is detect ring current-flow
measurement (motor standstill). In this condition the load change protection is blocke er having closed the
circuit breaker, the blocking is maintained during motor startup by the setting 44 tart Blk..In order
to avoid malfunctioning, the T Start B1lk. is set to the double startup time.

stic. Such characteristic usually
for special motor malfunctions.

Figure 2-61 illustrates an example of a complete motor protectio
consists of different protection elements, and each element j
These are:
< Thermal overload protection: to avoid overheating of th e to inadmissible load
» Load jam protection: to prevent overheating and me mage due to a locked rotor
« Motor starting protection: protects the motor agai onged startup procedures and the consequent
thermal overload of the rotor

« Overcurrent and high-current elements: @ r shutdown due to electrical faults

N
>
$

L 4

Q
o
&

L 4
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Figure 2-61  Example of a comple @

N

Example:
Motor with the following data: @
Nominal voltage Q\O Viom = 6600 V

Nominal current Inom =126 A

Long-term curre% lmax = 135 A

Startup duration Tetartmax, = 85 S
Current transfofmer InomcTprim / INomcTsec = 200 A/ 1 A

The settin ress 4402 Load Jam I> as secondary value is calculated as follows:

_2.126
INom CTsec = 200

=126A

Ttﬂ tripping delay time can remain at the default setting of 1 s. The warning threshold is set to 75% of the trip-
ping element (4404 I Alarm=0.95 A sec.).

The tripping delay time can remain at the default setting of 2 s.

In order to block the function during motor startup, the parameter 4406 T Start B1Kk. is set to double startup
time (T Start Blk.=2.85s=175s).
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2.8.4 Motorprotection (Motor Starting Protection 48, Motor Restart Inhibit 66,
LoadJam) O
Functions relevant to Motor Protection and Restart Inhibit for Motors and Load Jam Protection are descti
in the aforegoing two sections and contain information concerning configuration.
2.8.4.1 Settings 4
The table indicates region-specific default settings. Column C (configuration) indicates c%vding sec-
ondary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting ments
4101 FCT 48/66 OFF OFF 6 Motor (Startup
ON onitor/Counter)
4102 STARTUP CURRENT | 1A 0.50..16.00 A 5.00 A artup Current
5A 2.50..80.00 A
4103 STARTUP TIME 1.0 .. 180.0 sec Startup Time
4104 LOCK ROTOR TIME 0.5 ..180.0 sec; « Permissible Locked Rotor
Time
4105 STARTUP T WARM 0.5..180.0 sec; Startup Time for warm
motor
4106 TEMP.COLD MOTOR 0 .. 80 %; « Temperature limit for cold
motor
4301 FCT 66 66 Startup Counter for
Motors
4302 IStart/IMOTnom | Start / | Motor nominal
4303 T START MAX . 10 sec Maximum Permissible
Starting Time
4304 T Equal .0 i 1.0 min Temperature Equalizaton
Time
4305 | MOTOR NOMINAL 1.00 A Rated Motor Current
..6.00 A 5.00 A
4306 MAX.WARM STARTS 2 Maximum Number of
Warm Starts
4307 #COLD-#WARM .2 1 Number of Cold Starts -
Warm Starts
4308 Kt at ST 0.2..100.0 5.0 Extension of Time Con-
stant at Stop
4309 Kt at RUN 0.2 ..100.0 2.0 Extension of Time Con-
stant at Running
4310 T MIN. INHIBIT 0.2 ..120.0 min 6.0 min Minimum Restart Inhibit
Time
4311 R OVERLOAD ON ON Rotor Overload Protection
OFF
Alarm Only
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Addr. Parameter C Setting Options Default Setting Comments
4401 Load Jam Prot. OFF OFF Load Jam Protectioh
ON
Alarm Only
4402 Load Jam I> 1A 0.50..12.00 A 2.00A Load Jam Trippihg
5A | 250..60.00 A 10.00 A Threshold
4403 TRIP DELAY 0.00 .. 600.00 sec 1.00 sec Load Jam Trip*Delay
4404 I Alarm 1A 0.50..12.00 A 1.80 A Load dam Alarm Thresh-
5A 2.50..60.00 A 9.00 A -
4405 ALARM DELAY 0.00 .. 600.00 sec 1.00 sec ead Jam Alarm Delay
4406 T Start Blk. 0.00 .. 600.00 sec 10.00 sec lkoad Jam Blocking after
motor start
2.8.4.2 Information List
No. Information Type of In- Comments
formation
4822 >BLOCK 66 SP >BLOEK Mator Startup counter
4823 >66 emer.start SP >Emergeney start
4824 66 OFF ouT 66 Motor start protection OFF
4825 66 BLOCKED ouT 66 Metor start protection BLOCKED
4826 66 ACTIVE OUT 66 Motor start protection ACTIVE
4827 66 TRIP ouT 66 Motor start protection TRIP
4828 >66 RM th.repl. SR >66 Reset thermal memory
4829 66 RM th.repl. ouT 66 Reset thermal memory
4834 66 OVERL. TRIP QuUT 66 Rotor overload TRIP
4835 66 OVERL.ALARM ouT 66 Rotor Overload Alarm
6801 >BLK START-SUP SP >BLOCK Startup Supervision
6805 >Rotor locked SP >Rotor locked
6811 START-SUP OFF ouT Startup supervision OFF
6812 START-SUP BLK ouT Startup supervision is BLOCKED
6813 START-SUP ACF ouT Startup supervision is ACTIVE
6821 START-SUP TRIP ouT Startup supervision TRIP
6822 Rotor locked ouT Rotor locked
6823 START-SURpuU ouT Startup supervision Pickup
10020 >BLOCKJam Prot SP >BLOCK Load Jam Protection
10021 JAM PROT.BLOCK. ouT Load Jam Protection is BLOCKED
10022 JAMPR@T.OFF ouT Load Jam Protection is OFF
10023 JAM PROT.ACTIVE ouT Load Jam Protection is ACTIVE
10024 Load Jam alarm ouT Load Jam Protection alarm
10025 Load Jam pickup ouT Load Jam Protection picked up
10026 Load Jam TRIP ouT Load Jam Protection TRIP
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2.9 Frequency Protection 81 O/U

The frequency protection function detects abnormally high and low frequencies in the system or in electrical
machines. If the frequency lies outside the allowable range, appropriate actions are initiated, such as load
shedding or separating a generator from the system.

Applications
» decrease in system frequency occurs when the system experiences an increase in the realpower demand,
or when a malfunction occurs with a generator governor or automatic generation contgol (AGE) system. The
frequency protection function is also used for generators which (for a certain time) operate towah island net-
work. This is due to the fact that the reverse power protection cannot operate in case@fadrive power failure.
The generator can be disconnected from the power system by means of the frequency decrease protection.

« increase in system frequency occurs e.g. when large blocks of load (island networtk) are removed from the
system, or again when a malfunction occurs with a generator governor. This éatails risk of self-excitation for
generators feeding long lines under no-load conditions.

29.1 Description

Detection of Frequency

The frequency is derived from the phase—-to—phase voltages, g applied to the device. If the amplitude of this
voltage is too low, one of the other phase—to—phase voltages is‘used instead.

Through the use of filters and repeated measurementS;ithe frequency evaluation is free from harmonic influ-
ences and very accurate.

Frequency Increase and Decrease

Frequency protection consists of four frequeney, elements. To make protection flexible for different power
system conditions, theses elements can'be Used alternatively for frequency decrease or increase separately,
and can be independently set to perform different control functions.

Operating Range

The frequency can be determined as long as in a three-phase voltage transformer connection the positive-se-
guence system of the voltages, oralternatively, in a single-phase voltage transformer connection, the respec-
tive voltage is present afnd of sufficient magnitude. If the measured voltage sinks below a set value Vmin, the
frequency protection is'blocked, because no precise frequency values can be calculated from the signal.

Time Delays / Logic

Each frequengy element has an associated settable time delay. When the time delay elapses, a trip signal is
generated. When& frequency element drops out, the tripping command is immediately terminated, but not
before the minimum command duration has elapsed.

Each of the four frequency elements can be blocked individually via binary inputs.
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The following figure shows the logic diagram for the frequency protection function.

[5415] DO differential
[

[
5403 |81-1 PICKUP

for fNom = 50 Hz

5404 | 81-1 PICKUP

for fNom = 60 Hz

|5405]81-1 DELAY
I

[ >BLoCK 81-4

| 5421 |[FcT81-1 0L

, 5236
f calculated J‘T -g -|I7L0| (84-1TRIP
— | < TC ANAAALLAL.
1> | N
[5402 ] Vmin ||| =~ T
Reset H : : 5214
V4| V1 <Vmin —s = (81UnderVBKk )
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E or U1
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[ >BLOCK 81-1 h
[l
5207 i
[ >BLoCK 81-2 . [OFF Ll
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|
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2.9.2 Setting Notes

General

Frequency protection is only in effect and accessible if address 154 81 0/U is set to Enabled during config-
uration of protective functions. If the fuction is not required Disabled is set. The function can be turned ONwon
OFF under address 5401 FCT 81 0/U.

By setting the parameters 5421 bis 5424, the function of each of the elements 81-1 PICKUP to 81-4 PICKUP
is set individually as overfrequency or underfrequency protection or set to OFF, if the element#i$ not required.

Minimum Voltage

Address 5402 Vmin is used to set the minimum voltage. Frequency protection is blocked as'soon as the
minimum voltage is undershot.

On all three-phase connections and single-phase connections of a phase-to-phaseyoltage, the threshold must
be set as a phase-to-phase value. With a single-phase phase-to-ground copfnection the threshold is set as a
phase-to-ground voltage.

Pickup Values

The setting as overfrequency or underfrequency element does not depend on the parameterization of the
threshold values of the respective element. An element can also fuhetion, for example, as an overfrequency
element if its threshold value is set below the nominal frequéncy and vice versa.

If frequency protection is used for load shedding purposés, the setting values depend on the actual power
system conditions. Normally, a graded load shedding iswrequired that takes into account the importance of the
consumers or consumer groups.

Further application examples exist in the fieldf power stations. Here too, the frequency values to be set mainly
depend on the specifications of the power system# power station operator. The underfrequency protection safe-
guards the power station's own demand by‘disconnecting it from the power system on time. The turbo governor
regulates the machine set to the nominal speedi€onsequently, the station's own demands can be continuously
supplied at nominal frequency.

Under the assumption that the appafent power is reduced by the same degree, turbine-driven generators can,
as a rule, be continuously opetatedidown 1o 95% of the nominal frequency. However, for inductive consumers,
the frequency reduction not only means an increased current input, but also endangers stable operation. For
this reason, only a short-term4requeney reduction down to about 48 Hz (for f = 50 Hz) or 58 Hz (for fy, = 60 Hz)
is permissible.

A frequency increase can, fopexample, occur due to a load shedding or malfunction of the speed regulation
(e.g. in an island network). In/this way, the frequency increase protection can, for example, be used as over-
speed protection.

Dropout Thresholds

The dropaut threghold is defined via the adjustable dropout-difference address 5415 DO differential. It
can thus be adjusted to the network conditions. The dropout difference is the absolute-value difference
between pickup threshold and dropout threshold. The default value of 0.02 Hz can usually remain. Should,
however, frequent minor frequency fluctuations be expected, this value should be increased.

Time Delays

The delay times 81-1 DELAY to 81-4 DELAY (addresses 5405, 5408, 5411 and 5414) allow the frequency
elements to be graded, e.g. for load shedding equipment. The set times are additional delay times not including
the operating times (measuring time, dropout time) of the protection function.
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2.9.3  Settings
Addresses which have an appended "A" can only be changed with DIGSI, under "Display Additional .
Addr. Parameter Setting Options Default Setting Comment
5401 FCT 81 O/U OFF OFF 81 Over/Under Frequency Protec-
ON tion
5402 Vmin 10..150V 65V Minimum required vo#age for op-
eration
5403 81-1 PICKUP 40.00 .. 60.00 Hz 49.50 Hz 81-1
5404 81-1 PICKUP 50.00 .. 70.00 Hz 59.50 Hz 81
5405 81-1 DELAY 0.00 .. 100.00 sec; » 60.00 sec
5406 81-2 PICKUP 40.00 .. 60.00 Hz 49.00 Hz ickup
5407 81-2 PICKUP 50.00 .. 70.00 Hz 59.00 Hz 81-2 Pickup
5408 81-2 DELAY 0.00 .. 100.00 sec; o« 30.00 sec 81-2 Time Delay
5409 81-3 PICKUP 40.00 .. 60.00 Hz 81-3 Pickup
5410 81-3 PICKUP 50.00 .. 70.00 Hz 81-3 Pickup
5411 81-3 DELAY 0.00 .. 100.00 sec; » 81-3 Time delay
5412 81-4 PICKUP 40.00 .. 60.00 Hz 81-4 Pickup
5413 81-4 PICKUP 50.00 .. 70.00 Hz Hz 81-4 Pickup
5414 81-4 DELAY 0.00 .. 100.00 sec; .00 sec 81-4 Time delay
5415A DO differential 0.02..1.00H 0.02 Hz Dropout differential
5421 FCT 81-1 O/U OFF 81-1 Over/Under Frequency Pro-
ON f> tection
ON f<
5422 FCT 81-2 O/U OFF OFF 81-2 Over/Under Frequency Pro-
ON f> tection
5423 FCT 81-3 O/U OFF 81-3 Over/Under Frequency Pro-
tection
5424 FCT 81-4 O/U OFF 81-4 Over/Under Frequency Pro-
tection
L 4
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2.9.4 Information List

No. Information Type of In- Comments
formation
5203 >BLOCK 810/U SP >BLOCK 810/U
5206 >BLOCK 81-1 SP >BLOCK 81-1
5207 >BLOCK 81-2 SP >BLOCK 81-2 ®
5208 >BLOCK 81-3 SP >BLOCK 81-3
5209 >BLOCK 81-4 SP >BLOCK 81-4
5211 81 OFF ouT 81 OFF
5212 81 BLOCKED ouT 81 BLOCKED
5213 81 ACTIVE ouT 81 ACTIVE
5214 81 Under V Blk ouT 81 Under Voltage Block
5232 81-1 picked up ouT 81-1 picked up
5233 81-2 picked up ouT 81-2 picked up
5234 81-3 picked up ouT 81-3 picked up
5235 81-4 picked up ouT 81-4 picked up
5236 81-1 TRIP ouT 81-1 TRIP
5237 81-2 TRIP ouT 81-2 TRIP
5238 81-3 TRIP ouT 81-3 TRIP
5239 81-4 TRIP ouT 81-4 TR

L 4

>
N
N

Q
o
&

L 4
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2.10 Thermal Overload Protection 49

The thermal overload protection is designed to prevent thermal overloads from damaging the prote

ment. The protection function represents a thermal replica of the equipment to be protected (ovefload protec-

tion with memory capability). Both the previous history of an overload and the heat loss to the envi

taken into account.

Applications

L 4
 In particular, the thermal overload protection allows the thermal status of motars, @rs and transform-

ers to be monitored.

perature into account.

« If an additional thermal input is available, the thermal replica may take the % ient or coolant tem-

2.10.1 Description

Thermal Replica

N

The device calculates the overtemperature in accordance single-body thermal replica, based on the fol-
lowing differential equation:

de

with

Tth

®Nom

N
.10 L (Vo) K
Loy

Present overtenN lated to the final overtemperature at maximum allowed phase
current K - Iy,

Thermal ti

Present r.mis value of phase current

k—fﬂ\aﬂng the maximum permissible constant phase current referred to the nominal
entof

t of the protected object's heating

—

the protected object

XCurrent of protected object

Measured ambient temperature or coolant temperature

Temperature at object nominal current

If the ambient or coolant temperature is not measured, a constant value of ®, = 40°C is assumed so that ®,' = 0.
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The protection feature therefore represents a thermal replica of the equipment to be protected (overload pro-
tection with memory capability). Both the previous history of an overload and the heat loss to the environment
are taken into account.

When the calculated overtemperature reaches the first settable threshold 49 ® ALARM, an alarm annuncijation
is issued, e.g. to allow time for the load reduction measures to take place. When the calculated overtempera-
ture reaches the second threshold, the protected equipment may be disconnected from the system. The
highest overtemperature calculated from the three phase currents is used as the criterion.

The maximum thermally-permissible continuous current |, is described as a multiple of the object nominal
current Iyom op;.:

Imax =k- INom Obj.

In addition to the k factor (parameter 49 K-FACTOR), the TIME CONSTANT t,, and th¢ alarm,temperature 49
©® ALARM (in percent of the trip temperature ®g;p) Must be specified.

Overload protection also features a current warning element (I ALARM) in additien to thetemperature warning
element. The current warning element may report an overload current prematurelyheven if the calculated op-
erating temperature has not yet attained the warning or tripping levels.

Coolant Temperature (Ambient Temperature)

The device can account for external temperatures. Depending on tRe type of application, this may be a coolant
or ambient temperature. The temperature can be measurediVia,a_temperature detection unit (RTD-box). For
this purpose, the required temperature detector is connected toidetector input 1 of the first RTD-box (corre-
sponds to RTD 1). If incorrect temperature values are measured orithere are disturbances between the RTD-
box and the device, an alarm will be issued and the standard temperature of ®, = 40 °C is used for calculation
with the ambient temperature detection simply being igaored

When detecting the coolant temperature, the maximum'permissible current I, is influenced by the tempera-
ture difference of the coolant (in comparison with the standard value = 104° F or 40° C). If the ambient or coolant
temperature is low, the protected object can'support a higher current than it does when the temperature is high.

Extension of Time Constants

When using the device to protect maotors, thevarying thermal response at standstill or during rotation may be
correctly evaluated. When running [down«r at standstill, a motor without external cooling looses heat more
slowly, and a longer thermal timg, constant must be used for calculation. For a motor that is switched off, the
75J62/64 increases the time cohstant t , by a programmable factor (kz factor). The motor is considered to be
off when the motor currents,drap.below a programmable minimum current setting BkrClosed I MIN (refer
to "Current Flow Monitoring™in Section 2.1.3). For externally-cooled motors, cables and transformers, the Kt -
FACTOR = 1.

Current Limiting

In order to@nsuregthatoverload protection, on occurrence of high fault currents (and with small time constants),
does natresulfin extremely short tripping times thereby perhaps affecting time grading of the short circuit pro-
tection, thethermal replica is frozen (kept constant) as soon as the current exceeds the threshold value 1107
I MOTOR START.
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Blocking

perature value is thus reset to zero. The same is accomplished via the binary input (,,>BLOCK 49 0

The thermal memory may be reset via a binary input (,>RES 49 Image*) and the current-related 0""
this case the entire overload protection is blocked completely, including the current warning elem

When motors must be started for emergency reasons, temperatures above the maximum permissi rtem-
peratures can be allowed by blocking the trip signal via a binary input (,,>EmergencyStart®). Since the
thermal replica may have exceeded the tripping temperature after initiation and dropout of the binary input has
taken place, the protection function features a programmable run-on time interval (T EMERGENCY) which is
started when the binary input drops out and continues suppressing a trip signal. Trip ia the overload pro-
tection is suppressed until this time interval has elapsed. The binary input affects tripcommand. There
is no effect on the trip log nor does the thermal replica reset.

Behavior in Case of Power Supply Failure @

Depending on the setting in address 235 ATEX100 of Power System D (see Section 2.1.3) the value of

the thermal replica is either reset to zero (ATEX100 = NO) if the power, age fails, or cyclically buffered
in a non-volatile memory (ATEX100 = YES) so that it is maintained e event of auxiliary supply voltage fail-
ure. In the latter case, the thermal replica uses the stored value | tion and matches it to the operating
conditions. The first option is the default setting (see /5/).

The following figure shows the logic diagram for the overlo tection function.
L 4 \< ’

L 4
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Figure 2-63 Logic diagram of the overload protection
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General

2.10 Thermal Overload Protection 49

Setting Notes

The overload protection is only in effect and accessible if address 142 49 = No ambient temp or =With
amb. temp. during configuration. If the function is not required Disabled is set.

Transformers and cable are prone to damage by overloads that last for an extended period of time. Overloads
cannot and should not be detected by fault protection. Time overcurrent protection should be set‘high enough
to only detect faults since these must be cleared in a short time. Short time delays, hgWever, do neither allow
measures to discharge overloaded equipment nor do they permit to take advantage ofits (limited) overload ca-

pacity.
The protective relays 7SJ62/64 feature a thermal overload protective function/with aithermal tripping curve

which may be adapted to the overload tolerance of the equipment being pretected (overload protection with
memory capability).

Overload protection can be switched ON or OFF or set to Alarm OnLysat address 4201 FCT 49. If overload
protection is ON, tripping, trip log and fault recording is possible.

When setting Alarm Only no trip command is given, no trip log'iShinitiated and no spontaneous fault annun-
ciation is shown on the display.

Note

Changing the function parameters resets the thermalgeplica. The thermal model is frozen (kept constant), as
soon as the current exceeds the setting value 1102 T4MOTOR START.

Overload Parameter k-factor

The overload protection is set in referépcevalues. The nominal current Iyqny op;. Of the protected object (motor,
transformer, cable) is used as the basic current for overload protection. By means of the thermal consistently
permissible current | ..., a factor ke, Canybe calculated:

prim —

max prim

k Fo——
Nom Obj.

The thermally-pérmissible continuous current for the equipment being protected is known from the manufac-
turers specifications. This function is normally not applicable to overhead lines since the current capability of
overhead lines s generally not specified. For cables, the permissible continuous current is dependent on the
crossésectiony insulating material, design, and the cable routing, among other things. It may be taken from per-
tinght tables, or'is specified by the cable manufacturer. If no specifications are available, a value of 1.1 times
the nominal current rating may be assumed.
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For the 49 K-FACTOR to be set in the device the following applies (address 4202)

[ o .
Set Value K-FACTOR k = maxprim _Nom Obj
INom Obj. INom CT prim

with L 4

| Permissible thermal primary current of the motor

max prim %
INom Obj, Nominal current of the protected object \

INom CT prim Nominal primary CT current @
Example: Motor and current transformer with the following data: 0

Permissible Continuous Current Imax prim = 1.2+ Inom obj,
Nominal Motor Current Inom obj, = 1100 A
Current Transformer 1200A/1A
. 1100 A _
Set Value K-FACTOR: 12. T500A 1.1 K\
Time Constant @
The overload protection tracks overtempera gression, employing a thermal differential equation whose

e TIME CONSTANT 1, (set at address 4203) is used in the
erature and thus, the tripping temperature.

steady state solution is an exponential fu
calculation to determine the threshold of overte

vironment. If no time-constant specifical vailable, it may be determined from the short-term load capa-

aximum current permissible for a one-second period of time, is
K 2
Set Value 1y, (min) @ c )

, the time constant may be calculated with the formula:
ax prim

r ability is given for an interval other than one second, the corresponding short-term
n above formula instead of the 1-second current, and the result is multiplied by the given

le, if the 0.5-second current rating is known:

| 2
et Valué&t,, (min) = 0.5 ( 0.5 sec )

60 Mipax prim

It is important to note, however, that the longer the effective duration, the less accurate the result.
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Example: Cable and current transformer with the following data:
Permissible Continuous Current 1., =500 Aat®,=40°C
Maximum Current for 1 s l1s =45 |0 = 22.5 KA
Current Transformer 600 A/1A

Example: Cable and current transformer with the following data:

Thus results:

Imax 500 A

K = 600 A

= 0.833

INom CT prim

[, N2
Ty = 61( 18) .61_0.452=33.75min

Ol

The settings are: 49 K-FACTOR = 0.83; TIME CONSTANT, =\33.7Z*min

Warning Elements

By setting the thermal warning element 49 ® ALARM (adress 4204), a warning message can be issued before
reaching the tripping temperature. Tripping can thusybe avoided by initiating early load reduction measures.
This warning element simultaneously represefits the dropout level for the trip signal. Only when this threshold
is undershot, will the tripping commandbe,reset and the protected equipment can be switched on again.

The thermal element level is given il % ofghe tripping overtemperature.

A current warning level is also available (parameter 4205 I ALARM). The setting is in secondary amperes and
should be equal to or slightly less than the,permissible currentk Iy 4 .. It can be used instead of the thermal
warning element by setting the thermabwarning element to 100 % thus virtually disabling it

Extension of Time Constants

TIME CONSTANT set i address 4203 is valid for a running motor. When a motor without external cooling is
running down or atstandstill, the motor cools down more slowly. This behavior can be modeled by increasing
the time constant by faetor Kt- FACTOR, set at address 4207. Motor stop is detected if the current falls below
the threshold value BkrClosed I MIN of the current flow monitoring (see side title "Current Flow Monitoring"
in Subsection 2.13.2), This understands that the motor idle current is greater than this threshold. The pickup
threshold BkrGIosed I MIN affects also the following protection functions: voltage protection and restart
inhibiter metors;

If no differentiation of the time constants is necessary (e.g. externally-cooled motors, cables, lines, etc.) the Kz -
FACTOR is set at 7 (default setting value).

Dropout Time after Emergency Starting

The dropout time to be entered at address 4208 T EMERGENCY must ensure that after an emergency startup
and after dropout of the binary input ,>EmergencyStart* the trip command is blocked until the thermal
replica is below the dropout threshold again.
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Ambient or Coolant Temperature

194

perature, however, can also be processed. This has to be communicated to the device as digitalized measure

The specifications made up to now are sufficient to model the overtemperature. The ambient or coolant temO
value via the interface. During configuration, parameter 142 49 must be setto With amb. temp.. Q
r

If the ambient temperature detection is used, the user must be aware that the 49 K-FACTOR to be set
to an ambient temperature of 104° F or 40° C, i.e. it corresponds to the maximum permissible current at a tem-
perature of 104° F or 40° C. .

Since all calculations are performed with standardized quantities, the ambient temperature also be stan-
dardized. The temperature at nominal current is used as standardized quantity. If the n in%t deviates
from the nominal CT current, the temperature must be adapted according to the formula Wi n address
4209 or 4210 49 TEMP. RISE I the temperature adapted to the nominal transfor r is set. This
setting value is used as standardization quantity for the ambient temperature input. ’m

o7 0’
— Nom prim CT
ONom sec = ©Nom Mach - (I—)
Nom Mach

with
Onomsec Machine temperatur at secondary nominal etting at the protection device (address
4209 or 4210) &l
WQ

Onom Mach Machine temperature at nominal machi

INom cT prim Nominal primary CT current

I nom Mach Nominal current of the machi @

If the temperature input is used, the tripping change if the coolant temperature deviates from the internal
reference temperature of 104° F or 40° h

with

Tih @ONSTANT (address 4203)
k K-FACTOR (address 4202)
Inom ominal device current in A

F

ault current through phase in A

Prefault current

IPre .
-0 Coolant temperature input in °C with t=0
No Temperature at nominal current Iy, (address 4209 49 TEMP. RISE I)
v Coolant temperature input (scaling with address 4209 or 4210)
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Example:

Machine: lyom mach = 483 A

I max Mach=1-15 Iyom at @, =40 °C O
Onom mach = 93 °C Temperature at lyom mach 0

T4, = 600 s (thermal time constant of the machine)

Current transformer: 500 A/ 1 A @
K-FACTOR = 1.15 - gg%ﬁ ~111  (to be set in address 4202) \

5 .
_93°C. (ﬂg) ~100 °C (to be set in address 4209 0

48 or 4210 49 TEMP. RISEQ
Motor Starting Recognition @

The motor starting is detected when setting I MOTOR,START, at'address 1107 is exceeded. Information on
how to perform the configuration is given under "Rec i Running Condition (only for motors)" in

Subsection2.1.3.2. \

>
\\\O
O

<<>Q’

L 4

9 Nom sec
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2.10.3 Settings
Addresses which have an appended "A" can only be changed with DIGSI, under "Display Additional Setting
The table indicates region-specific default settings. Column C (configuration) indicates the correspondin@
ondary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting Comments
4201 FCT 49 OFF OFF 49 Thermal.overload pro-
ON tection
Alarm Only
4202 49 K-FACTOR 0.10 .. 4.00 1.10 49 k
4203 TIME CONSTANT 1.0.. 999.9 min 100.0 min
4204 49 © ALARM 50 .. 100 % 90 % ermal Alarm Stage
4205 | ALARM 1A 0.10..4.00 A 1.00 A ent Overload Alarm
5A  |0.50..20.00 A 5.00 A etpoint
4207A Kt-FACTOR 1.0..10.0 Kt-FACTOR when motor
stops
4208A T EMERGENCY 10 .. 15000 sec Emergency time
4209 49 TEMP. RISE | 40 .. 200 °C 49 Temperature rise at
rated sec. curr.
4210 49 TEMP. RISE | 104 .. 392 °F 49 Temperature rise at
rated sec. curr.
2.10.4 Information List
No. Information Comments
1503 >BLOCK 49 O/L >BLOCK 49 Overload Protection
1507 >EmergencyStart >Emergency start of motors
1511 49 O/L OFF 49 Overload Protection is OFF
1512 49 O/L BLOCK 49 Overload Protection is BLOCKED
1513 49 O/L ACTIVE 49 Overload Protection is ACTIVE
1515 49 O/L | Alarm Q ouT 49 Overload Current Alarm (I alarm)
1516 49 O/L ® Alarm - ouT 49 Overload Alarm! Near Thermal Trip
1517 49 Winding @ ouT 49 Winding Overload
1521 49 Th O/ ouT 49 Thermal Overload TRIP
1580 >RES 4 SP >49 Reset of Thermal Overload Image
1581 49 Image ouT 49 Thermal Overload Image reset
L 4
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2.11 Monitoring Functions

Monitoring Functions

The device is equipped with extensive monitoring capabilities - both for hardware and software. In additien, the
measured values are also constantly monitored for plausibility, therefore, the current transformer/and veltage
transformer circuits are largely integrated into the monitoring.

Measurement Supervision

General
The device monitoring extends from the measuring inputs to the binary outputs. Menitoring checks the hard-
ware for malfunctions and impermissible conditions.

Hardware and software monitoring described in the following are enabledieontinuously. Settings (including the
possibility to activate and deactivate the monitoring function) refer to'the monitoring of external transformer cir-
cuits.

Hardware Monitoring

Auxiliary and Reference Voltages

The processor voltage of 5 V DC is monitored by thethardware since the processor will no longer be functional
if the voltage falls below the minimum value. In thaticase, the device is put out of operation. When the supply
voltage returns, the processor system isifestarted.

Failure of or switching off the supply«eltagé removes the device from operation and a message is immediately
generated by a normally closed contact: Brief auxiliary voltage interruptions of less than 50 ms do not disturb
the readiness of the device (for nominahauxiliary voltage > 110 VDC).

The processor monitors the offset afd'reference voltage of the ADC (analog-digital converter). The protection
is suspended if the voltages deviate,outside an allowable range, and lengthy deviations are reported.

Buffer Battery

The buffer battery;which%ensures operation of the internal clock and storage of counters and messages if the
auxiliary voltage fails, i§yperiodically checked for charge status. If it is less than an allowed minimum voltage,
then the ,,Fail{ Battery“ message is issued.

Memory Components

S€anning

Alliworkingimemories (RAMSs) are checked during startup. If a malfunction occurs then, the starting sequence
i intefrupted and an LED blinks. During operation the memories are checked with the help of their checksum.
Forthe program memory, the cross sum is formed cyclically and compared to the stored program cross sum.

For the settings memory, the cross sum is formed cyclically and compared to the cross sum that is freshly gen-
erated each time a setting process takes place.

If a fault occurs the processor system is restarted.

Scanning and the synchronization between the internal buffer components are constantly monitored. If any de-
viations cannot be removed by renewed synchronization, then the processor system is restarted.
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Measurement Value Acquisition — Currents

The monitoring of the device-internal measured-value acquisition of the currents can be effected via the curre
sum monitoring.

Up to four input currents are measured by the device. If the three phase currents and the ground current from
the current transformer starpoint are connected with the device, the sum of the four digitized currents mu

zero. This also applies in the event of a possible transformer saturation. For that reason — in order to eliminate
pickup upon transformer saturation — this function is only available in a Holmgreen-connection (see aIs%
2.1.3.2). Faults in the current circuits are recognized if

lp=|ia+ig+ic+iy|>% I THRESHOLD - Iy, +% I FACTOR -1l \%

> I THRESHOLD8106 andX I FACTOR 8107 are programmable settings. The co
Imax takes into account the permissible current proportional ratio errors of the inp

I FACTOR -
er which are par-

ticularly prevalent during large short-circuit currents (Figure 2-64). The dropoutsatio i out 97%.
1F
INom
S

S I THRESHOLD H Q

Figure 2-64  Current Sum Nom\l@
An error in the current su@ the message ,Failure = I“ (No.162)and blocking of the protection
It

function. Furthermore, initiated for a period of 100 ms.

The monitoring can be switched off.

The monitoring is able subject to the following conditions:
nts are connected to the device (address 251 A, B, C, (Gnd))

t of the current transformer starpoint is connected to the fourth current input (1)
ection). This is communicated to the device in the Power System Data 1 via address

* The fourth current input is normally designed for a | ,—transformer. In case of a sensitive transformer type,
this manitoring is not available.

*QThe settings CT PRIMARY (address 204) and Ignd-CT PRIM (address 217) must be the same.
e settings CT SECONDARY (address 205) and Ignd-CT SEC (address 218) must be the same.
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The following logic diagram illustrates the operational mode of the current sum monitoring.

IF c
> 1 THRESHOLD * Inom + X I FACTOR * Imax a>b
| Overflow A/D transformer 162
/ .
[Refay in Pickup AND (Failure 1, )
4 k.Prot.Device

[8109| FAST = i MONIT -
(Gt

I 14 = Sensitive The function ,Fast current %ﬂg” is not
[251 [CT Connect. active and not availabl
A, B, C, (Gnd)
A* " A,G2,C,G; G->B —]
LA,G2,C,G; G2->B OR

[280 |Holmgr. for Xi 1
19 NO
~— YES
Figure 2-65  Logic Diagram of the fast current sum monitori\
AD Transformer Monitoring K

The digitized sampled values are bei
message 181 ,,Error A/D-conv.
Furthermore, a fault record is ge

o
O
N

O
Q>®

L 4

T Q

| ON
Z— OFF

ito respect of their plausibility. If the result is not plausible,
=d. The protection is blocked, thus preventing unwanted operation.
recording of the internal fault.

or
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2.11.1.3

211.1.4

Watchdog

Monitoring of the Hardware Modules

The device is able to recognize location and malfunctions of hardware modules during operation. In the event
of a fault, messages ,,Error Board 1% (FNo. 183)to ,Error Board 7% (FNo. 189) are initiated. The
module number corresponds to the address number (e.g. ,Error Board 3“ =address 3 = C-1/O11). F@r the
assignment of addresses to modules as well as slot positions of the modules in the device, please refer to the
following table.

Table 2-12 Assignment of the Addresses to the Slot Positions in the Device (view of the gpen housing)
Device | Housing Module Slot Position
1/5 1/19 1133 /5 /19 11/33
75362 1/3 A-CPU |A-1/O02
Addr. 1
753640 |1/3 C-CPU2 [C-l/O11
Addr. 3
753641  |1/2 C-CPU2 |C-l/O1 C-l/011
Addr. 5 Addr. 3
7SJ642 |1/2 C-CPU2 |B-I/02 C-1/011
Addr. 5 Addr. 3
7SJ645 |11 C-CPU2 B-1/02 B-1/02 c-l/lonn
Addr. 5 Addr. 6 Addr. 3
7SJ647 |11 C-CPU2 B-1/02 C-1104 B-1/02 C-l/lo1n
Addr. 5 Addr. 7 Addr. 6 Addr. 3

Software Monitoring

For continuous monitoring of the program sequences, a time monitor is provided in the hardware (hardware
watchdog) that expires upon failure of the precessor or an internal program, and causes a complete restart of
the processor system.

An additional software watchdog ensuresithat malfunctions during the processing of programs are discovered.
This also initiates a restart of théyprocessor system.

If such a malfunction is net cleared by the restart, an additional restart attempt is begun. After three unsuccess-
ful restarts within a 30 second,windew of time, the device automatically removes itself from service and the red
.Error LED lights up. The readiness relay drops out and indicates ,device malfunction” with its normally closed
contact.

Offset Monitoring

200

This monitoring funetion checks all ring buffer data channels for corrupt offset replication of the analog/digital
transformers and the analog input paths using offset filters. Any possible offset errors are detected using DC
voltage filtergand the associated samples are corrected up to a specific limit. If this limit is exceeded, an an-
nunciation is issued (191 ,,Error Offset®) thatis part of the warn group annunciation (annunciation 160).
As increased offset values affect the reliability of measurements taken, we recommend to send the device to
the OEM plant for corrective action if this annunciation continuously occurs.
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2.11.1.5 Monitoring of the Transformer Circuits

Interruptions or short circuits in the secondary circuits of the current and voltage transformers, as well as faults
in the connections (important for commissioning!), are detected and reported by the device. The measured
quantities are cyclically checked in the background for this purpose, as long as no system fault is\present.

Current Symmetry

During normal system operation, a certain symmetry among the input currents is expected. The monitoring of
the measured values in the device checks this balance. The smallest phase current is compared to the largest
phase current. Asymmetry is detected if | Imin | /| Imax | <BAL. FACTOR I aslongas Imax/ |y, > BALANCE

I LIMIT/ g,

Thereby Imax is the largest of the three phase currents and Imin the smallest®The symmetry factor BAL.
FACTOR I (address 8105) represents the allowable asymmetry of the phase,currénts while the limit value
8105 (address 8104) is the lower limit of the operating range of this monitering (See Figure 2-66). Both param-
eters can be set. The dropout ratio is about 97%.

This malfunction is reported as ,Fail I balance®.

Imin

IN
om Slepe:
I BAL. FAGTORI |

Imax
INom

[BACANCETLIMIT |

Figure 2-66 Current symmetry monitoring

Voltage Symmetry

During,normal system operation (i.e. the absence of a fault), balance among the input voltages is expected.
Becausetthe phase-to-phase voltages are insensitive to ground connections, the phase-to-phase voltages are
used for balamce monitoring. If the device is connected to the phase-to-ground voltages, then the phase-to-
phase voltages are calculated accordingly, whereas if the device is connected to phase-to-phase voltages and
the displacement voltage, then the third phase-to-phase voltage is calculated accordingly. Whereas if the
device is connected to phase-to-phase voltages and the displacement voltage V, then the third phase-to-
phase voltage is calculated accordingly. From the phase-to-phase voltages, the device generates the rectified
average values and checks the balance of their absolute values. The smallest phase voltage is compared with
the largest phase voltage. Imbalance is recognized if:
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| Vinin 1/ | Vimax | <BAL. FACTOR V aslong as | V. | > BALANCE V-LIMIT. Where V., is the highest of the
three voltages and V,;;, the smallest. The symmetry factor BAL. FACTOR V (address 8103) represents the
allowable asymmetry of the conductor voltages while the limit value BALANCE V-LIMIT (address 8102)isthe
lower limit of the operating range of this monitoring (see Figure 2-67). Both parameters can be set. The dropeut
ratio is about 97%.

This malfunction is reported as ,Fail V balance®.

Vmin

v
Slope:
I BAL.FACTORV |

[BALANCE V-LIMIT | _, Vmax

Figure 2-67  Voltage symmetry monitoring

Phase Sequence of Voltage and Current

202

To detect swapped phase connections in the,voltage and current input circuits, the phase sequence of the
phase-to-phase measured voltages and the phase currents are checked by monitoring the sequence of same
polarity zero transitions of the voltages

Direction measurement with normal#/oltagesypath selection for fault location, and negative sequence detection
all assume a phase sequenceyof "abc". Phase rotation of measurement quantities is checked by verifying the
phase sequences. For that purpose, the phase-sequence monitoring uses the phase-to-phase voltages Vg,
VBC* VCA'

Voltages: Vg before Vg before Ve, and

Currents: 1, beforelg beforel .

Verification of the yoltage phase rotation is done when each measured voltage is at least
[Vagl: [Vech [Veal >40:V.

Verification offthe current phase rotation is done when each measured current is at least:

ILal, 111, [Tehz 045 Tnom:

For abnormal phase sequences, the messages ,Fail Ph. Seq. V“or ,Fail Ph. Seq. I“ areissued,
along with the switching of this message ,,Fail Ph. Seq.*“.

For applications in which an opposite phase sequence is expected, the protective relay should be adjusted via
anbinary input or the respective parameterPHASE SEQ. (address 209). If the phase sequence is changed in
the relay, phases B and C internal to the relay are reversed, and the positive and negative sequence currents
are thereby exchanged (see also Section 2.21.2). The phase-related messages, malfunction values, and mea-
sured values are not affected by this.
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2.11.1.6 Measurement Voltage Failure Detection

Requirements

The measurement voltage failure detection function, refered to as ,Fuse Failure Monitor* (FFM), only operates
under the following condition:

* Three phase-to-ground voltages are connected; with phase-to-phase voltages and V, or single-phase con-
nection, the function is disabled.

Purpose of the Fuse Failure Monitor

In case of a measuring voltage failure caused by a fault or a broken wire in the y@ltage transformer secondary
system, a zero voltage can be simulated to individual measuring loops. The displacement voltage element of
the sensitive ground fault detection, the directional overcurrent protection, the voltage-controlled inverse time
non-directional overcurrent protection, the undervoltage protection and the synchronization function in the
7SJ64 can thereby acquire incorrect measuring results.

Of course, supervision of the miniature circuit breaker and the FusétRailure"Monitor can be used at the same
time.

Mode of Operation - Grounded System

The device is informed of the application of the FFM in‘aygrounded system via address 5301 FUSE FAIL MON.
Solid grounded.

Note

On systems where the ground fault current is Mery'Small or absent (e.g. ungrounded supply transformers), fuse
failure monitoring must be disabled or sette Coil./gnd. /isol..

The logic diagram on the operating mede ima grounded system is illustrated in Figure 2-68. Depending on the
configuration and MLFB, the FFIMFoperates with measured or calculated values V or I. If zero sequence
voltage occurs without a ground faglt cufrent being registered simultaneously, then there is an asymmetrical
fault in the secondary circuit@fthe‘veltage transformer. The displacement voltage element of the sensitive
ground fault detection 4the directional overcurrent protection (phase and ground function), the voltage-con-
trolled inverse time non-directional overcurrent protection, the undervoltage protection and the synchronization
function are blocked ifyparameter 5310 BLOCK PROT. is set to YES.

The FFM picks up if the grotind voltage V) is higher than the set limit value under address 5302 FUSE FAIL
3Vo and if the gfoundcurrent IN lies below the set limit value under address 5303 FUSE FAIL RESID.

Pickup occursiin aeeerdance with the configured values. A hysteresis of 105% for the dropout is integrated for
Iy Or 95% for My . 1In case of low-current asymmetrical faults in systems with week infeed, the ground current
causedby thefault could lie below the pickup threshold of the Fuse Failure Monitor. Overfunctioning of the Fuse
Failure Monitor can, however, cause the feeder protection device to underfunction since all protection functions
that use voltage signals are blocked. In order to prevent overfunctioning of the FFM, the phase currents are
alse.ehecked. If at least one phase current lies above the pickup threshold of 5303 FUSE FAIL RESID, it can
be assumed that the zero current created by a fault will equally exceed this threshold.

In order to immediately detect an existing fault after switching in, the following applies: If a ground current I is
detected within 10 seconds after recognition of the Fuse Failure criterion, the protection assumes a fault and
removes the blocking by the Fuse Failure Monitor for the duration of the fault. If, on the other hand, the voltage
failure criterion is present for longer than approx. 10 s, the blocking is permanently activated. After this time has
elapsed, it can be assumed that a fuse failure has actually occurred. Only 10 s after the voltage criterion has
been removed by correction of the secondary circuit failure, will the blocking automatically reset, thereby re-
leasing the blocked protection functions.
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The generation of an internal signal “Alarm FFM isol. N.“ for the mode of operation in an isolated system is
illustrated in Figure 2-69.

|FUSE FAIL RESID  [5303] |5310| BLOCK PROT. 0
' i

| |
| |
|
. l
| H
i[IA I o |
! > | YES ! *
\[1B T OR |
| 1>
|
|
|
:l c J|I Protection block.
|
|
! [FUSEFAILRESID [5303]
I I I
| |
51 AND
il il AND |
| 17 I
{[Alarm FFM isol.N. OR (VT FuseFai l
| |
| |
| [FUSE FAIL 3Vo [5302] @ |
| [ |
| 1 I
113vV0 ; !
:| J\;[ H FuseFail>10s ):
| |
| |
| |
L] . ]
[5301| FUSE FAILMON. |
. OFF
1" Solid grounded
 Coil.gnd./isol.
[213 |VT Connect. 3ph |
Van, Vbn, Vcn
0" i/ Vab, Vbc, VGnd
- Van,Vbn,Vcn,VGn
| Van,Vbn,Ven,VSy 4
Figure 2-68 Logic diagrarr( use Failure Monitor for grounded networks
L 4
204 SIPROTEC, 7SJ62/64, Manual

C53000-G1140-C207-2, Release date 01.2008



Functions
2.11 Monitoring Functions

Mode of Operation - Isolated System

The FFM can also function in isolated and compensated (grounded) systems where only low ground
are expected. This is indicated to the device via address 5301 FUSE FAIL MON..

The logic diagram on the mode of operation in an isolated system is illustrated in Figure 2-69. The followWing is
a description of the principles for single-, two- and three-pole faults in a voltage transformer secon tem.
If this part of the FFM logic picks up, the internal signal “Alarm FFM isol.N.“ is initiated, which further processing
is indicated in Figure 2-68.

. \
V>

1-pol d 2-pol b

T 0

trip
[12/11

[I> BLOCK

A0
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Single- and Two-pole Faults in Voltage Transformer Circuits

formed in the voltage during a single- or two-pole voltage failure, without influencing the current. This enable

The measuring voltage failure detection is based on the fact that a significant negative sequence system is O
a clear distinction from asymmetries impressed by the power system. If the negative sequence system iO

related to the current positive sequence system, the following rules apply to the Fault-free Case:

Vo I 4

\71 =0 and E =0

If a fault occurs in the voltage transformer secondary system, the following rules apply'to ingle-pole Fail-
ure: 0

Vo 033 I, v, I,

V_1 = m = 05 and H = O (\T1 > E)

If a fault occurs in the voltage transformer secondary system followingrules apply to the Two-pole Failure:
Vo 033 I, v, |, \

voomo! ad Foo (\T1>ﬁ)

%

ary system, the current also shows a negative sequence
itoring does not respond since no voltage transformer fault
overfunctioning of the measuring voltage failure detection
minimum threshold of the positive sequence systems of

In case of a failure of one or two phases of '@
system of 0.5 or 1. Consequently, the voltage Mo
can be present. In order to avoid occurrenc

al
due to inaccuracy, the function is block
voltage (V; < 0.1 V) and current (I, om)-
Three-pole Faults in Voltage Transformgr Q

A three-pole failure in the,vol transformer secondary system cannot be detected via the positive- and neg-
ative sequence system :m above. The monitoring of the progress of current and voltage in respect
o)

of time is required here dip to almost zero occurs (or if the voltage is zero), and the current remains
unchanged, a three-pole failufie in the voltage transformer secondary system can be concluded. The exceeding
of an overcurrent t arameter 5307 I> BLOCK) is used here. This threshold value should be identical
to the definite time &'o rrent protection. If the threshold value is exceeded the measuring-circuit voltage
failure monito iS‘hlecked. This function is also blocked if a pickup by an (overcurrent) protection function
has alre ogcur
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2.11.1.7 Broken Wire Monitoring of Voltage Transformer Circuits

Requirements O

This function is only available in device version ,World“ (Ordering Information Pos. 10 = B), as it@lsed
in certain regions. Furthermore, the measurement of all three phase-to-ground voltages is a require “If only
two phase-to-phase voltages were measured, it would not be possible to evaluate two of the required criteria.

L 4

The broken wire monitoring function monitors the voltage transformer circuits of\@ry system with
S.

regard to failure. One distinguishes between single-pole, two-pole and three-%
Mode of Operation / Logic

All three phase-to-ground voltages, the displacement voltage and the thre currents are measured. The
required values are calculated for the respective criteria and eventually a ision is made. The resulting alarm

message may be delayed. A blocking of the protection functions is ever not effected. This is done by the
measuring voltage failure detection.

Task

The broken wire monitoring is also active during a fault. nc ay be enabled or disabled.
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The following logic diagram shows how broken wire monitoring functions.

[5204 | Vph-ph min< |
[

Vph-ph,min :/I:L AND 257
AND}—( VT b.w. 2 pole )

[5202]% v> |
[

| 5205 | Vph-ph max-min>

Vph-ph,max-min ﬂ_

| 5203 | Vph-ph max<

Vph-ph,max -|l

|Imin>

<
v

[5201[ VT BROKEN WIRE |

. | OFF T
—ON OR Fu

[213 | VT Connect. 3ph @
Van, Vbn, Vcn
v //_Vab, Vbe, VGnd *
- Van,Vbn,Vcn,VGn \
. Van,Vbn,Vcn,VSy
Figure 2-70  Logic diagram for bb& onitoring

%
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2.11.1.8 Setting Notes

Measured Value Monitoring

The sensitivity of measured value monitor can be modified. Default values which are sufficient injmost cases
are preset. If especially high operating asymmetries in the currents and/or voltages are to be expected‘during
operation, or if it becomes apparent during operation that certain monitoring functions activate sporadically,
then the setting should be less sensitive.

Address 8102 BALANCE V-LIMIT determines the limit voltage (phase-to-phase), abéve which the voltage
symmetry monitor is effective. Address 8103 BAL. FACTOR V is the associatedysymmetry/factor; that is, the
slope of the symmetry characteristic curve.

Address 8104 BALANCE I LIMIT determines the limit current, above which the guffent symmetry monitor is
effective. Address 8105 BAL. FACTOR I is the associated symmetry factogthatis,the slope of the symmetry
characteristic curve.

Address 8106 © I THRESHOLD determines the limit current above whieh, the®eurrent sum monitor is activated
(absolute portion, only relative to Iy,,). The relative portion (relativese the maximum conductor current) for ac-
tivating the current sum monitor is set at address 8107 £ I FAGTOR.

Note

Current sum monitoring can operate properly only when the fesidual current of the protected line is fed to the
fourth current input (I) of the relay (see Power System Data 1). Furthermore, the fourth current input (l)
may not be sensitive.

Note

The connections of the ground pathsé@nd their adaption factors were set when configuring the general Power
System Data. These settings must be‘gorrect for the measured values monitoring to function properly.

Measured value monitoring can(be Sette ON or OFF at address 8101 MEASURE. SUPERV.

Fuse Failure Monitor (FFM)

Via the address 5301 FUSE "FAIL MON. you select under which system conditions the FFM works. Depending
on that, make the‘fequired,settings in the grounded system via the parameters 5302, 5303 and 5307. In a
grounded/isolated,system,, the parameter 5307 is important.

The settings forithe fuse failure monitor must be selected in such manner that reliable activation occurs if a
phase voltagé¥ails, But that false activation does not occur during ground faults in a grounded network. Address
5303 FUSE. FAIL RESID must be set as sensitive as required (with ground faults, below the smallest fault
current):

The EEM picks up if the ground voltage V) is higher than the set limit value under address 5302 FUSE FAIL
3Vfand jiithe ground current IN lies below the set limit value under address 5303 FUSE FAIL RESID.

In order’to detect a three-pole failure, the progress in time of current and voltage is monitored. If the voltage
sinks below the threshold value without a change in the current value, a 3-pole failure is detected. This thresh-
old"value of the current element must be set under address 5307 I> BLOCK. The threshold value should be
identical with the definite time overcurrent protection.

Under address 5310 BLOCK PROT. it can be determined whether the protection functions should be blocked
upon pickup by the FFM.
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. Note
l The setting under address 5310 BLOCK PROT. has no effect on the flexible protection functions. A separat
blocking can be selected for that purpose.

O

The function may be disabled in address 5301 FUSE FAIL MON., e.g. when performing asymmetrical tests.

4
2.11.1.9 Settings %
The table indicates region-specific default settings. Column C (configuration) indicate xsponding sec-
ondary nominal current of the current transformer.
Addr. Parameter C Setting Options Default Setting Comments
5201 VT BROKEN WIRE ON OFF roken wire supervi-
OFF ion
5202 V> 1.0..100.0 V 8.0V Threshold voltage sum
5203 Vph-ph max< 1.0..100.0 V Maximum phase to phase
voltage
5204 Vph-ph min< 1.0..100.0V Minimum phase to phase
voltage
5205 Vph-ph max-min> 10.0.. 200.0 V Symmetry phase to phase
voltages
5206 I min> 1A 0.04..1.00 A .04 A Minimum line current
5A 0.20. 0.20 A
5208 T DELAY ALARM 0.00 1.25 sec Alarm delay time
5301 FUSE FAIL MON. OFF Fuse Fail Monitor
5302 FUSE FAIL 3Vo 30V Zero Sequence Voltage
5303 FUSE FAIL RESID 0.10 A Residual Current
0.50 A
5307 I> BLOCK 1.00 A I> Pickup for block FFM
5310 BLOCK PROT. YES Block protection by FFM
8101 MEASURE. SUP OFF ON Measurement Supervision
ON
8102 BALA IT, 10..100V 50V Voltage Threshold for
Balance Monitoring
8103 BAL. FACTO 0.58..0.90 0.75 Balance Factor for Voltage
Monitor
8104 LANCI:’I LIMIT 1A 0.10..1.00A 0.50 A Current Threshold for
5A | 050..5.00 A 250 A Balance Monitoring
810 L. FACTOR | 0.10..0.90 0.50 Balance Factor for Current
Monitor
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Addr. Parameter C Setting Options Default Setting Comments
8106 > | THRESHOLD 1A 0.05..2.00 A; © 0.10 A Summated Current/Monis
5A | 0.25..10.00 A; o0 0.50 A toring Threshold
8107 >~ 1 FACTOR 0.00 .. 0.95 0.10 Summated Curtent Moni-
toring Factor
8109 FAST X i MONIT OFF ON Fast Summated Current
ON Monitoring
2.11.1.10 Information List
No. Information Type of In- Camments
formation

161 Fail | Superv. ouT Failure: General Cusrent Supervision

162 Failure X | ouT Failure: Current Summation

163 Fail | balance ouT Failure: Currept'Balance

167 Fail V balance ouT Failure: MoltageBalance

169 VT FuseFail>10s ouT VT Fuse ‘Rallure(@larm >10s)

170 VT FuseFalil ouT VT4¢Fuse Failure’(alarm instantaneous)

171 Fail Ph. Seq. ouT Railurefy\Rhase Sequence

175 Fail Ph. Seq. | ouT Failure: Phase Sequence Current

176 Fail Ph. Seq. V ouT Failure: Phase Sequence Voltage

197 MeasSup OFF ouT NMeasurement Supervision is switched OFF

253 VT brk. wire OouF Failure VT circuit: broken wire

255 Fail VT circuit QuUT Failure VT circuit

256 VT b.w. 1 pole OoUT, Failure VT circuit: 1 pole broken wire

257 VT b.w. 2 pole OUL Failure VT circuit: 2 pole broken wire

258 VT b.w. 3 pole (6/ONN Failure VT circuit: 3 pole broken wire

6509 >FAIL:FEEDER VT SP >Failure: Feeder VT

6510 >FAIL: BUS VT SP >Failure: Busbar VT
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2.11.2 Trip Circuit Supervision 74TC

Devices 7SJ62/64 are equipped with an integrated trip circuit supervision. Depending on the number of avaiO
able binary inputs (not connected to a common potential), supervision with one or two binary inputs can -
lected. If the allocation of the required binary inputs does not match the selected supervision type, thenz ’
message to this effect is generated (,,74TC ProgFail®).

Applications *
* When using two binary inputs, malfunctions in the trip circuit can be detected under all c%aker con-

ditions.
*  When only one binary input is used, malfunctions in the circuit breaker itself canno ted.

Prerequisites

A requirement for the use of trip circuit supervision is that the control voltage for ircuit breaker is at least
twice the voltage drop across the binary input (V¢ > 2 - Vgimin)-

Since at least 19 V are needed for the binary input, the supervision ca sed with a system control
voltage of over 38 V.

2.11.2.1 Description $

Supervision with Two Binary Inputs
When using two binary inputs, these are connected @ o Figure 2-71, parallel to the associated trip

contact on one side, and parallel to the circuit k ry contacts on the other.

6852
>741Ctrip rel. >

' 6853
@l >74TCbrkrel. >

~ 52b

Legend

RTC — Relay Tripping Contact

52 — Circuit Breaker

52TC — Circuit Breaker Trip Coil

52a — Circuit Breaker Auxiliary Contact (NO-Contact)
L 4 52b — Circuit Breaker Auxiliary Contact (NC-Contact)

V-CTR — Control Voltage (Trip Voltage)
V-BI 1 — Input Voltage for 1st Binary Input
V-BI 2 — Input Voltage for 2nd Binary Input
E ure 2-71 Principle of the trip circuit supervision with two binary inputs
212 SIPROTEC, 7SJ62/64, Manual
C53000-G1140-C207-2, Release date 01.2008



Functions

Supervision with two binary inputs not only detects interruptions in the trip circuit and loss of control volta

also supervises the response of the circuit breaker using the position of the circuit breaker auxiliary cop .
@short

In healthy trip circuits the condition that both binary inputs are not actuated ("L") is only possible d

Depending on the conditions of the trip contact and the circuit breaker, the binary inputs are activated
condition "H" in Table 2-13), or not activated (logical condition "L").

2.11 Monitoring Functions

transition period (trip contact is closed but the circuit breaker has not yet opened). A continuous state of this
condition is only possible when the trip circuit has been interrupted, a short-circuit exists in the trip circuit, a loss
of battery voltage occurs, or malfunctions occur with the circuit breaker mechanism. Therefore, it'is used as
supervision criterion.

Table 2-13 Condition table for binary inputs, depending on RTC and CB po\

The conditions of the two binary inputs are checked peri
three consecutive conditional checks detect an abnormali
Figure 2-72). The repeated measurements determin
is output during short transition periods. After the
is reset automatically after the same time period.

6852

[ >741C trip rel.

6853

l >74TC brk rel.

6865

No. Trip contact Circuit breaker 52a Contact 52b a Bl Bl 2
1 Open Closed Closed H L
2 Open Open Open H H
3 Closed Closed Closed L L
4 Closed Open Open L H

74TC Trip cir.

)

Number of Condition Checks (= 3)

\’é-;surement Repetition Occurs every 600 ms)
Figure 2-72  Logic diagram of, ip“Gircuit supervision with two binary inputs

L 4

O
Q>®

L 4
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Supervision with One Binary Input

The binary input is connected according to the following figure in parallel with the associated trip contact of th
protection relay. The circuit breaker auxiliary contact is bridged with a bypass resistor R.

V-CTR

: " SIPROTEC |
I RTC—— [
|

I
Lo I
R
1 [ 1
V-BI

|
i
; 6852
(V-BI | i i “x [ [[>747C trip rel.
|

SIPROTEC

ntact (NO-Contact)
ontact (NC-Contact)

52 52TC
= /[ 52a-—— # 52b
[=2]
Legend
RTC — Relay Tripping C
52 — Circuit Breaker
V- 52TC — Circuit Breaker

52a — Circuit Breaker i
52b — Circuit Breaker@ux
V-CTR — Control Voltage (Trip Voltage)
V-BI — Input Voltage, forBinary Input
R — Bypass

Figure 2-73 Trip circuit supervision with o ar

During normal operation, the binary input i iV (logical condition "H") when the trip contact is open and
the trip circuit is intact, because the moni itis closed by either the 52a circuit breaker auxiliary contact

(if the circuit breaker is closed) or through
Only as long as the trip contact is cleSed,
condition "L"). S

If the binary input is continuo

terruption in the trip circui of control voltage.

pass resistor R by the 52b circuit breaker auxiliary contact.
inary input is short circuited and thereby deactivated (logical

ctivated during operation, this leads to the conclusion that there is an in-

not operate during system faults, the closed trip contact does not lead to a

As the trip circuit supervision
fault message. If, howe@dping contacts from other devices operate in parallel with the trip circuit, then the

fault message mus
Delay. A messa

(see also Figure 2-74). The delay time can be set via parameter 8202 Alarm
released after expiry of this time.

After clearance of the fault in the trip circuit, the

fault mess \ cally reset.
[8202] Alarm Delay
6852 I

6865

————(74TC Trip cir.

)

>741C trip rel. ol |2
o T O
PowerSystemFault
re 2-74

214

Logic diagram of trip circuit supervision with one binary input
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The following figure shows the logic diagram for the message that can be generated by the trip circuit monitor,
depending on the control settings and binary inputs.

[182 |74 Trip Ct Supv |

i Disabled
¢ 7 2 Binary Inputs -
L1 Binary Input OR
~ |anD 6864
| AND (743€ ProgFail )
6852 : L
>74TC trip rel. Lconfigured
6853 fi d AND
[>74TC brk rel. Lcontigure
[8201]FCT 74TC | 6861
(74TC OFF )
0 b R 6865
LOFF sQ AND sBunction ——(74TC Trip cir. )
p 6863
(74TC ACTIVE )
6862
6851 AND (74TCBLOCKED )
N
[ >BLocK 741C
Figure 2-75 Message logic for trip circuit supervision

2.11.2.2 Setting Notes

General

The function is only effective and accessible’if address 182 (Section 2.1.1.2) was set to either 2 Binary
Inputs or 1 Binary Input daringyconfiguration, the appropriate number of binary inputs has been config-
ured accordingly for this purpose’and the function FCT 74TC is ON at address 8201. If the allocation of the
required binary inputs does fiot mateh the selected supervision type, a message to this effect is generated
(,74TC ProgFail“)Af theiip circuit monitor is not to be used at all, then Disabled is set at address 182.

In order to ensure that.the longest possible duration of a trip command can be reliably bridged, and an indica-
tion is generated imy¢ase‘ef an actual fault in the trip circuit, the indication regarding a trip circuit interruption is
delayed. The time,delay,is,set under address 8202 Alarm Delay.

Supervision with One Bifary fput

Note:"'Whenwsing only one binary input (Bl) for the trip circuit monitor, malfunctions, such as interruption of the
tripicircuitoploss of battery voltage are detected in general, but trip circuit failures while a trip command is active
cannotbe detected. Therefore, the measurement must take place over a period of time that bridges the longest
possible duration of a closed trip contact. This is ensured by the fixed number of measurement repetitions and
the time’between the state checks.

When using only one binary input, a resistor R is inserted into the circuit on the system side, instead of the
missing second binary input. Through appropriate sizing of the resistor and depending on the system condi-
tions, a lower control voltage is mostly sufficient.

Information for dimensioning resistor R is given in the Chapter "Installation and Commissioning” under Config-
uration Notes in the Section "Trip Circuit Supervision”.
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2.11.2.3 Settings

Addr. Parameter Setting Options Default Setting Comments
8201 FCT 74TC ON ON 74TC TRIP Circuit Supervisi
OFF
8202 Alarm Delay 1..30sec 2 sec Delay Time for alarm
2.11.2.4 Information List %
No. Information Type of In- Comment
formation
6851 >BLOCK 74TC SP >BLOCK 74TC
6852 >74TC trip rel. SP >74TC Trip circuit superv.:

6853 >74TC brk rel. SP

6861 74TC OFF ouT

6862 74TC BLOCKED ouT

6863 74TC ACTIVE ouT

6864 74TC ProgFail ouT

6865 74TC Trip cir. ouT

2.11.3 Malfunction Responses of the Monitori nctions

In the following malfunction responses of ma y ent are clearly listed.

2.11.3.1 Description

Malfunction Responses @
Depending on the type of malﬁ i iscovered, an annunciation is sent, a restart of the processor system is
initiated, or the device is take& ervice. After three unsuccessful restart attempts, the device is taken out

of service. The operatio ss NC contact operates to indicate the device is malfunctioning. Also, the
red LED "ERROR" lights ront cover, if the internal auxiliary voltage is present, and the green "RUN"
LED goes out. If the in xiliary voltage fails, all LEDs are dark. Table 2-14 provides a summary of the
monitoring functions a alfunction responses of the relay.

N
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Table 2-14

Summary of malfunction responses by the protection relay

2.11 Monitoring Functions

Monitoring

Possible Cause

Malfunction Re-
sponse

Message (No.)

Output

AC/DC supply voltage loss External Device shutdown All LEDs dark DOK# drops out
(Nominal voltage) in-
ternal (power supply)

Internal supply voltages Internal (power Device shutdown LED "ERROR" DOK? drops out

supply)

Buffer battery

Internal (buffer bat-
tery)

Message

.Fail Battery" (177)

Hardware watchdog Internal Device shutdown ¥ LED "ERROR" DOK? drops out
(processor failure)
Software watchdog Internal Restart attempt ¥ LED "ERROR" DOK? drops out
(processor failure)
Working memory ROM Internal (hardware) |Relay aborts restart, |LEDBlinks DOK? drops out
device shutdown
Program memory RAM Internal (hardware)  |During boot sequence [EED "ERROR" DOK? drops out
Detection during opef~ {hED*ERROR"
ation: Restart attempt
1
Settings memory Internal (hardware) |Restart attempt > LED "ERROR" DOK? drops out
Sampling frequency Internal (hardware) |Device shutdewn LED "ERROR" DOK? drops out
Measured value acquisition External (hardware) |Blockingdyythe protec- |,Error A/D-conv.” (181), | DOK? drops out
tion fuggtion LED "ERROR"
Error in the 1/0O-board Internal (hardware) |Deviee shutdown ,I/0-Board error* (178), |DOK? drops out
LED "ERROR"

Module error

Internal (hardware)

Device shutdown

,Error Board 1“ to ,Error
Board 7* (178 to 189),
LED "ERROR"

DOK? drops out

Internal auxiliary voltage 5 V

Internal (hardware)

Device shutdown

~Error 5V* (144),
LED "ERROR"

DOK? drops out

0V monitoring

Internal (hardware)

Device shutdown

~Error OV* (145),
LED "ERROR"

DOK? drops out

Internal auxiliary voltage -5 V

Internal (hardware)

Device shutdown

JError -5V* (146),
LED "ERROR"

DOK? drops out

Offset monitoring

Iptetnal (hardware)

Device shutdown

.Error Offset (191)

DOK? drops out

Internal supply voltages

Internal’(hardware)

Device shutdown

+Error PwrSupply*
(147),
LED "ERROR"

DOK? drops out

Current sum

Internal
(measured value ac-
quisition)

Device shutdown

.Failure 2 I* (162)

DOK? drops out

Current symmetry, External (power Message .Fail | balance® (163) As allocated
system or current
transformer)

Voltage symmetry External (power Message .Fail V balance" (167) |As allocated
system or voltage
transformer)

Voltageyphase sequence External (power Message .Fail Ph. Seq. V* 176) |As allocated
system or connection)

Current phase sequence External (power Message .Fail Ph. Seq. I“ (175) |As allocated
system or connection)
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Monitoring Possible Cause Malfunction Re- Message (No.) Output
sponse

Fuse Failure Monitor External Message VT FuseFail>10s" As allocated

(voltage transformer) (169)
VT FuseFail“ (170)

Trip circuit monitoring External (trip circuit or |Message ,74TC Trip cir.” (6865) |As allocated
control voltage)

Secondary voltage transform- |External (voltage Message LVT brk. wire* (253) As allocategd

er circuit monitoring transformer circuit in-
terruption)

Calibration data fault Internal (hardware) |Message JAlarm NO calibr* (1 Asgallocated

1) Aifter three unsuccessful restart attempts, the device is shut down.
2 DOK = "Device Okay" = Ready for service relay drops off, protection and control functior@ d.

Group Alarms
Certain messages of the monitoring functions are already combined to rms. A listing of the group

alarms and their composition is given in the Appendix A.10. In this ca
»Alarm Sum Event® is only issued when the measured value

SUPERV) are activated.

L 4

N
S

Q
o
&

L 4

N t be noted that message 160
ito nctions (8101 MEASURE.
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2.12 Ground Fault Protection 64, 67N(s), 50N(s), 51N(s)

Depending on the variant, the fourth current input of the multi-functional protection relays 7SJ62/64 is equipped
either with a sensitive input transformer or a standard transformer for 1/5 A.

In the first case, the protective function is designed for ground fault detection in isolated or compensated
systems due to its high sensitivity. It is not really suited for ground fault detection with large ground currents
since the linear range is transcended at about 1.5 A at the sensitive ground fault detection relay germinals.

If the relay is equipped with a standard transformer for 1/5 A currents, large currents gan also be detected cor-
rectly.

This function can operate in two modes. The standard procedure, the ,cos-¢—/ simeg meéasurement”, evaluates
the part of the ground current perpendicular to the settable directional characteristic:

The second procedure, the ,U0/I0-¢ measurement®, calculates the angle between‘ground current and displace-
ment voltage. For this procedure, two different directional characteristicS‘ean be Set.

Applications
» Sensitive ground fault detection may be used in isolated or gompensated systems to detect ground faults,
to determine phases affected by ground faults, and to §pecify the direction of ground faults.
« In solidly or low-resistance grounded systems, sensitive groung, fault detection is used to detect high imped-
ance ground faults.

« This function can also be used as supplementaryagroung,fault protection.

2.12.1 Ground Fault Detection for coséop /'Sin-¢ Measurement (Standard Method)

Voltage Element

The voltage element relies on a pickupyinitiated by the displacement voltage V,, or 3 - V.. Additionally, the faulty
phase is determined. The displagément veltage V, can be directly applied to the device, or the summary
voltage 3 - V, can be calculated hy the device based on the three phase—to—ground voltages. In the latter case,
the three voltage inputs must/be connécted to voltage transformers in a grounded-wye configuration (see also
address 213 VT Connect .\ 3ph in Subsection 2.1.3). If the device is only provided with phase-to-phase volt-
ages, it is not possible te €alculate a displacement voltage from them. In this case the direction cannot be de-
termined.

If the displacement'veltageis calculated, then:
3:Vo=Va+ Vgt Ve

If the displacement voltage is directly applied to the device, then V, is the voltage at the device terminals. It is
not affected\by parameter Vph / Vdelta (address 2086).

The displacement voltage is used both to detect a ground fault and to determine direction. When the voltage
element picks up, a preset time delay must elapse before detection of the displacement voltage is reported to
be"able tarecord stable measurement quantities. The time delay can be configured (T-DELAY Pickup) and
its factory setting is 1 s.

Pickup performed by the displacement voltage can be delayed (64-1 DELAY) for tripping.

It is important to note that the total tripping time then consists of the displacement voltage measurement time
(about 50 ms) plus the pickup time delay T-DELAY Pickup plus the tripping delay 64-1 DELAY.
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After the voltage element picks up due to detection of a displacement voltage, the grounded phase is identified,
if possible. To do this, the individual phase-to-ground voltages are measured. Of course, this is only possible if
three phase-to-ground voltages are obtained from voltage transformers connected in a grounded wye config-
uration. If the voltage magnitude for any given phase is below the setting value Vp,, min, that phase is detected
as the grounded phase as long as the remaining phase-to-ground voltages are simultaneously above the
setting value Vpy, max-

[3106 | VPH MIN | [3107]VPH MAX
| I
V< V>
VA
Ve 1272
AND —( Sens. Gnd Ph A )
V> — [
VB
3 ]
1273
AND —((SenisBnd Ph B )
V> L
-
Ve
Ve N 274
AND 2 Sens. Gnd Ph C )
V> —

| Ground Fault
From Logic Diagram of the Sensitive Ground Fault/Detegtion

Figure 2-76 Determination of Grounded‘Rhase

Current Elements

220

The current elements for ground faults’operate with the magnitudes of the ground current. It is sensible to
employ them only where the magnitude ofithe ground current can be used to specify the ground fault. This may
be the case on grounded systemsy(solid or low-resistance) or on electrical machines which are directly con-
nected to the busbar of an isolated power system, when in case of a network ground fault the machine supplies
only a negligible ground fault curfent across the measurement location, which must be situated between the
machine terminals and themnetwerk, whereas in case of a machine ground fault the higher ground fault current
produced by the total networkiis available. Ground current protection is mostly used as backup protection for
high resistance ground,faults’in solid or low resistance grounded systems when the main fault protection does
not pickup.

For ground’current detection, a two-element current/time characteristic can be set. Analog to the overcurrent
protectign, thegthigh-set current element is designated as 50Ns-2 PICKUP and 50Ns-2 DELAY and is provid-
ed with aldefinite time characteristic. The overcurrent element may be operated with either a definite time delay
(50Ns-1 PICKUP and 50Ns-1 DELAY) or with a user-defined characteristic (51Ns PICKUP and 51NsTIME
DIAL). Additionally, a current element with logarithmic inverse characteristic or logarithmic inverse character-
istic with knee point is implemented. The characteristics of these current elements can be configured. Each of
these elements may be directional or non-directional.

The\pickup of the definite time overcurrent protection can be stabilized by the configured dropout delay time
(address 3121 50Ns T DROP-OUT).
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Functions
2.12 Ground Fault Protection 64, 67N(s), 50N(s), 51N(s)

Determination of Direction

When determining the sensitive ground fault direction it is not the current value that is crucial, but thegfa
the current which is perpendicular to a settable directional characteristic (axis of symmetry). As a pre %@M
for determining the direction, the displacement voltage V, must be exceeded as well as a configugfife cO™ent
part influencing the direction (active or reactive component).

The following figure illustrates an example using a complex vector diagram in which the displacement voltage
V, is the reference magnitude of the real axis. The active part 310, of current 3, is calculated wjth reference
to the displacement voltage V, and compared with setting value RELEASE DIRECT.. The example is therefore
suitable for ground fault direction in grounded systems where quantity 3l, - cos ¢ is gffle The directional

limit lines are perpendicular to axis 310, \

(Y
N

Figure 2-77  Directional chara &

I cos—ep—measurement

The directional limit Iin%s md# be rgtated by a correction angle (address PHI CORRECTION) up to + 45°. There-
fore, in grounded systemgyt I ble e.g. to increase sensitivity in the resistive-inductive range with a rotation

of —45°, or in case of g€ctri chines in busbar connection in the resistive-capacitive range with a rotation of
+45° (see the folloy Wure). Furthermore the directional limit lines may be rotated by 90° to determine
i

ground faults and ion in grounded systems.

&
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