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Copyright

This document and parts thereof must not be reproduced or copied without written permission from
ABB, and the contents thereof must not be imparted to a third party, nor used for any unauthorized
purpose.

The software or hardware described in this document is furnished under a license and may be used,
copied, or disclosed only in accordance with the terms of such license.

Trademarks

ABB and Relion are registered trademarks of the ABB Group. All other brand or product names
mentioned in this document may be trademarks or registered trademarks of their respective holders.
Open Source Software

This product contains open source software. For license information refer to product documentation at
www.abb.com.

Warranty

Please inquire about the terms of warranty from your nearest ABB representative.

www.abb.com/mediumvoltage


http://www.abb.com
http://www.abb.com/mediumvoltage

Disclaimer

The data, examples and diagrams in this manual are included solely for the concept or product
description and are not to be deemed as a statement of guaranteed properties. All persons responsible
for applying the equipment addressed in this manual must satisfy themselves that each intended
application is suitable and acceptable, including that any applicable safety or other operational
requirements are complied with. In particular, any risks in applications where a system failure and/or
product failure would create a risk for harm to property or persons (including but not limited to
personal injuries or death) shall be the sole responsibility of the person or entity applying the
equipment, and those so responsible are hereby requested to ensure that all measures are taken to
exclude or mitigate such risks.

This product has been designed to be connected and communicate data and information via a network
interface which should be connected to a secure network. It is the sole responsibility of the person

or entity responsible for network administration to ensure a secure connection to the network and

to take the necessary measures (such as, but not limited to, installation of firewalls, application of
authentication measures, encryption of data, installation of antivirus programs, etc.) to protect the
product and the network, its system and interface included, against any kind of security breaches,
unauthorized access, interference, intrusion, leakage and/or theft of data or information. ABB is not
liable for any such damages and/or losses.

This document has been carefully checked by ABB but deviations cannot be completely ruled out. In
case any errors are detected, the reader is kindly requested to notify the manufacturer. Other than
under explicit contractual commitments, in no event shall ABB be responsible or liable for any loss or
damage resulting from the use of this manual or the application of the equipment.

In case of discrepancies between the English and any other language version, the wording of the
English version shall prevail.



Conformity

This product complies with the directive of the Council of the European Communities on the
approximation of the laws of the Member States relating to electromagnetic compatibility (EMC
Directive 2014 /30/EU) and concerning electrical equipment for use within specified voltage limits
(Low-voltage directive 2014 /35/EU). This conformity is the result of tests conducted by the third party
testing laboratory Intertek in accordance with the product standard EN 60255-26 for the EMC directive,
and with the product standards EN 60255-1 and EN 60255-27 for the low voltage directive. The product
is designed in accordance with the international standards of the IEC 60255 series.
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Introduction

1.1 This manual
The technical manual contains application and functionality descriptions and lists
function blocks, logic diagrams, input and output signals, setting parameters and
technical data sorted per function. The manual can be used as a technical reference
during the engineering phase, installation and commissioning phase, and during
normal service.

1.2 Intended audience
This manual addresses system engineers and installation and commissioning
personnel, who use technical data during engineering, installation and
commissioning, and in normal service.
The system engineer must have a thorough knowledge of protection systems,
protection equipment, protection functions and the configured functional logic in
the protection relays. The installation and commissioning personnel must have a
basic knowledge in handling electronic equipment.
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1.3 Product documentation
1.3.1 Product documentation set
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Quick installation guide
Brochure
Product guide

Figure 1: The intended use of documents during the product life cycle

1.3.2 Document revision history
Document revision/ |Product connectivity | History
date level
A/2018-12-14 PCL1 First release
B/2019-03-27 PCL1 Content updated
C/2019-08-15 PCL1 Content updated
D/2020-02-13 PCL2 Content updated to correspond to the prod-
uct connectivity level
E/2020-12-09 PCL3 Content updated to correspond to the prod-
uct connectivity level
F/2023-02-07 PCL4 Content updated to correspond to the prod-
uct connectivity level
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1.3.3 Related documentation
Name of the document Document ID
TISSUES Implementation Conformance Statement (TICS) for
the IEC 61850 interface in REX640 IMRS759027
Protocol Implementation extra Information for Testing (PIX-
IT) for the IEC 61850 interface in REX640 IMRS759030
Protocol Implementation extra Information for Testing (PIX-
IT) for the IEC 61850 9-2LE interface in REX640 IMRS759037
Protocol Implementation Conformance Statement (PICS) for
the IEC 61850 interface in REX640 IMRS759029
IEC 61850 Ed2 Model Implementation Conformance State-
ment (MICS) for REX640 IMRS759028
Download the latest documents from the ABB Web site www.abb.com/
mediumvoltage.
1.4 Symbols and conventions
1.4.1 Symbols
The electrical warning icon indicates the presence of a hazard which
could result in electrical shock.
The warning icon indicates the presence of a hazard which could result in
personal injury.
The caution icon indicates important information or warning related to
the concept discussed in the text. It might indicate the presence of
a hazard which could result in corruption of software or damage to
equipment or property.
The information icon alerts the reader of important facts and conditions.
The tip icon indicates advice on, for example, how to design your project
Q or how to use a certain function.
Although warning hazards are related to personal injury, it is necessary to
understand that under certain operational conditions, operation of damaged
equipment may result in degraded process performance leading to personal injury
or death. Therefore, comply fully with all warning and caution notices.
1.4.2 Document conventions
A particular convention may not be used in this manual.
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Abbreviations and acronyms are spelled out in the glossary. The glossary also
contains definitions of important terms.

Menu paths are presented in bold.

Select Main menu > Settings.
Parameter names are shown in italics.

The function can be enabled and disabled with the Operation setting
Parameter values are indicated with quotation marks.

The corresponding parameter values are "On" and "Off".

Input/output messages and monitored data names are shown in Courier font.

When the function starts, the START output is set to TRUE.

Values of quantities are expressed with a number and an Sl unit. The
corresponding imperial units may be given in parentheses.

This document assumes that the parameter setting visibility is "Advanced".

Protective earthing is indicated in figures with the symbol D.

REX640
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1.4.3

Table 1: Functions included in the relay

Functions, codes and symbols

Function IEC 61850 IEC 60617 ANSI
Protection
Distance protection DSTPDIS Z< 21P,21N
Local acceleration logic DSTPLAL LAL 21LAL
Scheme communication logic DSOCPSCH CL 85 21SCHLGC
Current reversal and weak-end infeed logic CRWPSCH CLCRW 85 21CREV,WEI
Communication logic for residual overcurrent RESCPSCH CLN 85 67G/N
SCHLGC
Current reversal and weak-end infeed logic for residual overcur- | RCRWPSCH CLCRWN 8567G/N
rent CREV,WEI
Power swing detection DSTRPSB Zpsb 68
Line differential protection with inzone power transformer LNPLDF 31d/1> 87L
Binary signal transfer BSTGAPC BST BST
Switch-onto-fault protection CVPSOF CVPSOF SOTF
Three-phase non- directional overcurrent protection, low stage | PHLPTOC 31> 51P-1
Three-phase non- directional overcurrent protection, high stage | PHHPTOC 31>> 51P-2
Three-phase non- directional overcurrent protection, instanta- | PHIPTOC 3I>>> 50P
neous stage
Three-phase directional overcurrent protection, low stage DPHLPDOC 31>-> 67P/51P-1
Three-phase directional overcurrent protection, high stage DPHHPDOC 31>>-> 67P/51P-2
Non-directional earth-fault protection, low stage EFLPTOC lo> 51G/51N-1
Non-directional earth-fault protection, high stage EFHPTOC lo>> 51N-2
Non-directional earth-fault protection, instantaneous stage EFIPTOC lo>>> 50G/50N
Directional earth-fault protection, low stage DEFLPDEF lo>-> 67G/N-151G/N-1
Directional earth-fault protection, high stage DEFHPDEF lo>>-> 67G/N-151G/N-2
Three-phase power directional element DPSRDIR 11-> 67P-TC
Neutral power directional element DNZSRDIR 12->,l0-> 67N-TC
Admittance-based earth-fault protection EFPADM Yo>-> 21YN
Multifrequency admittance-based earth-fault protection MFADPSDE lo>->Y 67NYH
Wattmetric-based earth-fault protection WPWDE Po>-> 32N
Transient/intermittent earth-fault protection INTRPTEF lo>->IEF 67NTEF/NIEF
Harmonics-based earth-fault protection HAEFPTOC lo>HA 51NH
Touch voltage based earth-fault current protection IFPTOC IF>/UT> 46SNQ/59N
Negative-sequence overcurrent protection NSPTOC 12>M 46M

Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI
Phase discontinuity protection PDNSPTOC 12/11> 46PD
Residual overvoltage protection ROVPTOV Uo> 59G/59N
Three-phase undervoltage protection PHPTUV 3U< 27
Three-phase overvoltage variation protection PHVPTOV 3Urms> 59.51
Three-phase overvoltage protection PHPTOV 3U> 59
Positive-sequence overvoltage protection PSPTOV u1> 59PS
Positive-sequence undervoltage protection PSPTUV Ul< 27PS
Negative-sequence overvoltage protection NSPTOV u2> 47,59NS
Frequency protection FRPFRQ f>/f<,df/dt 81
Three-phase voltage-dependent overcurrent protection PHPVOC 31(U)> 51V
Overexcitation protection OEPVPH u/f> 24
Three-phase thermal protection for feeders, cables and distri- | TIPTTR 3lth>F 49F
bution transformers
Three-phase thermal overload protection, two time constants T2PTTR 3Ith>T/G/C 49T/G/C
Three-phase overload protection for shunt capacitor banks COLPTOC 31>3I< 51,37,86C
Current unbalance protection for shunt capacitor banks CUBPTOC di>C 60N
'bl'hrie-phase current unbalance protection for shunt capacitor HCUBPTOC 3dI>C 60P
anks
Shunt capacitor bank switching resonance protection, current | SRCPTOC TD> 55ITHD
based
Compensated neutral unbalance voltage protection CNUPTOV CNU> 59NU
Directional negative- sequence overcurrent protection DNSPDOC 12>-> 67Q
Low-voltage ride- through protection LVRTPTUV uu 27RT
Voltage vector shift protection VVSPPAM VS 78VS
Directional reactive power undervoltage protection DQPTUV Q>->,3U< 32Q,27
Reverse power/ directional overpower protection DOPPDPR P>/Q> 32R/320
Underpower protection DUPPDPR P< 32U
Three-phase under impedance protection UZPDIS Y4 21G
Directional negative sequence impedance protection DNZPDIS z2-> 22Q
Three-phase under excitation protection UEXPDIS X< 40
Third harmonic-based stator earth-fault protection H3EFPSEF dUo>/Uo3H 64TN
Rotor earth-fault protection (injection method) MREFPTOC lo>R 64R
Generator shaft leakage current GSLPTOC 1>,GS 38,51
Thermal overload protection for rotors RPTTR 3lth>R 49R
High-impedance or flux-balance based differential protection MHZPDIF 3dIHi>M 87HIM
Out-of-step protection with double blinders OOSRPSB 00s 78PS
Negative-sequence overcurrent protection for machines MNSPTOC 12>M 46M

Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI
Loss of phase, undercurrent PHPTUC 3l< 37

Loss of load supervision LOFLPTUC 3l< 37

Motor load jam protection JAMPTOC Ist> 50TDIAM
Motor start-up supervision STTPMSU Is2t n< 49,66,48,50TDLR
Motor start counter MSCPMRI n< 66

Phase reversal protection PREVPTOC 12>> 46R
Thermal overload protection for motors MPTTR 3lth>M 49M
Stabilized and instantaneous differential protection for ma- MPDIF 3dI>M/G 87M/87G
chines

Underpower factor protection MPUPF PF< 55U
Stabilized and instantaneous differential protection for two- or | TR3PTDF 3dI>3wW 87T3
three- winding transformers

Stabilized and instantaneous differential protection for two- TR2PTDF 3dI>T 87T
winding transformers

Numerical stabilized low-impedance restricted earth-fault pro- | LREFPNDF dloLo> 87NLI
tection

High-impedance based restricted earth- fault protection HREFPDIF dloHi> 87NHI
High-impedance differential protection for phase A HIAPDIF dHi_A> 87_A
High-impedance differential protection for phase B HIBPDIF dHi_B> 87_B
High-impedance differential protection for phase C HICPDIF dHi_C> 87_C
Circuit breaker failure protection CCBRBRF 31>/lo>BF 50BF
Three-phase inrush detector INRPHAR 312f> 68HB
Master trip TRPPTRC Master Trip 94/86
Arc protection ARCSARC ARC AFD
High-impedance fault detection PHIZ HIF HIZ
Cable Fault Detection RCFD CFD CFD
Fault locator SCEFRFLO FLOC FLOC
Load-shedding and restoration LSHDPFRQ UFLS/R 81LSH
Multipurpose protection MAPGAPC MAP MAP
Accidental energization protection GAEPVOC Us<,1> 50/27
Load blinder LBRDOB LB 21LB
Control

Circuit-breaker control CBXCBR |<->0CB 52
Three-state disconnector control P3SXSWI 1<->0 P3S 29DS/GS
Disconnector control DCXSWI | <-> 0 DCC 29DS
Earthing switch control ESXSWI | <-> O ESC 29GS
Three-state disconnector position indication P3SSXSWI I<->0 P3SS 29DS/GS

Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI
Disconnector position indication DCSXSWI | <->0DC 29DS
Earthing switch position indication ESSXSWI I <->0ES 29GS
Motor controlled earthing switch and disconnector supervision | ESDCSSWI ESDCCM 29CM
Emergency start-up ESMGAPC ESTART EST,62
Autoreclosing DARREC O->1 79
Autosynchronizer for generator breaker ASGCSYN AUTOSYNCG 25AUTOSYNCG
Autosynchronizer for network breaker ASNSCSYN AUTOSYNC $5AUTOSYNCBT/
Autosynchronizer co-ordinator ASCGAPC AUTOSYNC 25AUTOSYNC
Synchronism and energizing check SECRSYN SYNC 25

Tap changer control with voltage regulator OL5ATCC COLTC 90V
Transformer data combiner OLGAPC OLGAPC OLGAPC
Petersen coil controller PASANCR ANCR 90

High speed bus transfer HSABTC I<->0 BT HSBT
Condition monitoring and supervision

Circuit-breaker condition monitoring SSCBR CBCM 52CM
Hot-spot and insulation ageing rate monitoring for transform- | HSARSPTR 3lhp>T 26/49HS
ers

Trip circuit supervision TCSSCBR TCS TCM
Current circuit supervision CCSPVC MCS 31 CCM
Current circuit supervision for transformers CTSRCTF MCS 31,12 CCM 31,12
Current transformer supervision for high- impedance protec- HZCCASPVC MCSI_A CCM_A
tion scheme for phase A

Current transformer supervision for high- impedance protec- HZCCBSPVC MCS I_B CCM_B
tion scheme for phase B

Current transformer supervision for high- impedance protec- HZCCCSPVC MCSI_C CCM_C
tion scheme for phase C

Fuse failure supervision SEQSPVC FUSEF VCM, 60
Protection communication supervision PCSITPC PCS PCS
Runtime counter for machines and devices MDSOPT OPTS OPTM
Three-phase remanent undervoltage supervision MSVPR 3U<R 27R
Diesel Generator Monitoring DGMGAPC P>< U/f >< 32/40G
Measurement

Three-phase current measurement CMMXU 3l IA, IB, IC
Sequence current measurement CSMSQI 11, 12,10 11, 12,10
Residual current measurement RESCMMXU lo IG
Three-phase voltage measurement VMMXU 3U VA, VB, VC
Single-phase voltage measurement VAMMXU U_A V_A

Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI

Phase voltage measurement VPHMMXU 3UL VL

Residual voltage measurement RESVMMXU Uo VG/VN

Sequence voltage measurement VSMSQI U1, Uz, Uuo V1, V2, VO

Three-phase power and energy measurement PEMMXU P, E P, E

Load profile recorder LDPRLRC LOADPROF LOADPROF

Frequency measurement FMMXU f f

Tap changer position indication TPOSYLTC TPOSM 84T

Power quality

Current total demand, harmonic distortion, DC component CHMHAI PQM3IH PQM ITHD,IDC

(TDD, THD, DC) and individual harmonics

Voltage total harmonic distortion, DC component (THD, DC) VHMHAI PQM3VH PQM VTHD,VDC

and individual harmonics

Voltage variation PHQVVR PQMU PQMV
SWE,SAG,INT

Voltage unbalance VSQVUB PQUUB PQMV UB

Traditional LED indication

LED indication control LEDPTRC LEDPTRC LEDPTRC

Individual virtual LED control LED LED LED

Logging functions

Disturbance recorder (common functionality) RDRE DR RDRE

Disturbance recorder, analog channels 1...12 A1RADR A1RADR A1RADR

Disturbance recorder, analog channels 13...24 A2RADR A2RADR A2RADR

Disturbance recorder, binary channels 1...32 B1RBDR B1RBDR B1RBDR

Disturbance recorder, binary channels 33...64 B2RBDR B2RBDR B2RBDR

Fault recorder FLTRFRC FAULTREC FR

Other functionality

Parameter setting groups PROTECTION PROTECTION PROTECTION

Time master supervision GNRLLTMS TSYNC TSYNC

Serial port supervision SERLCCH SERLCCH SERLCCH

IEC 61850-1 MMS MMSLPRT MMS MMS

IEC 61850-1 GOOSE GSELPRT GSE GSE

IEC 60870-5-103 protocol I3CLPRT 13C 13C

IEC 60870-5-104 protocol ISCLPRT I15C I15C

DNP3 protocol DNPLPRT DNP 3.0 DNP 3.0

Modbus protocol MBSLPRT MBS MBS

OR gate with two inputs OR OR OR

OR gate with six inputs OR6 OR6 OR6

Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI
OR gate with twenty inputs OR20 OR20 OR20
AND gate with two inputs AND AND AND
AND gate with six inputs ANDG6 ANDG6 ANDG6
AND gate with twenty inputs AND20 AND20 AND20
XOR gate with two inputs XOR XOR XOR
NOT gate NOT NOT NOT
Real maximum value selector MAX3R MAX3R MAX3R
Real minimum value selector MIN3R MIN3R MIN3R
Rising edge detector R_TRIG R_TRIG R_TRIG
Falling edge detector F_TRIG F_TRIG F_TRIG
Real switch selector SWITCHR SWITCHR SWITCHR
Integer 32-bit switch selector SWITCHI32 SWITCHI32 SWITCHI32
SR flip-flop, volatile SR SR SR

RS flip-flop, volatile RS RS RS
Minimum pulse timer, two channels TPGAPC TP 62TP
Minimum pulse timer second resolution, two channels TPSGAPC TPS 62TPS
Minimum pulse timer minutes resolution, two channels TPMGAPC TPM 62TPM
Pulse counter for energy measurement PCGAPC PCGAPC PCGAPC
Pulse timer, eight channels PTGAPC PT 62PT
Time delay off, eight channels TOFGAPC TOF 62TOF
Time delay on, eight channels TONGAPC TON 62TON
Daily timer DTMGAPC DTM DTM
Calendar function CALGAPC CAL CAL

SR flip-flop, eight channels, nonvolatile SRGAPC SR SR
Boolean value event creation MVGAPC MV MV
Integer value event creation MVI4GAPC MVIi4 MVIi4
Analog value event creation with scaling SCA4GAPC SCA4 SCA4
Generic control points SPCGAPC SPC SPCG
Generic up-down counter UDFCNT UDCNT UDCNT
Local/Remote control CONTROL CONTROL CONTROL
External HMI wake-up EIHMI EIHMI EIHMI
Real addition ADDR ADDR ADDR
Real subtraction SUBR SUBR SUBR
Real multiplication MULR MULR MULR
Real division DIVR DIVR DIVR

Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI

Real equal comparator EQR EQR EQR

Real not equal comparator NER NER NER

Real greater than or equal comparator GER GER GER

Real less than or equal comparator LER LER LER
Voltage switch VMSWI VSWI VSWI
Current sum CMSUM CSuM CSuM
Current switch CMSwI CMSWI CMSWI
Phase current preprocessing ILTCTR ILTCTR ILTCTR
Residual current preprocessing RESTCTR RESTCTR RESTCTR
Phase and residual voltage preprocessing UTVTR UTVTR UTVTR
Residual current preprocessing, current measured as voltage RESUTCTR lo(U) lo(U)
SMV stream receiver (IEC 61850-9-2LE) SMVRCV SMVRCV SMVRCV
SMV stream sender (IEC 61850-9-2LE) SMVSENDER SMVSENDER SMVSENDER
Redundant Ethernet channel supervison RCHLCCH RCHLCCH RCHLCCH
Ethernet channel supervision SCHLCCH SCHLCCH SCHLCCH
HMI Ethernet channel supervision HMILCCH HMILCCH HMILCCH

Received GOOSE binary information

GOOSERCV_BIN

GOOSERCV_BIN

GOOSERCV_BIN

Received GOOSE double binary information

GOOSERCV_DP

GOOSERCV_DP

GOOSERCV_DP

Received GOOSE measured value information

GOOSERCV_MV

GOOSERCV_MV

GOOSERCV_MV

Received GOOSE 8- bit integer value information

GOOSERCV_INTS

GOOSERCV_INTS

GOOSERCV_INTS

Received GOOSE 32- bit integer value information

GOOSERCV_INT32

GOOSERCV_INT32

GOOSERCV_INT32

Received GOOSE interlocking information

GOOSERCV_INTL

GOOSERCV_INTL

GOOSERCV_INTL

Received GOOSE measured value (phasor) information

GOOSERCV_CMV

GOOSERCV_CMV

GOOSERCV_CMV

Received GOOSE enumerator value information

GOOSERCV_ENUM

GOOSERCV_ENUM

GOOSERCV_ENU
M

Bad signal quality

QTY_BAD

QTY_BAD

QTY_BAD

Good signal quality

QTY_GOOD

QTY_GOOD

QTY_GOOD

Received GOOSE Test mode

QTY_GOOSE_TEST

QTY_GOOSE_TEST

QTY_GOOSE_TES
3

GOOSE communication quality

QTY_GOOSE_COMM

QTY_GOOSE_COM
M

QTY_GOOSE_COM
M

GOOSE data health T_HEALTH T_HEALTH T_HEALTH
Fault direction evaluation T_DIR T_DIR T_DIR
Enumerator to boolean conversion T_TCMD T_TCMD T_TCMD
32-bit integer to binary command conversion T_TCMD_BIN T_TCMD_BIN T_TCMD_BIN
Binary command to 32-bit integer conversion T_BIN_TCMD T_BIN_TCMD T_BIN_TCMD
Switching device status decoder - CLOSE position T_POS_CL T_POS_CL T_POS_CL
Table continues on the next page
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Function IEC 61850 IEC 60617 ANSI
Switching device status decoder - OPEN position T_POS_OP T_POS_OP T_POS_OP
Switching device status decoder - OK status T_POS_OK T_POS_OK T_POS_OK
Controllable gate, 8 Channels GATEGAPC GATEGAPC GATEGAPC
Security application GSAL GSAL GSAL
Hotline tag HLTGAPC HLTGAPC HLTGAPC
16 settable 32-bit integer values SETI32GAPC SETI32GAPC SETI32GAPC
16 settable real values SETRGAPC SETRGAPC SETRGAPC
Boolean to integer 32- bit conversion T_B16_TO_I32 T_B16_TO_I32 T_B16_TO_I32
Integer 32-bit to boolean conversion T_132_TO_B16 T_I132_TO_B16 T_132_TO_B16
Integer 32-bit to real conversion T_132_TO_R T_132_TO_R T_I132_TO_R
Real to integer 8-bit conversion T_R_TO_I8 T_R_TO_I8 T_R_TO_I8
Real to integer 32-bit conversion T_R_TO_I32 T_R_TO_I32 T_R_TO_I32
Constant FALSE FALSE FALSE FALSE
Constant TRUE TRUE TRUE TRUE
REX640 41
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2.1

2.1.1

2.2

REX640 overview

Overview

REX640 is a powerful all-in-one protection and control relay for use in advanced
power distribution and generation applications with unmatched flexibility available
during the complete life cycle of the device — from ordering of the device, through
testing and commissioning to upgrading the functionality of the modular software
and hardware as application requirements change.

The modular design of both hardware and software elements facilitates the
coverage of any comprehensive protection application requirement that may arise
during the complete life cycle of the relay and substation.

REX640 makes modification and upgrading easy and pushes the limits of what can
be achieved with a single device.

PCM600 and relay connectivity package version

- Protection and Control IED Manager PCM600 Ver. 2.12 or later
- REX640 Connectivity Package Ver. 1.3.0 or later

Download connectivity packages from the ABB Web site www.abb.com/
mediumvoltage or directly with Update Manager in PCM600.

Relay hardware

The relay includes a Ready LED on the power supply module that indicates the
relay's status. In normal situations, the Ready LED has a steady green light. Any
other situation that requires the operator’s attention is indicated with a flashing
light.

The relay has mandatory and optional slots. A mandatory slot always contains a
module but an optional slot may be empty, depending on the composition variant
ordered.

Table 2: Module slots

Module Slot Al | Slot A2 | SlotB | SlotC | SlotD | SlotE | SlotF | SlotG

ARC1001 o
COM1001 )
COM1002 )
COM1003 °

Table continues on the next page
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Module Slot A1 | Slot A2 | SlotB | SlotC | SlotD | SlotE | SlotF | SlotG
COM1004 .
COM1005 °
B101001 . o) o
B101002 ° o o
B101003 o
BIO1004
RTD1001 o o
RTD1002 o o
AIM1001
AIM1002
SIM1901
SIM1902
PSM1001 °
PSM1002 .
PSM1003 .

oO|O0|O|O

e = Mandatory to have one of the allocated modules in the slot

0 = Optional to have one of the allocated modules in the slot. The population (order)
of the modules in the optional slots depends on the composition variant ordered.

In case the relay and the HMI will be exposed to harsh environmental conditions;

like high humidity, chemicals or other corrosive agents, we recommend using the
conformal coated versions of both. Contact the nearest ABB sales representative for
more information regarding the ordering data.
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Figure 2: Hardware module slot overview of the REX640 relay

1 Slot markings in enclosure (top and bottom)

2 Ready LED

Table 3: Module description

Module Description

ARC1001 4 x ARC sensor inputs (lense, loop or mixed)

COM1001 1 x RJ-45 (LHMI port) + 3 x RJ-45 + 1 x LD-SFP 1

COM1002 1 x RJ-45 (LHMI port) + 2 x LC + 1 x RJ-45 + 1 x LD-SFP

COM1003 1 x RJ-45 (LHMI port) + 3 x LC + 1 x LD-SFP

COM1004 1 x RJ-45 (LHMI port) + 2 x RJ-45 + 1 x LD-SFP + 1 x RS-485/IRIG-B + 1 x FO
UART

Table continues on the next page

! Line distance/line differential protection communication + binary signal transfer, optical multi-
mode or single-mode LC small form-factor pluggable transceiver (SFP)

44

REX640
Technical Manual



1MRS759142 F

REX640 overview

2.3

Module Description

COM1005 1 x RJ-45 (LHMI port) + 2 x LC + 1 x LD-SFP + 1 x RS-485/IRIG-B + 1 x FO
UART

BI01001/ 14 x Bl + 8 x SO

BIO1003

BIO1002/ 6 x SPO + 2 x SPO (TCS) + 9 x BI

BIO1004

RTD1001 10 x RTD channels + 2 x mA channels (input/output)

RTD1002 3 x RTD channels + 6 x mA channels (input/output) + 12 x BI

AIM1001 4 x CT + 1 x CT (sensitive, for residual current only) + 5 x VT

AIM1002 6xCT+4xVT

SIM1901 3 x combi sensor inputs (RJ-45) + 1 x CT (sensitive, for residual current
only) +1x VT

SIM1902 3 x combi sensor inputs (RJ-45) + 1 x CT (sensitive, for residual current
only) +1x VT

PSM1001 24...60 VDC, 3 x PO (TCS) +2 x PO + 3 x SO + 2 x SSO

PSM1002 48...250 VDC / 100...240 VAC, 3 x PO (TCS) + 2 x PO + 3 x SO + 2 x SSO

PSM1003 110/125 VDC (77...150 VDC), 3 x PO (TCS) + 2 x PO + 3 x SO + 2 x SSO

PO = Power Output SO = Signal Output

SPO = Static Power Output SSO = Static Signal Output

The relay has a nonvolatile memory which does not need any periodical
maintenance. The nonvolatile memory stores all events, recordings and logs to a
memory which retains data if the relay loses its auxiliary supply.

Local HMI

The LHMI is used for setting, monitoring and controlling the protection relay and

the related process. It comprises a 7-inch color screen with capacitive touch sensing

and a Home button at the bottom of the LHMI.
The LHMI must be paired with the protection relay to enable all the

functionalities in it. See the operation manual for the pairing procedure.

The LHMI is an accessory for the relay which is fully operational even

Q without the LHMI.
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Figure 3: Example of a local HM/ page

The LHMI presents pages in two categories.

- Operator pages are typically required as a part of an operator’s normal activities,
such as a single-line diagram, controls, measurements, events or alarms

- Engineer pages are specifically designed pages supporting relay
parametrization, troubleshooting, testing and commissioning activities

The Operator pages can be scrolled either by pressing the Home button or by
swiping the actual pages. The Engineer pages are accessible by tapping the menu
button in the menu bar on the top of the LHMI display.

The Home button indicates the relay’s status at a glance. In normal situations, the
Home button shows a steady green light. Any other situation that requires the
operator’s attention is indicated with a flashing light, a red light or a combination of
these.

Table 4: Power supply module Ready LED and local HMI Home button LED

State Power supply LHMI Home Alarm
module Ready button acknowledged
LED

Relay under normal operation and | Steady green Steady green N/A

LHMI connected

Relay’s IRF activated, but communi- | High frequency | High frequency |N/A

cates with LHMI blinking green ! | blinking red !

Table continues on the next page

1 High frequency = 3 Hz

46

REX640
Technical Manual



1MRS759142 F

REX640 overview

State

Power supply
module Ready
LED

LHMI Home
button

Alarm
acknowledged

blinking green 2

Communication lost between Relay | Steady green High frequency |N/A

and LHMI, but no IRF blinking green !

LHMI not running normally or in Steady green High frequency |[N/A

start-up initialization phase blinking green ?

Process related alarm active Steady green Low frequency No
blinking red 2

Process related alarm active Steady green Steady red Yes

Process related alarm has been ac- | Steady green Low frequency No

tive earlier, but is not any more ac- blinking red 2

tive.

Process related alarm has been ac- | Steady green Steady green Yes

tive earlier, but is not any more ac-

tive.

Relay set to Test Mode Low frequency High frequency |No

blinking green 2

The Operator pages can be used as such or customized according to the project’s
requirements using Graphical Display Editor in PCM600. The Engineer pages are

fixed and cannot be customized.

20.05.2022

Parameters
+J01 Generator 1 Aamee

REX640

Parameters
+J01 Generator 1 =

Figure 4: Menu bar elements

20.05.2022 | 5
13:41 %

13:52 &%

,i.l OPERATOR

1 Bay name for the relay

2 Page name

3 Edit mode active (parameter editing)

4  Date, time and time synchronization status

5 Page help (visible if help is available for the page)
6 Login button/logged in user indication

7 Local/remote indication

8

9 Number of active alarms

10 Menu button for Engineer pages

11 Store or reject changed parameters indication

2 Low frequency =1 Hz

USB memory not connected/connected (visible only if USB port is enabled)
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Table 5: Local HMI default pages

Page category Pages Subpages
Operator pages Overview Alarms

Events

Fault Records

Timeline

Measurements Phasors

Load Profile Records

Engineer pages Parameters

Testing and Commissioning

Force Functions
Force Outputs
Simulate Inputs
View I/0

Send Events

Secondary Injection Monitor-
ing

Protection Measurement Di-
rection

Coil Controller Commission-
ing 3

View GOOSE sending
View GOOSE receiving
View SMV sending
View SMV receiving

Relay Status

Monitoring

Clear

Disturbance Records

Alarms

Device Information

USB Actions

3 Available with the Petersen coil control application package
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2.4

REX640 27.05.2022
+J01 Generator 1 11:48 &

Testing and Disturbance

arameiers SRE elay Status
A= Commissioning i Records

! View Alarms £ Network Settings L/R State = Local

i Device Information i+ USB Actions Language English (us,iec)

Figure 5: Engineer pages menu

Switchgear HMI

The SHMI is used for setting, monitoring and controlling up to 20 REX640
protection relays and the related processes. It comprises a 7-inch color screen with
capacitive touch sensing and a Home button at the bottom of the SHMI. All features
of standard HMI are also available in the SHMI.

The SHMI is an accessory for the relay which is fully operational even

Q without the SHMI.
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SHMI demo

+VSA-J

My Switchgear

2020-09-24

08:48 %

+J01 Generator 1

+J02 Load Feeder 1

+J03 Load Feeder 2

+J04 Load Feeder 3

l

Gl

o

l

o

Figure 6: Example of a switchgear HMI navigation page

l

o

l

The SHMI has a navigation page which presents the physical switchgear lineup
installation and indicates the status of each REX640 within the system. The area
presenting a single switchgear bay has a small user-configurable bay overview
section and a virtual Home button showing the status of the connected relay. By
tapping the selected bay overview area, the SHMI connects with the related REX640
and works as normal LHMI for that relay.
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SHMI demo 2022-05-20
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+J03 Load Feeder 2

+104 Load Feeder 3
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Figure 7: Navigation page elements
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10

11
12

13

User-defined substation name

User-defined name for the switchgear or sub-part of switchgear lineup
controlled by the SHMI

Date, time and time synchronization status
Logout button and authentication status

Menu button

User-defined voltage level name

User defined bay name and voltage level extension

Bay overview area showing static or dynamic information for a bay and
functioning as a navigation point to launch the HMI view for the respective
relay, user-defined content

SHMI navigation page

Virtual Home button representing the status of the respective relay’s physical
Home button

Number of active alarms

Panel lineup overview showing the current status of all connected relays and
the current position of navigation page

SHMI's physical Home button

REX640
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24.1

2.4.2

2.4.3

Bay overview area

Bay overview area consists either of a static picture or a dynamic SLD. They
are configured with Graphical Display Editor in PCM600. One relay can have two
overview pages.

Static picture may be, for example, a drawing or a photo of switchgear lineup.
Maximum size of the picture is 186 x 320 px.

SLD does not support control operations. The following features are available.

. Static symbols such as connections, measurement devices, transformers and
reactors

- Dynamic status for switching devices, but no control operations

- Dynamic and static text objects

- Boolean state text
- Integer state text
- Label (translation not supported)
- Numeric value
- String value
« Custom symbols
« Busbar coloring

Physical and virtual Home buttons

On the SHMI navigation page, the virtual Home button shows the status of each
relay as it would be shown with the physical Home button on a normal LHMI panel.
In normal situations, the virtual Home button shows a steady green light. All other
situations in which the relay requires operator’s attention are indicated with a
flashing light, a red light or a combination of these.

SHMI’s physical Home button has two operation modes.

« On the SHMI navigation page, the Home button indicates the combined status of
all connected relays. If multiple relays have different statuses, the Home button
shows the indication with the highest priority.

« On the HMI view, the Home button indicates the status of the respective relay as
described in Figure 3.

Navigation

Navigation page is the default view for the SHMI. The navigation page shows bay
overviews areas which are lined up to represent the actual panel installations. The
navigation page can be scrolled by swiping the screen horizontally or by pressing
the physical Home button to move the page from left to right one bay overview at a
time.

Bay overview area is the configured view for one relay. It may show static or dynamic
information but all control operations are disabled. The whole bay overview area
works as a navigation point to the relay’s HMI view. Tapping this area opens the HMI
view of the respective relay.

Panel lineup overview shows the position of the navigation page by highlighting the
visible bay overviews. It also shows the status of all connected relays and helps in
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identifying which relay requires operator’s attention when the bay overview is not
visible on the navigation page.

When the HMI view is opened for a relay, the SHMI works exactly like a normal HMI.
All the same features are available, and the Home button switches between the
configured home pages and indicates the alarm status for the respective relay.

Navigation area on the top left corner of the HMI view is used to navigate back to
the SHMI’s navigation page. The navigation area shows the bay name on the button
to identify which relay’s HMI is open.

2.5 Physical ports
The relay communication module has a dedicated port where the LHMI is connected
using an RJ-45 connector and a CAT 6 S/FTP galvanic cable. The HMI can be
connected to the relay also via station communication network if a longer distance
is required between the relay and the HMI. For more information, see the installation
manual.
Additionally, the HMI contains one Ethernet service port with an RJ-45 connector
and one USB port. The service port can be used for the PCM600 connection or
for WHMI connection. Data transfer to a USB stick is enabled via the USB port.
By default the USB port is disabled and has to be taken into use with a specific
parameter.
Figure 8: Local HM/ connectors
1 USB port
2 R3-45 ports

REX640 53

Technical Manual



REX640 overview

1MRS759142 F

2.6

Web HMI

The WHMI allows secure access to the protection relay via a Web browser. The WHMI

is verified with Google Chrome, Mozilla Firefox and Microsoft Edge.

ABB Aaviqo1al
REX640, AA1J1Q01A1

DEVICE STATUS

@ -

Dashboard

Import/Export  Parameters.

MEASUREMENTS

LA
L2
3-Ad
vz
U23kv
Iy

629\ E— £z
690\ E— Pk
6234 E— Quuar

4961 kv m—

5.027 kv m—

5.013 kv m—

LATEST EVENTS

DATER

02.06.2022 12:55:21:343

TIME FUNCTION

XL/X16 port Ethernet

X1/X16 port Ethernet

X0 remate HMI port

Device
Device
EIHMIL
X1/X16 port Ethernet channel

XO remote HMI port Ethernet channe

Figure 9: Example view of the Web HM/

ADMINISTRATOR

® status

50,07 Hz E—
5503 kw
45.2kvAr |

DESCRIPTION  EVENT
LY True
cHiLy False
Warning Alok
cHLY True

HMICHLIVY True

CONNECTION

cHLY True

HMICHLIV True

E

WHMI offers several functions. The menu tree structure on the WHMI is almost
identical to the one on the LHMI.

Table 6: Web HMI main groups and submenus

Import/Export Set-
tings

Parameter List

Main groups Submenus Description
Dashboard Used to see an overview of the protection
relay including status, measurements, single-
line diagram and latest events

Device Monitoring Used to navigate to monitoring, information,

Information self-supervision, single-line diagram or clear
. pages

Self-supervision
Single Line Diagram
Clear
Change Password
About

Measurements Measurements Used to navigate to the measurements or
Phasor Diagrams phasor diagrams

Recordings Events Used to view the events, disturbance records,
Disturbance records fault records, load profile records and alarms
Fault records
Load Profile Record
Alarm List

Import/Export Report Summary Used to export a parameter list or a report

summary, and to import and export settings

Table continues on the next page
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2.7

2.7.1

2.7.2

Main groups Submenus Description

Parameters Used to view the menu tree structure for the
protection relay's setting parameters

Language selection Used to change the language

Logout Used to end the session

The WHMI can be accessed locally and remotely.

« Locally by connecting the laptop to the protection relay
« Remotely over LAN/WAN

User authorization

The user management for the protection relay can be handled in two possible ways.
Only one user management way can be enabled in the protection relay at a time.

For more information, see the cyber security deployment guideline.

Local user account management

Four factory default user accounts (VIEWER, OPERATOR, ENGINEER and
ADMINISTRATOR) have been predefined for the LHMI and the WHMI, each with
different rights and default passwords. The roles for these user accounts are the
same as the username. Additional user accounts can be added for the protection
relay.

IED Users in PCM600 is used to manage the user accounts. Each protection relay
supports eight fixed roles and 50 user accounts belonging to any one of these roles.
Each user account can be mapped to a maximum of eight roles.

The factory default passwords can be changed with Administrator user rights or
by the users themselves. Relay user passwords can be changed using the LHMI, IED
Users in PCM600 or the WHMI. Only Administrator can create user accounts and
update the roles-to-rights mapping. Administrator can also reset the passwords of
the users.

User authorization is disabled by default for the LHMI and can be enabled with

the Local override parameter via the menu path Configuration > Authorization >
Passwords. WHMI always requires authentication. Changes in user management
settings do not cause the protection relay to reboot. The changes are taken into use
immediately after committing the changed settings.

Central account management

The user accounts and roles can be created and authenticated centrally in a CAM
server. CAM needs to be activated in the protection relay from Account Management
in PCM600.

A CAM server can be an Active Directory (AD) server such as Windows AD. There can
also be a secondary or redundant CAM server configured which can act as a backup
CAM server if the primary CAM server is not accessible.
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2.8

2.9

The protection relay is the CAM client and can maintain its own replica database
of the user accounts and roles configured in the CAM server. This CAM replica
database acts as a backup authentication mechanism if primary and secondary
CAM servers are not accessible from the protection relay.

Each protection relay supports eight roles and 50 user accounts in the CAM replica
database. Each user account can be mapped to a maximum of eight roles.

For more information on user management and security logging, see the
cyber security deployment guideline.

ﬂ For user authorization for PCM600, see the PCM600 documentation.

Station communication

Operational information and controls are available through a wide range of
communication protocols including IEC 61850 Edition 2, IEC 61850-9-2 LE, IEC
60870-5-103, IEC 60870-5-104, Modbus® and DNP3. Full communication capabilities,
for example, horizontal communication between the relays, are only enabled by IEC
61850.

The relay provides the possibility for a second IP address and a second subnetwork
when the communication modules with three Ethernet ports (COM1001...1003) are
used. However, only one IP network can be used as the default route. Using two

IP addresses, communication networks can be separated based on the dominant
user’s needs. For example, one IP address can serve the dispatchers and the other
one can serve the service engineers’ needs.

The IEC 61850 protocol is a core part of the relay as the protection and control
application is fully based on standard modelling. The relay supports Edition 2 and
Edition 1 versions of the standard. With Edition 2 support, the relay has the latest
functionality modelling for substation applications and the best interoperability for
modern substations. The relay supports flexible product naming (FPN) facilitating
the mapping of relay’s IEC 61850 data model to a customer defined IEC 61850 data
model.

Modification Sales

Modification Sales is a concept that provides modification support for already
delivered relays. Under Modification Sales it is possible to modify both the hardware
and software capabilities of the existing relay. The same options are available as
when a new relay variant is configured and ordered from the factory: it is possible
to add new hardware modules into empty slots, change the type of the existing
modules within the slots or add software functions by adding application and, if
necessary, add-on packages. If it is needed to use the possibilities provided by the
Modification Sales concept, please contact your local ABB unit.
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Basic functions

3.1

3.1.1

Basic functions

General parameters

Authorization settings

Table 7: Non group settings

Parameter Values (Range) Unit Step Default Description

Remote Update 0=Disable O=Disable Remote update
1=Enable

Thumbprint 0 ClientThumb Print

Remote override O=False 1=True Disable authority
1=True

Local override O=False 1=True Disable authority
1=True

Clear AD userlist O=False O=False Clear Active Direc-

tory user list

1=True

FTP write access 0=0Off 1=0n FTP write access
1=0On

MMS write access | g=off 1=0On MMS write access
1=0n

HTTPS write access | g=off 1=0On HTTPS write access
1=0n

FTP write access 0=0ff 1=0On FTP write access
1=0n

MMS write access | o=off 1=0n MMS write access
1=0On

HTTPS write access | g=off 1=0n HTTPS write access
1=0n

FTP write access 0=0ff 1=0On FTP write access
1=0n

MMS write access | g=off 1=0On MMS write access
1=0n
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3.1.2

Table 8: Binary input settings

Binary input settings

Parameter Values (Range) Unit Step Default Description
Slot specific threshold O=False O=False Use slot specific binary input
_ voltage threshold
1=True
Slot specific hysteresis O=False O=False Use slot specific binary input
_ voltage hysteresis
1=True
Input threshold voltage 16...176 Vdc 2 16 Global binary input threshold
for all slots
Input threshold hysteresis 10...50 % 2 10 Global binary input hysteresis
for all slots
Input osc. level 2..50 events/s |1 30 Binary input oscillation sup-
pression threshold
Input osc. hyst 2...50 events/s |1 10 Binary input oscillation sup-
pression hysteresis

3.1.3

Table 9: Non group settings

Networkl address settings

Parameter Values (Range) Unit Step Default Description

IP address 192.168.2.10 IP address for Net-
workl

Subnet mask 255.255.255.0 Subnet mask for
Networkl

Default gateway 192.168.2.1 Default gateway for
Network1l

Mac address XX-XX-XX-XX-XX-XX | Mac address for
Networkl

3.14 Network?2 address settings
Table 10: Non group settings

Parameter Values (Range) Unit Step Default Description

Enable O=False O=False Enable Network?2 IP
address

1=True

IP address 192.168.3.10 IP address for Net-
work?2

Subnet mask 255.255.255.0 Subnet mask for
Network2

Default gateway 0.0.0.0 Default gateway for
Network?2 (only in-
use if NW1 GW =
0.0.0.0)

Mac address XX-XX-XX-XX-XX-XX | Mac address for
Network2

3.15

HMI port address settings
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Table 11: Non group settings

Parameter Values (Range) Unit Step Default Description
IP address 192.168.0.254 IP address for front
port (fixed)
Mac address XX-XX-XX-XX-XX-XX | Mac address for
front port
3.1.6 System settings
Table 12: Non group settings
Parameter Values (Range) Unit Step Default Description
Rated frequency 1=50Hz 1=50Hz Rated frequency of
the network
2=60Hz
Phase rotation 1=ABC 1=ABC Phase rotation or-
der
2=ACB
Blocking mode - : 1=Freeze timer Behaviour for func-
1=Freeze timer tion BLOCK inputs
2=Block all
3=Block OPERATE
output
Bay name REX640 Bay name in system
IDMT Sat point 10...50 1/1> 1 50 Overcurrent IDMT
saturation point
Frequency adaptivi-| g=pisable O=Disable Enabling frequency
ty adaptivity
1=Enable
SMV Max Delay 0=2/2ms 1=3/3ms SMV Maximum al-
lowed delay
1=3/3ms
2=5/4 ms
3=6/5ms
4=7/6 ms
Test mode selec- 1=Local 1=Local Authority for re-

tion

2=Local+Remote,
maintenance

3=Local+Remote,
all levels

4=Binary input

mote activation of
test mode

3.17

HMI Settings
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Table 13: Non group settings

Parameter Values (Range) Unit Step Default Description
FB naming conven- | 1-|ECc61850 1=1EC61850 FB naming conven-
tion tion used in IED
2=|EC60617
3=ANSI
Backlight timeout! |1...60 min 1 3 LHMI backlight
timeout
Web HMI mode 0=0ff 0=0ff Web HMI function-
ality
1=0On
HMI timeout 1...60 min 1 3 HMI login timeout
SLD symbol format | y-|gc 1=IEC Single Line Dia-
gram symbol for-
2=ANSI mat
Setting visibility 1=Basic 2=Advanced Setting visibility for
HMI
2=Advanced
User defined name | g=pisabled false Configuration of
User defined name
1=Enabled

3.1.8

HMI control settings

Confirmation dialog

If the parameter Breaker operationin Configuration > Control > HMI is set to "After
confirmation", a confirmation dialog box opens after tapping the control button.
The confirmation dialog box has a progress bar indicating the Select timeout set for
the controllable object. If the Contro/ mode setting of a control function is set to
"sbo-with-enhanced-security", the confirmation dialog box always opens regardless
of the Breaker operation setting value.

Delayed close

If the parameter Close delay mode in Configuration > Control > LHMI is set to "In
use', a timer is started after tapping the close button and accepting the possible
confirmation dialog. Close operation is performed only after the timer reaches zero.
Remaining time is displayed on top of close button, user can cancel the operation
during countdown by tapping the Cancel button. The delay can be configured by
Close delayin Configuration > Control > LHMI.

Table 14: HMI control settings

Parameter Values Unit Step Default Description
Close delay 1=In use 2=Notinuse Delayed operation
mode when closing circuit

2=Not in use breakers, disconnec-

Table continues on the next page

1 SHMI has separate backlight timeout setting that is used while in switchgear view. The SHMI
setting can be accessed from SHMI settings page, that is available while in SHMI's switchgear

page.
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Parameter Values Unit Step Default Description
tors and earthing
switches from HMI
Close delay 5...900 s 1 60 Operation delay for
Close delay mode
Breaker oper- g-after confirmation O=After confir- Enable or disable
ation ) ) mation confirmation dialog
1':W1thout confirma- before operating cir-
tion cuit breakers, discon-
nectors and earthing
switches from HMI
3.1.9 IEC 103 Settings
Table 15: Non group settings
Parameter Values (Range) Unit Step Default Description
Operation 1=on 5=off Selects if this pro-
tocol instance is
5=off enabled or disabled
Serial port 1=COM 1 1=COM 1 COM port
2=COM2
Address 1..255 1 1 Unit address
Start delay 0...20 char 1 4 Start frame delay in
chars
End delay 0...20 char 1 4 End frame delay in
chars
DevFunType 0...255 1 9 Device Function
Type
UsrFunType 0...255 1 10 Function type for
User Class 2 Frame
UsrinfNo 0...255 1 230 Information Num-
ber for User Class2
Frame
Class1Priority 0=Ev High O0=Ev High Class 1 data send-
ing priority rela-
1=Ev/DR Equal tionship between
_ - Events and Disturb-
2=DR High ance Recorder data.
Class2Interval 0...86400 s 1 0 Interval in seconds

to send class 2 re-
sponse

FramellnUse

-1=Not in use
O=User frame

1=Standard frame 1
2=Standard frame 2
3=Standard frame 3
i=$tandard frame

5=Standard frame
5

6=Private frame 6
7=Private frame 7

6=Private frame 6

Active Class2
Frame 1

Frame2inUse

-1=Not in use

-1=Not in use

Active Class2
Frame 2

Table continues on the next page
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Parameter

Values (Range)

Unit

Step

Default

Description

O=User frame

1=Standard frame 1
2=Standard frame 2
3=Standard frame 3

4=Standard frame
4

5=Standard frame
5

6=Private frame 6
7=Private frame 7

Frame3inUse

-1=Not in use
O=User frame
1=Standard frame 1
2=Standard frame 2
3=Standard frame 3
i=Standard frame

5=Standard frame
5

6=Private frame 6
7=Private frame 7

-1=Not in use

Active Class2
Frame 3

Frame4inUse

-1=Not in use
O=User frame
1=Standard frame 1
2=Standard frame 2
3=Standard frame 3

4=Standard frame
4

5=Standard frame
5

6=Private frame 6
7=Private frame 7

-1=Not in use

Active Class2
Frame 4

Class10vind

0=No indication
1=Both edges
2=Rising edge

2=Rising edge

Overflow Indication

Class1OvFType

0..255

10

Function Type for
Class 1 overflow in-
dication

Class10vinfNo

0..255

255

Information Num-
ber for Class 1 over-
flow indication

Class10vBackOff

0...500

500

Backoff Range for
Classl buffer

Gl Optimize

0=Standard behav-
iour

1=Skip spontane-
ous

2=0nly overflown

0=Standard behav-
iour

Optimize Gl traffic

3=Combined
DR Notification O=False O=False Disturbance Re-
corder spontane-
1=True ous indications en-

abled/disabled

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
Block Monitoring 0=Not in use 0=Not in use Blocking of Moni-
toring Direction
1=Discard events
2=Keep events
EC_FRZ O=False O=False Control point for
freezing energy
1=True counters
Prtl Customization | 0...2147483647 1 0 Customization pa-
rameter. Please, re-
fer to the protocol
manual.
3.1.10 IEC 103 Monitored data
Table 16: Monitored data
Name Type Values (Range) Unit Description
Customization Mode Enum 0=Off/Normal Protocol Customization
Mode
1=By Parameter
2=By File
Reset counters BOOLEAN O=False Reset counters
1=True
Received frames INT32 -1...2147483646 Received frames
Checksum errors INT32 -1...2147483646 Checksum errors
Transmitted frames INT32 -1...2147483646 Transmitted frames
3.1.11 IEC 101-104 General settings
Table 17: Non group settings
Parameter Values (Range) Unit Step Default Description
Operation 1=on 5=off Selects if this pro-
tocol instance is
5=off enabled or disabled
Port 3=IEC104 - Ethernet 3=1EC104 - Ethernet | Port selection
Mapping select 1.2 1 1 Mapping select
ClientIP 0.0.0.0 IP address of the
client
TCP Port 0...65535 1 2404 Server TCP port
Device Address 1...65535 1 1 Device address
ASDU Address 1...65535 1 1 Common address
of ASDU
Link Mode 0=Balanced O=Balanced Link mode setting
1=Unbalanced
COT Length 1.2 1 1 Cause of transmis-
sion length
I0OA Length 1.3 1 2 Information Object
Address length
Link Address 1.2 1 1 Link Address
Length Length
ASDU Address 1.2 1 1 ASDU Address
Length Length

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
Single Char Resp O=False O=False Single character
response ena-
1=True bled/disabled
Show Bad Time O=False 1=True Enable/disable bad
time quality indica-
1=True tion in events
Time Format 1=Full 56bit 1=Full 56bit Time stamp format
3or7octet
Time Zone =Local 1=UTC Selects between
0=Loca UTC/Local time
1=UTC
Overflow Mode 0=Oldest+indica- 0=Oldest+indica- Event buffer over-
tion tion flow handling
mechanism
1=Keep newest
Ovind I0A 0...16777215 1 60000 Overflow indication
address for interro-
gated data
Ovind NoGI IOA 0...16777215 1 60000 Overflow indication
address for non-in-
terrogated data
Selection Timeout |1..65 s 1 30 Selection timeout
for control SBO op-
erations
Counter Reporting | g=Read by master O=Read by master | Counter reporting
after freeze
1=Spontaneous
Freeze mode 0=Not in use 0=Notin use Freezing mode for
externally triggered
1=Freeze only integrated totals
2=Freeze and Reset
TX window (k) 1..20 1 12 IEC60870-5-104
transmit window
(k)
RX window (w) 1...20 1 8 IEC60870-5-104 re-
ceive window (w)
TX timeout (t1) 1...2147483647 ms 1 30000 IEC60870-5-104
transmit timeout
(t1)
RX timeout (t2) 1...2147483647 ms 1 10000 IEC60870-5-104 re-
ceive timeout (t1)
Test interval (t3) 0...2147483647 ms 1 20000 IEC60870-5-104 link
test interval (t3) - O:
Disables the trans-
mission of test
frames
Cyclical Period 1...604800 s 1 10 Cyclical period in
seconds
IT_FRZ O=False O=False Control point for
freezing integrated
1=True totals
Command delay 0...65535 ms 1 5000 Maximum delay for
timestamped com-
mands in millisec-
onds.
Prtl Customization | 0...2147483647 1 0 Customization pa-

rameter. Please, re-
fer to the protocol
manual.

3.1.12

IEC 101-104 Secure settings
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Table 18: Non group settings

Parameter Values (Range) Unit Step Default Description
Protocol Security - oo 0=0ff Protocol Security
Mode %ioﬁpp. authentica Mode - 0: Off; 1:
Aplication authenti-
2=TLS and appl. cation; 2: TLS and
auth. Aplication authenti-
0=0ff cation
Reply timeout 100...120000 ms 1 2000 Reply timeout
Exp Sesn key Chg 0...14400 s 1 1800 Expected Session
Intv key change interval
- Value zero will in-
dicate that interval
is not used
Exp Sesn key Chg 2...10000000 1 4000 Expected session
Cnt key change count
Max Sesn key Stat | 1...255 1 5 Maximum session
Cnt key status count
Sec Stat Cnt Grp 1=Group 1 4=Group 4 Secure statistics
counter group
2=Group 2
3=Group 3
4=Group 4
Sec Stat Cnt IOA 1...65535 1 61000 Information object

address for secure
statistics counters

3.1.13

IEC 101-104 Secure statistics thresholds settings

Table 19: Non group settings

Parameter

Values (Range)

Unit

Step

Default

Description

Unexpected Msgs

1...65535

3

Security statistics
threshold for unex-
pected messages

Auth failures

1...65535

Security statistics
threshold for au-
thorization failures

Authn failures

1..65535

Security statistics
threshold for au-
thentication fail-
ures

Reply timeouts

1..65535

Security statistics
threshold for reply
timeouts

Rekeys Authn fail-
ure

1..65535

Security statistics
threshold for re-
keys due to authen-
tication failure

Total Msgs Tx

1..65535

100

Security statistics
threshold for total
messages sent

Total Msgs Rx

1..65535

100

Security statistics
threshold for total
messages received

Total Crit Msgs Rx

1...65535

100

Security statistics
threshold for total
critical messages
received

Discarded Msgs

1...65535

10

Security statistics
threshold discar-
ded messages

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
Error Msgs Tx 1...65535 1 10 Security statistics
threshold error
messages sent
Error Msgs Rx 1...65535 1 10 Security statistics
threshold error
messages received
Successful Authn 1...65535 1 100 Security statistics
threshold for suc-
cessful authentica-
tions
Sesn key Chg 1...65535 1 10 Security statistics
threshold for ses-
sion key changes
Failed Sesn key 1...65535 1 5 Security statistics
Chgs threshold for
failed session key
changes
Upd key Chgs 1...65535 1 1 Security statistics
threshold for up-
date key changes
Failed Upd key 1...65535 1 1 Security statistics
Chgs threshold for
failed update key
changes
3.1.14 IEC 101-104 Monitored data
Table 20: Monitored data
Name Type Values (Range) Unit Description
Customization Mode Enum 0=Off/Normal Protocol Customization
Mode
1=By Parameter
2=By File
Reset counters BOOLEAN O=False Reset counters
1=True
Received frames INT32 -1...2147483646 Received frames
Transmitted frames INT32 -1...2147483646 Transmitted frames
Physical errors INT32 -1...2147483646 Physical layer errors
Link errors INT32 -1...2147483646 Link layer errors
Transport errors INT32 -1...2147483646 Transport layer errors
CnReject no sockets INT32 -1...2147483646 Number of rejected
connections due to no
sockets available
CnReject unregistered | INT32 -1...2147483646 Connection rejected
due to unregistered cli-
ent
3.1.15 IEC 101-104 Secure monitored data
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Table 21: Monitored data

Name

Type

Values (Range)

Unit

Description

Unexp Msgs Cnt

INT32

0...2147483646

Security statistics coun-
ter for unexpected mes-
sages

Auth Fail Cnt

INT32

0...2147483646

Security statistics coun-
ter for authorization
failures

Authn Fail Cnt

INT32

0...2147483646

Security statistics coun-
ter for authentication
failures

Reply timeouts Cnt

INT32

0...2147483646

Security statistics coun-
ter for reply timeouts

Rekey Authn Fail Cnt

INT32

0...2147483646

Security statistics coun-
ter for rekeys due to au-
thentication failure

Total Msgs Tx

INT32

0...2147483646

Security statistics coun-
ter for total messages
sent

Total Msgs Rx

INT32

0...2147483646

Security statistics coun-
ter for total messages
received

Critical Msgs Rx Cnt

INT32

0...2147483646

Security statistics coun-
ter for critical messag-
es received

Discarded Msgs Cnt

INT32

0...2147483646

Security statistics coun-
ter for discarded mes-
sages

Err Msgs Tx Cnt

INT32

0...2147483646

Security statistics coun-
ter error messages sent

Err Msgs Rx Cnt

INT32

0...2147483646

Security statistics coun-
ter error messages re-
ceived

Successful Authn Cnt

INT32

0...2147483646

Security statistics coun-
ter for successful au-
thentications

Session Key Chg Cnt

INT32

0...2147483646

Security statistics coun-
ter for session key
changes

Fail Ses Key Chg Cnt

INT32

0...2147483646

Security statistics coun-
ter for failed session
key changes

Upd Key Chgs Cnt

INT32

0...2147483646

Security statistics coun-
ter update key changes

Fail Upd Key Chgs Cnt

INT32

0...2147483646

Security statistics coun-
ter for failed update key
changes

3.1.16

IEC 61850-8-1 MMS settings

Table 22: Non group settings

Parameter Values (Range) Unit Step Default Description
Unit mode 1=Primary 0=Nominal IEC 61850-8-1 unit
mode
0=Nominal
2=Primary-Nominal
MMS 0=0Off 1=0n MMS communica-
tion mode
1=0On
MMS 0=0Off 1=0n MMS communica-

tion mode

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description

1=0On

MMS 0=0Off 1=0On MMS communica-
tion mode

1=0n
3.1.17 MODBUS Settings
Table 23: Non group settings

Parameter Values (Range) Unit Step Default Description

Operation 1=on 5=off Enable or disable
this protocol in-

5=off stance

Port 1=COM1 3=Ethernet - TCP 1 | Port selection for
this protocol in-

2=COM 2 stance. Select be-
_ tween serial and
3=Ethernet-TCP 1 Ethernet based
communication.

Mapping selection |1..2 1 1 Chooses which
mapping scheme
will be used for this
protocol instance.

Address 1..254 1 1 Unit address

Link mode 1=RTU 1=RTU Selects between
ASCIll and RTU

2=ASCII mode. For TCP, this
should always be
RTU.

TCP port 1...65535 1 502 Defines the listen-
ing port for the
Modbus TCP server.
Default = 502.

Parity O=none 2=even Parity for the serial
connection.

1=odd
2=even

Start delay 0..20 1 4 Start delay in char-
acter times for seri-
al connection

End delay 0...20 1 4 End delay in charac-
ter times for serial
connections

CRC order 0=Hi-Lo 0=Hi-Lo Selects between
normal or swap-

1=Lo-Hi ped byte order for
checksum for seri-
al connection. De-
fault: Hi-Lo.

Client IP 0.0.0.0 Sets the IP address
of the client. If set
to zero, connection
from any client is
accepted.

Write authority 0=Read only 2=Full access Selects the control

1=Disable Ox write
2=Full access

authority scheme

Time format

0=UTC
1=Local

1=Local

Selects between
UTC and local time
for events and

timestamps.

Table continues on the next page
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Parameter

Values (Range)

Unit

Step

Default

Description

Event ID selection

O=Address
1=UID

0O=Address

Selects whether the
events are reported
using the MB ad-
dress or the UID
number.

Event buffering

0=Keep oldest
1=Keep newest

0=Keep oldest

Selects whether the
oldest or newest
events are kept in
the case of event
buffer overflow.

Event backoff

1..500

200

Defines how many
events have to be
read after event
buffer overflow to
allow new events to
be buffered. Appli-
cable in "Keep old-
est" mode only.

ControlStructPwd 1

*kkk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd 2

*kkk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd 3

*kkk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd
4

Kk kk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd 5

*kkk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd
6

*kkk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd 7

*kkk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

ControlStructPwd
8

Kk kk

Password for con-
trol operations us-
ing Control Struct
mechanism, which
is available on 4x
memory area.

Prtl Customization

0...2147483647

Customization pa-

rameter. Please, re-
fer to the protocol

manual.
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3.1.18 MODBUS Monitored data
Table 24: Monitored data
Name Type Values (Range) Unit Description
Customization Mode Enum 0=Off/Normal Protocol Customization
Mode
1=By Parameter
2=By File
Reset counters BOOLEAN O=False Reset counters
1=True
Received frames INT32 -1...2147483646 Number of received
frames
Transmitted frames INT32 -1...2147483646 Number of transmitted
frames
Transmitted exc A INT32 -1...2147483646 Number of transmitted
exception responses 01
and 02
Transmitted exc B INT32 -1...2147483646 Number of transmitted
exception responses 03
Checksum errors INT32 -1...2147483646 Number of checksum
errors
CnReject no sockets INT32 -1...2147483646 Number of rejected
connections due to no
sockets available
CnReject unregistered | INT32 -1...2147483646 Connection rejected
due to unregistered cli-
ent

3.1.19 DNP 3.0 Settings
Table 25: Non group settings
Parameter Values (Range) Unit Step Default Description
Operation 1=on 5=off Operation Off / On
5=off
Port 1=COM1 3=Ethernet - TCP1 | Communication in-
terface selection
2=COM2
3=Ethernet-TCP1
4=Ethernet
TCP+UDP 1
5=Ethernet - UDP 1
Unit address 0...65519 1 1 DNP unit address
Master address 0...65519 1 3 DNP master and UR
address
Mapping select 1.2 1 1 Mapping select
ClientIP 0.0.0.0 IP address of client
TCP port 20000...65535 1 20000 TCP Port used on
ethernet communi-
cation
UDP Rx Port 1...65535 1 20000 UDP Port for ac-
cepting data from
client/master
UDP Tx Port Ini 1...65535 1 20000 UDP Port for initial
NULL response to
client/master

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
UDP Tx Port 0...65535 1 0 UDP Destination
Port for cli-
ent/master
Client control au- 0=No clients 2=All clients 0=no client con-
thority trols allowed;
1=Reg. clients 1=Controls allowed
_ . by registered cli-
2=All clients ents; 2=Controls al-
lowed by all clients
Link keep-alive 0...1000000 s 1 0 Link keep-alive in-
terval for DNP
Validate master 1=Disable 1=Disable Validate master ad-
addr dress on receive
2=Enable
Self address 1=Disable 2=Enable Support self ad-
dress query func-
2=Enable tion
Need time interval | 0...65535 min 1 30 Period to set IIN
need time bit
Time format 0=UTC 1=Local UTC or local. Coor-
dinate with master.
1=Local
CROB select time- | 1...65535 s 1 10 Control Relay Out-
out put Block select
timeout
Data link confirm 0=Never O=Never Data link confirm
mode
1=0Only Multiframe
2=Always
Data link confirm 100...65535 ms 1 3000 Data link confirm
TO timeout
Data link retries 0...65535 1 3 Data link retries
count
Data link Rx to Tx 0...255 ms 1 0 Turnaround trans-
delay mission delay
Data link inter char | 0...20 char 1 4 Inter character de-
delay lay for incoming
messages
App layer confirm | 1_pisable 1=Disable Application layer
confirm mode
2=Enable
App/UR confirm TO | 100...65535 ms 1 5000 Application layer
confirm and UR
timeout
App layer fragment | 256...2048 bytes 1 2048 Application layer
fragment size
UR mode 1=Disable 1=Disable Unsolicited respon-
ses mode
2=Enable
UR retries 0...65535 1 3 Unsolicited retries
before switching to
UR offline mode
UR retry delay 0...65535 ms 1 5000 Additional delay
kept after App/UR
confirm TO before
sending new unso-
licited retry
UR offline interval | 0...65535 min 1 15 Unsolicited offline
interval
UR Class 1 Min 0...999 1 2 Min number of
events class 1 events to
generate UR
URClass 1 TO 0...65535 ms 1 50 Max holding time

for class 1 events to
generate UR

Table continues on the next page
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Parameter

Values (Range)

Unit

Step

Default

Description

UR Class 2 Min
events

0...999

2

Min number of
class 2 events to
generate UR

URClass 2 TO

0...65535

50

Max holding time
for class 2 events to
generate UR

UR Class 3 Min
events

0..999

Min number of
class 3 events to
generate UR

UR Class 3TO

0...65535

50

Max holding time
for class 3 events to
generate UR

Legacy master UR

1=Disable
2=Enable

1=Disable

Legacy DNP master
unsolicited mode
support. When ena-
bled relay does not
send initial unsoli-
cited message.

Legacy master SBO

1=Disable
2=Enable

1=Disable

Legacy DNP Mas-
ter SBO sequence
number relax ena-
ble

Default Var Obj 01

1=1:BI
2=2:Bl&status

1=1:BI

1=BI; 2=BI with sta-
tus.

Default Var Obj 02

1=1:Bl event
2=2:Bl event&time

2=2:Bl event&time

1=Bl event; 2=BI
event with time.

Default Var Obj 03

1=1:DBI
2=2:DBI&status

1=1:DBI

1=DBI; 2=DBI with
status.

Default Var Obj 04

1=1:DBI event
2=2:DBI event&time

2=2:DBI event&time

1=DBI event; 2=DBI
event with time.

1=1:32bit FrzCnt
2=2:16bit FrzCnt
5=5:32bit
FrzCnt&time
6=6:16bit
FrzCnt&time

9=9:32bit FrzCnt
noflag

10=10:16bit FrzCnt
noflag

Default Var Obj 20 1=1:32bit Cnt 2=2:16bit Cnt 1=32 bit counter;
: 2=16 bit counter;
2=2:16bit Cnt 5=32 bit counter
_c. . without flag; 6=16
f5|_5‘32b1t Cnt no- bit counter without
ag flag.
6=6:16bit Cnt no-
flag
Default Var Obj 21 6=6:16bit 1=32 bit frz counter;

FrzCnt&time

2=16 bit frz coun-
ter; 5=32 bit frz
counter with time;
6=16 bit frz counter
with time; 9=32 bit
frz counter with-
out flag;10=16 bit
frz counter without
flag.

Default Var Obj 22

1=1:32bit Cnt evt
2=2:16bit Cnt evt

5=5:32bit Cnt
evt&time

6=6:16bit Cnt
evt&time

6=6:16bit Cnt
evt&time

1=32 bit counter
event; 2=16 bit
counter event; 5=32
bit counter event
with time; 6=16 bit
counter event with
time.

Default Var Obj 23

1=1:32bit FrzCnt evt
2=2:16bit FrzCnt evt

5=5:32bit FrzCnt
evt&time

6=6:16bit FrzCnt
evt&time

1=32 bit frz coun-
ter event; 2=16 bit
frz counter event;
5=32 bit frz coun-
ter event with time;

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
6=6:16bit FrzCnt 6=16 bit frz counter
evt&time event with time.

Default Var Obj 30 —1. ; 5=5:Al float 1=32 bit Al; 2=16 bit
1=1:32bit Al Al; 3232 bit Al with-
2=2:16bit Al out flag; 4=16 bit Al

o . without flag; 5=Al
3=3:32bit Al noflag float; 6=Al double.
4=4:16bit Al noflag
5=5:Al float
6=6:Al double

Default Var Obj 32 | 1-1.32pit Al 7=T:float Al 1=32 bit Al event;

:32bit Al evt evt&time 2=16 bit Al event.
2=2:16bit Al evt 3=32 bit Al event

_a. . with time; 4=16 bit
3_t3é‘5;'2r?11t Al Al event with time;
eviatime 5=float Al event;
4=4:16bit Al 6=double Al event;
evt&time 7=float Al event

with time; 8=dou-
5=5: float Al evt ble Al event with
6=6:double Al evt time.
7=7:float Al
evt&time
8=8:double Al
evt&time
Default Var Obj 40 | 1=1.32pit A 2=2:16bit AO 1=32 bit AO; 2=16
:32bit AO bit AO; 3=A0 float;
2=2:16bit AO 4=A0 double.
3=3:A0 float
4=4:A0 double

Default Var Obj 42 —1. ; 4=4:16bit AO 1=32 bit AO event;
! 1'32b]~t ACevt evt&time 2=16 bit AO event;
2=2:16bit AO evt 3=32 bit AO event

A . with time; 4=16 bit
3‘t3é‘3;.2b‘t AO AO event with time;
evistime 5=float AO event;
4=4:16bit AO 6=double AO event;
evt&time 7=float AO event

with time; 8=dou-
5=5:float AO evt me AO event with
6=6:double AO evt time.
7=T:float AO
evt&time
8=8:double AO
evt&time
An In Evt Mod 0=0:SOE 0=0:SOE Analog Input Event
Mode - 0: Sequence
1=1:Most Recent of Events, 1: Most
Recent
Prtl Customization | 0...2147483647 1 0 Customization pa-
rameter. Please, re-
fer to the protocol
manual.
3.1.20 DNP 3.0 Secure settings
Table 26: Non group settings
Parameter Values (Range) Unit Step Default Description
Protocol Security 0=0ff Protocol Security

Mode

1=App. authentica-
tion

Mode - 0: Off; 1:
Aplication authenti-
cation; 2: TLS and

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
2=TLS and appl Aplication authenti-
auth. . cation
0=0ff
Aggressive mode -Di 1=Disable Aggressove mode -
enable 1=Disable 1: disable; 2: enable
2=Enable
Reply timeout 100...120000 ms 1 2000 Reply timeout
Exp Sesn key Chg 0...14400 s 1 1800 Expected Session
Intv key change interval
- Value zero will in-
dicate that interval
is not used
Exp Sesn key Chg 2...10000000 1 4000 Expected session
Cnt key change count
Max Sesn key Stat | 1...255 1 5 Maximum session
Cnt key status count
Max Authn Fail 1...65535 1 5 Maximum authen-
Thres tication failures
threshold
Max Reply Tm 1...65535 1 3 Maximum reply
Thres timeouts threshold
Max Authn Rekey 1...65535 1 3 Maximum authen-
Thres tication rekeys
threshold
Max Err Msg Tx 1...65335 1 10 Maximum error
Thres messages sent
threshold
Event Class Obj 122 | 1= 1=1 Event Class for Obj
122
2=2
3=3
4=182
5=1&3
6=2&3
7=1828&3

Default Var Obj 122

1=32bit SecStat evt
2=32bit SecStat

1=32bit SecStat evt

1=32bit Secure
Statistics event;
2=32bit Secure Sta-

evt&time tistics event with
time
Clear User List O=False O=False Clear DNP Secure
authentication User
1=True List

3.1.21

DNP 3.0 Secure statistics thresholds settings

Table 27: Non group settings

Parameter Values (Range) Unit Step Default Description
Unexpected Msgs | 1...65535 1 3 Security statistics
threshold for unex-
pected messages
Auth failures 1...65535 1 5 Security statistics
threshold for au-
thorization failures
Authn failures 1...65535 1 5 Security statistics

threshold for au-
thentication fail-

ures

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
Reply timeouts 1...65535 1 3 Security statistics
threshold for reply
timeouts
Rekeys Authn fail- | 1...65535 1 3 Security statistics
ure threshold for re-
keys due to authen-
tication failure
Total Msgs Tx 1...65535 1 100 Security statistics
threshold for total
messages sent
Total Msgs Rx 1...65535 1 100 Security statistics
threshold for total
messages received
Total Crit Msgs Rx | 1...65535 1 100 Security statistics
threshold for total
critical messages
received
Discarded Msgs 1...65535 1 10 Security statistics
threshold discar-
ded messages
Error Msgs Tx 1...65535 1 10 Security statistics
threshold error
messages sent
Error Msgs Rx 1...65535 1 10 Security statistics
threshold error
messages received
Successful Authn 1...65535 1 100 Security statistics
threshold for suc-
cessful authentica-
tions
Sesn key Chg 1...65535 1 10 Security statistics
threshold for ses-
sion key changes
Failed Sesn key 1...65535 1 5 Security statistics
Chgs threshold for
failed session key
changes
Upd key Chgs 1...65535 1 1 Security statistics
threshold for up-
date key changes
Failed Upd key 1...65535 1 1 Security statistics
Chgs threshold for
failed update key
changes
3.1.22 DNP 3.0 Monitored data
Table 28: Monitored data
Name Type Values (Range) Unit Description
Customization Mode Enum 0=Off/Normal Protocol Customization
Mode
1=By Parameter
2=By File
Reset counters BOOLEAN O=False Reset counters
1=True
Received frames INT32 -1...2147483646 Received frames
Transmitted frames INT32 -1...2147483646 Transmitted frames
Physical errors INT32 -1...2147483646 Physical layer errors
Link errors INT32 -1...2147483646 Link layer errors
Transport errors INT32 -1...2147483646 Transport layer errors
Mapping errors INT32 -1...2147483646 Mapping errors
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3.1.23 DNP 3.0 Secure monitored data
Table 29: Monitored data
Name Type Values (Range) Unit Description
Unexp Msgs Cnt INT32 0...2147483646 Security statistics coun-
ter for unexpected mes-
sages
Auth Fail Cnt INT32 0...2147483646 Security statistics coun-
ter for authorization
failures
Authn Fail Cnt INT32 0...2147483646 Security statistics coun-
ter for authentication
failures
Reply timeouts Cnt INT32 0...2147483646 Security statistics coun-
ter for reply timeouts
Rekey Authn Fail Cnt INT32 0...2147483646 Security statistics coun-
ter for rekeys due to au-
thentication failure
Total Msgs Tx INT32 0...2147483646 Security statistics coun-
ter for total messages
sent
Total Msgs Rx INT32 0...2147483646 Security statistics coun-
ter for total messages
received
Critical Msgs Rx Cnt INT32 0...2147483646 Security statistics coun-
ter for critical messag-
es received
Discarded Msgs Cnt INT32 0...2147483646 Security statistics coun-
ter for discarded mes-
sages
Err Msgs Tx Cnt INT32 0...2147483646 Security statistics coun-
ter error messages sent
Err Msgs Rx Cnt INT32 0...2147483646 Security statistics coun-
ter error messages re-
ceived
Successful Authn Cnt INT32 0...2147483646 Security statistics coun-
ter for successful au-
thentications
Session Key Chg Cnt INT32 0...2147483646 Security statistics coun-
ter for session key
changes
Fail Ses Key Chg Cnt INT32 0...2147483646 Security statistics coun-
ter for failed session
key changes
Upd Key Chgs Cnt INT32 0...2147483646 Security statistics coun-
ter update key changes
Fail Upd Key Chgs Cnt INT32 0...2147483646 Security statistics coun-
ter for failed update key
changes
3.1.24 COML1 Settings
Table 30: Non group settings
Parameter Values (Range) Unit Step Default Description
Serial mode 1=RS485 2Wire 1=RS485 2Wire Serial mode
2=RS485 4Wire
3=RS232 no hand-
shake
Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
4=RS232 with hand-
shake
Baudrate 1=300 6=9600 Baudrate
2=600
3=1200
4=2400
5=4800
6=9600
7=19200
8=38400
9=57600
10=115200
3.1.25 COM1 Monitored data
Table 31: Monitored data
Name Type Values (Range) Unit Description
Characters received INT32 -1...2147483646 Characters received
Frames received INT32 -1...2147483646 Number of successfully
received frames
Frames discarded INT32 -1...2147483646 Number of discarded
frames
Frames transmitted INT32 -1...2147483646 Number of transmitted
frames
CD lost INT32 -1...2147483646 CD lost
Collision INT32 -1...2147483646 Collision
CTS Timeout INT32 -1...2147483646 CTS Timeout
Transmission timeout | INT32 -1...2147483646 Transmission timeout
Parity errors INT32 -1...2147483646 Number of parity errors
Overrun errors INT32 -1...2147483646 Number of overrun er-
Framing errors INT32 -1...2147483646 Number of framing er-
Reset counters BOOLEAN O=False Resets counters
1=True
3.1.26 COM2 Settings
Table 32: Non group settings
Parameter Values (Range) Unit Step Default Description

Serial mode

1=RS485 2Wire
2=RS485 4Wire

3=RS232 no hand-
shake

4=RS232 with hand-
shake

1=RS485 2Wire

Serial mode

Fiber mode - : 0=No fiber Fiber mode (light
0=No fiber ON/OFF =idle)
Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
1=Fiber light ON
loop
2=Fiber light OFF
loop
3=Fiber light ON
star
4=Fiber light OFF
star
Baudrate 1=300 6=9600 Baudrate
2=600
3=1200
4=2400
5=4800
6=9600
7=19200
8=38400
9=57600
10=115200
3.1.27 COM2 Monitored data
Table 33: Monitored data
Name Type Values (Range) Unit Description
Characters received INT32 -1...2147483646 Characters received
Frames received INT32 -1...2147483646 Number of successfully
received frames
Frames discarded INT32 -1...2147483646 Number of discarded
frames
Frames transmitted INT32 -1...2147483646 Number of transmitted
frames
CD lost INT32 -1...2147483646 CD lost
Collision INT32 -1...2147483646 Collision
CTS Timeout INT32 -1...2147483646 CTS Timeout
Transmission timeout | INT32 -1...2147483646 Transmission timeout
Parity errors INT32 -1...2147483646 Number of parity errors
Overrun errors INT32 -1...2147483646 Number of overrun er-
rors
Framing errors INT32 -1...2147483646 Number of framing er-
rors
Reset counters BOOLEAN O=False Resets counters
1=True
3.1.28 10 modules settings
Table 34: Non group settings
Parameter Values (Range) Unit Step Default Description
Slot specific O=False O=False Use slot specific bi-
threshold nary input voltage
threshold
Table continues on the next page
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Parameter

Values (Range) Unit Step Default Description

1=True

Slot specific hyste-
resis

O=False Use slot specific bi-
nary input voltage

hysteresis

O=False
1=True

Input threshold
voltage

16...176 Vdc 2 16 Global binary input
threshold for all

slots

Input threshold
hysteresis

10...50 % 2 10 Global binary input
hysteresis for all

slots

Input osc. level

2..50 events/s 1 30 Binary input oscil-
lation suppression

threshold

Input osc. hyst

2..50 events/s 1 10 Binary input oscil-
lation suppression

hysteresis

3.2

Communication

The protection relay supports a range of communication protocols including IEC
61850, IEC 61850-9-2 LE, IEC 60870-5-103, IEC 60870-5-104, Modbus® and DNP3.
Profibus DPV1 communication protocol is supported by using the protocol converter
SPA-ZC 302. Operational information and controls are available through these
protocols. However, some communication functionality, for example, horizontal
communication between the protection relays, is only enabled by the IEC 61850
communication protocol.

One full IEC 61850-9-2 LE stream containing both voltages and currents can be
sent. Receiving of up to four SMV streams is supported with a total of maximum
16 channels. The channels are freely configurable with the possibility to engineer
SMV stream redundancy using the voltage and current switch functions with
either another SMV stream or local measurements. The SMV stream quality along
with other Application Configuration logic can be used for switching between
measurement sources.

The IEC 61850 communication implementation supports all monitoring and control
functions. Additionally, parameter settings, disturbance recordings and fault
records can be accessed using the IEC 61850 protocol. Disturbance recordings

are available to any Ethernet-based application in the IEC 60255-24 standard
COMTRADE file format. The protection relay can send and receive binary signals
from other devices (so-called horizontal communication) using the IEC 61850-8-1
GOOSE profile, where the highest performance class with a total transmission time
of 3 ms is supported. Furthermore, the protection relay supports sending and
receiving of analog values using GOOSE messaging. The protection relay meets
the GOOSE performance requirements for tripping applications in distribution
substations, as defined by the IEC 61850 standard.

The protection relay can support five simultaneous clients. If PCM600 reserves one
client connection, only four client connections are left, for example, for IEC 61850
and Modbus.

All communication connectors are placed on integrated optional communication
modules. The protection relay can be connected to Ethernet-based communication
systems via the RJ-45 connector (100Base-TX) or the fiber-optic LC connector
(100Base-FX).
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3.2.1

3.2.2

The LHMI has two R3-45 connectors. One is for connecting the LHMI to the
protection relay main unit and the second is a service port which is used for
connecting the LHMI and a computer. This computer can be, for example, a laptop
with the PCM600 engineering tool or a browser for WHMI.

An optional serial interface is available for RS-485 communication.

Ethernet addresses for HMI

There is a DHCP server available at X0 port that can provide an IP address and a
netmask for one client. The service port on the LHMI has a DHCP server that can
also serve one client. To use WHMI or PCM600, a PC can be connected either directly
to X0 port or to the LHMI's service port. In both cases, the PC can use the DHCP
client to receive the IP address automatically.

If the LHMI is connected to the relay through the station network, the service port
still offers the DHCP server even if the LHMI's main unit port uses a static address.
The LHMI device functions as a router between the PC and the protection relay.

Main unit's X0 port IP address can also be changed to avoid conflicts with other
network addresses. Parameter is located under Configuration/Communication/
Ethernet/HMI address. Subnet mask for X0 IP address is always 255.255.255.0 and
cannot be changed.

Self-healing Ethernet ring

The protection relay supports a self-healing ring solution for small installations. For
the correct operation of self-healing ring topology, the network topology must be
aring. It is essential that the external switches in the network support the RSTP
protocol and that it is enabled in the switches. Otherwise, connecting the ring
topology can cause problems to the network.

The protection relay itself does not support link-down detection or RSTP. The

ring recovery process is based on the aging of the MAC addresses and the link-
up/linkdown events can cause temporary breaks in communication. For a better
performance of the self-healing ring, it is recommended that the external switch
furthest from the protection relay loop is assigned as the root switch (bridge
priority = 0) and the bridge priority increases towards the protection relay ring.
The end links of the protection relay loop can be attached to the same external
switch or to two adjacent external switches. If two adjacent external switches are
connected to the relay loop, the point-to-point Ethernet link connecting these two
switches should be prioritized by setting higher RSTP priority (lower setting value
for port priority). This ensures that most of the network traffic that is not meant for
the relays flows between the Ethernet switches.

The self-healing ring solution supports the connection of up to 30
protection relays. However, the HSR or PRP network is recommended to
ensure redundant and proper functionality.

Self-healing is not recommended for time-critical applications using IEC
61850-9-2 and PTP due to longer recovery time. Instead, HSR/PRP is
recommended to ensure reliable performance.
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3.23

Ethernet redundancy

IEC 61850 specifies a network redundancy scheme that improves the system
availability for substation communication. It is based on two complementary
protocols defined in the IEC 62439-3:2012 standard: parallel redundancy protocol
PRP and high-availability seamless redundancy HSR protocol. Both protocols rely on
the duplication of all transmitted information via two Ethernet ports for one logical
network connection. Therefore, both are able to overcome the failure of a link or
switch with a zero-switchover time, thus fulfilling the most demanding real-time
application requirements for the substation automation.

Ethernet network redundancy can be achieved using HSR or PRP and it is applied to
all services using the Ethernet/TCP network.

PRP specifies that each device is connected in parallel to two local area networks.
HSR applies the PRP principle to rings and to the rings of rings to achieve
cost-effective redundancy. Thus, each device incorporates a switch element that
forwards frames from port to port.

IEC 62439-3:2012 cancels and replaces the first edition published in 2010.

ﬂ These standard versions are also referred to as IEC 62439-3 Edition 1 and
IEC 62439-3 Edition 2. The protection relay supports IEC 62439-3:2016
(Edition 3) and IEC 62439-3:2012 and it is not compatible with IEC
62439-3:2010.

PRP

Each PRP node, called a double attached node with PRP (DAN), is attached to

two independent LANs operated in parallel. These parallel networks in PRP are
called LAN A and LAN B. The networks are completely separated to ensure failure
independence, and they can have different topologies. Both networks operate in
parallel, thus providing zero-time recovery and continuous checking of redundancy
to avoid communication failures. Non-PRP nodes, called single attached nodes
(SANSs), are either attached to one network only (and can therefore communicate
only with DANs and SANs attached to the same network), or are attached through a
redundancy box, a device that behaves like a DAN.
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Figure 10: Parallel redundancy protocol solution

In case a laptop or a PC workstation is connected as a non-PRP node to one of

the PRP networks, LAN A or LAN B, it is recommended to use a redundancy box
device or an Ethernet switch with similar functionality between the PRP network
and SAN to remove additional PRP information from the Ethernet frames. In some
cases, default PC workstation adapters are not able to handle the maximum-length
Ethernet frames with the PRP trailer.

There are different alternative ways to connect a laptop or a workstation as SAN to a
PRP network.

- Via an external redundancy box (RedBox) or a switch capable of connecting to
PRP and normal networks

« By connecting the node directly to LAN A or LAN B as SAN

« By connecting the node to the protection relay's interlink port

HSR

HSR applies the PRP principle of parallel operation to a single ring, treating the

two directions as two virtual LANs. For each frame sent, a node, DAN, sends two
frames, one over each port. Both frames circulate in opposite directions over the
ring and each node forwards the frames it receives, from one port to the other.
When the originating node receives a frame sent to itself, it discards that to avoid
loops; therefore, no ring protocol is needed. Individually attached nodes, SANs, such
as laptops and printers, must be attached through a “redundancy box” that acts as
aring element. For example, a REX640 protection relay with HSR support can be
used as a redundancy box.

Each protection relay has a 50-us store-and-forward delay. To fulfil
the performance requirements for fast horizontal communication for
protection applications using GOOSE and SMYV, the ring size is limited
to 30 protection relays.
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Figure 11: High-availability seamless redundancy solution

Interlink port

In the relay redundant COM module, the port without LAN-A/LAN-B tag is so called
interlink-port. This port can be used to connect a device directly to the relay. Mainly
this port should be used to connect a single point-to-point device, such as RIO600.
Although it is possible, it not recommended to connect big amount of devices
behind the interlink port, thus making the relay act as a hub between two network
segments. The relay should preferrably act as a network end-device, and not as a
hub for network traffic.

Process bus

Process bus IEC 61850-9-2 defines the transmission of Sampled Measured Values
within the substation automation system. International Users Group created a
guideline IEC 61850-9-2 LE that defines an application profile of IEC 61850-9-2

to facilitate implementation and enable interoperability. Process bus is used for
distributing process data from the primary circuit to all process bus compatible
devices in the local network in a real-time manner. The data can then be processed
by any protection relay to perform different protection, automation and control
functions.

Redundant SMV streams are also supported by using the voltage (VMSWI) and
current (CMSWI) function blocks. Automatic switching to the backup SMV stream
can be configured in Application Configuration using SMV quality and/or other
logic.

UniGear Digital switchgear concept relies on the process bus together with current
and voltage sensors. The process bus enables several advantages for the UniGear
Digital like simplicity with reduced wiring, flexibility with data availability to all
devices, improved diagnostics and longer maintenance cycles.

With process bus the galvanic interpanel wiring for sharing busbar voltage value
can be replaced with Ethernet communication. Transmitting measurement samples
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over process bus brings also higher error detection because the signal transmission
is automatically supervised. Additional contribution to the higher availability is the
possibility to use redundant Ethernet network for transmitting SMV signals.

Common Ethernet
Station bus (IEC 61850-8-1), process bus (IEC 61850-9-2 LE) and IEEE 1588 v2 time synchronization
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Figure 12: Process bus application of voltage sharing and synchrocheck

REX640 supports IEC 61850 process bus with sampled values of analog currents
and voltages. The measured values are transferred as sampled values using the IEC
61850-9-2 LE protocol which uses the same physical Ethernet network as the IEC
61850-8-1 station bus. One example application is sharing the measured busbar
voltage from one or several REX640 relays with the other REX640 relays. This can be
done even for a double busbar switchgear installation using automatic 9-2 stream
selection based on the bus disconnectors' physical position.

REX640 protection relays with process bus based applications use IEEE 1588 v2
Precision Time Protocol (PTP) according to IEEE C37.238-2011 or IEC 61850-9-3
profiles for high accuracy time synchronization. With IEEE 1588 v2, the cabling
infrastructure requirement is reduced by allowing time synchronization information
to be transported over the same Ethernet network as the data communications.
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Figure 13: Example network topology with process bus, redundancy and IEEE 1588
v2 time synchronization

3.2.5 Secure communication

The protection relay supports secure communication for WHMI and file transfer
protocol using Transport Layer Security protocol. The WHMI must be connected
from a Web browser using the HTTPS protocol. File transfer client must use explicit

FTPS.
3.2.6 Communication services control
3.2.6.1 Ethernet ports

The protection relay allows the use of a secondary IP address for the station ports
on the communication modules COM1001...COM1003. This secondary IP network is
assigned to a single Ethernet port and can be used to make separate networks

for different communication protocols or, for example, a separate service network
for configuration purposes. Multicast station/bus communication, such as IEC
61850-9-2 LE sampled values and GOOSE, is only supported on the Network 1
interface. The parameters for setting the secondary IP network are located under
Configuration > Communication > Ethernet > Network 2 address.
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Table 35: Secondary IP address parameters

Parameter

Options

Description

Configuration/Communication/Ether-
net/Network 2 address/ Enable

False (default)

Network 2 disabled

TRUE

Network 2 enabled

net/Network 2 address/IP address

Configuration/Communication/Ether- 0.0.0.0 IP address for Net-
net/Network 2 address/IP address work 2
Configuration/Communication/Ether- 0.0.0.0 Subnet address for

Network 2

Configuration/Communication/Ether-
net/Network 2 address/MAC address

XX=XX=XX=XX=XX-XX

MAC address for Net-
work 2

The IP address for Network 2 is disabled by default settings, and all Ethernet
ports are assigned to the same IP address used in the Network 1 address menu
Configuration > Communication > Ethernet > Network 1. If Network 2 is taken
into use by the setting Enable="True" (requires reboot), the interlink port X3 of the
COM module is assigned to this second network, using the IP address and subnet
parameters in the Network 2 address menu Configuration > Communication >

Ethernet > Network 2 address.

If the Network 2 interface is enabled, PTP time synchronization and SMV/
GOOSE multicast are disabled for that port.

The secondary IP setting must not collide with the primary Network 1 IP
address or LHMI IP address, otherwise the secondary IP address is not

taken into use.
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Figure 14: Ethernet modes with Network 1 and Network 2

1 Network 1
2 Network 1 / Network 2

3.2.6.2 Protocol control
It is possible to allow or block different protocols for different network interfaces
in the protection relay using the parameters in Configuration > Communication >
Protocols > Networkl, Configuration > Communication > Protocols > Network?2
and Configuration > Communication > Protocols > HMI Port.
All protocols are allowed for each network by default, and can be separately
disabled.
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3.2.6.3

Table 36: Protocol control in the protection relay

Parameter Options Description
Configuration/Communication/Proto- Off Denies FTP and FTPS
cols/Network1/FTP on Allows FTP and FTPS

Secure (Default)

Allows FTPS only

Configuration/Communication/Proto-
cols/Network2/FTP

off

Denies FTP and FTPS

On

Allows FTP and FTPS

Secure (Default)

Allows FTPS only

Configuration/Communication/Proto-
cols/HMI Port/FTP

Off

Denies FTP and FTPS

On

Allows FTP and FTPS

Secure (Default)

Allows FTPS only

Configuration/Communication/Proto-
cols/Networkl/HTTPS

Off

Denies HTTPS

On (Default) Allows HTTPS
Configuration/Communication/Proto- Off Denies HTTPS
cols/Network2/HTTPS On (Default) Allows HTTPS

Configuration/Communication/Proto-
cols/Networkl/MMS

Off

Denies IEC 61850 MMS

On (Default)

Allows IEC 61850 MMS

Configuration/Communication/Proto-
cols/Network2/MMS

off

Denies IEC 61850 MMS

On (Default)

Allows IEC 61850 MMS

Configuration/Communication/Proto-
cols/HMI Port/MMS

Off

Denies IEC 61850 MMS

On (Default)

Allows IEC 61850 MMS

Configuration/Communication/Proto- Off Denies DNP3
cols/Network1l/DNP On (Default) Allows DNP3
Configuration/Communication/Proto- Off Denies DNP3
cols/Networkz/DNP On (Default) Allows DNP3

Configuration/Communication/Proto-
cols/Networkl/Modbus

off

Denies Modbus

On (Default)

Allows Modbus

Configuration/Communication/Proto-
cols/Network2/Modbus

Off

Denies Modbus

On (Default)

Allows Modbus

Configuration/Communication/Proto-
cols/Networkl/ IEC-60870-5-104

off

Denies IEC 60870-5-104

On (Default)

Allows IEC 60870-5-104

Configuration/Communication/Proto-
cols/Network2/ IEC-60870-5-104

Off

Denies IEC 60870-5-104

On (Default)

Allows IEC 60870-5-104

Protocol write access rights

Write access rights are configurable for FTP, MMS, and HTTPS protocols in
Configuration > Authorization. The write access parameters are used to narrow
down services that allow setting changes on different network interfaces. Disabling
the FTP and IEC 61850 MMS write access on Network 1 and 2 prevents the user

from updating the configuration to the protection relay from PCM600. Disabling the
HTTPS write access prevents the user from writing setting changes from WHMI.
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Table 37: Protocol write access in the protection relay

Parameter

Options

Description

Configuration/Authorization/Net-
workl/FTP write access

Off

FTP write access denied for
Network 1

On (Default)

FTP write access allowed for
Network 1

Configuration/Authorization/Net-
workl/MMS write access

Off

IEC 61850 MMS write access
denied for Network 1

On (Default)

IEC 61850 MMS write access
allowed for Network 1

Configuration/Authorization/Net-
workl/HTTPS write access

Off

HTTPS write access denied
for Network 1

On (Default)

HTTPS write access allowed
for Network 1

Configuration/Authorization/Net-
work2/FTP write access

Off

FTP write access denied for
Network 2

On (Default)

FTP write access allowed for
Network 2

Configuration/Authorization/Net-
work2/MMS write access

Off

IEC 61850 MMS write access
denied for Network 2

On (Default)

IEC 61850 MMS write access
allowed for Network 2

Configuration/Authorization/Net-
work2/HTTPS write access

Off

HTTPS write access denied
for Network 2

On (Default)

HTTPS write access allowed
for Network 2

Configuration/Authoriza-
tion/HMI/FTP write access

Off

FTP write access denied for
the HMI port

On (Default)

FTP write access allowed for
the HMI port

Configuration/Authoriza-
tion/HMI/MMS write access

Off

IEC 61850 MMS write access
denied for the HMI port

On (Default)

IEC 61850 MMS write access
allowed for the HMI port

PCMG600 is using FTP or FTPS protocol to communicate with the
protection relay. If the FTP write access is disabled for a network PCM600
functionality is limited to support read operations only from Disturbance
handling, Event viewer and Parameter Setting.

Enabling Network 2 IP address requires additional configuration in
PCM600 to define IEC 61580 subnetworks. This configuration is done
via Ethernet Configuration and IEC 61850 Configuration in PCM600.

Serial port supervision SERLCCH
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3.2.71 Function block
GSELPRT1 ﬂ
ALARMe
O:188[T:2,5[11
Figure 15: Function block
3.2.7.2 Functionality
The function block represents the IEC61850 GOOSE communication monitoring and
diagnostics in the relay. Function block includes the GOOSE diagnostic counters
that can be accessed via HMI, and ALARM output.
ALARM output indicates if overall GOOSE communication status is good or not.
If ALARM output status is “False”, all GOOSE inputs are receiving data within the
timeout limits. If the output is “True”, there is an issue (e.g. timeout or decoding),
with one or more of GOOSE inputs in the relay.
For more information on the GOOSE configuration and monitoring refer to the
IEC61850 engineering manual.
3.2.8 Serial port supervision SERLCCH
3.2.8.1 Function block
SERLCCH1 @
CH1LIVe
LNK1LIVe
Figure 16: Function block
3.2.8.2 Functionality
The serial port supervision function SERLCCH represents one serial communication
port driver. Depending on the hardware configuration, the protection relay can be
equipped with two UART-based serial communication ports. The communication
ports can be both galvanic (RS-485) or one port could be fiber-optic. The protection
relay uses the ports for serial communication protocol links.
Serial communication drivers are identified in the device configuration as COM1
and COM2, which correspond to function blocks SERLCCH1 and SERLCCH?2,
respectively. Each COM port driver has its own setting parameters on the HMI under
Configuration > Communication > COMn (n=1,2).
Output LNKxLIV is active (TRUE) whenever characters are received on the serial
interface. Output CHxLIV is active (TRUE) while complete link frames are received.
Both outputs go to FALSE state after 15 seconds of inactivity on the port.
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3.2.9

3.2.10

Assigning of a serial communication protocol to a COM
serial port

The settings of the serial communication protocol instance include a setting
parameter, called either Port or Serial port, which is used to select the COM1 or
COM2 setting.

Since not all serial protocol standards allow changes in link parameters,

ﬂ all link setting parameters are not found in the COMn settings. Additional
link setting parameters are found in the setting parameter list of the
used serial protocol.

Physical locations of the serial channels

The physical location of the COM1 and COM2 drivers depends on the link mode
used which, in turn, depends on the used communication hardware option. Serial
channels can be found on communication boards COM1004...COM1005.

« X7is the fiber-optic interface. Only driver COM2 can be configured into fiber-
optic mode.

« X8 is the RS-485/IRIG-B interface. Both drivers COM1 and COM2 can be
configured to this interface: COM1 and COM2 can act as two RS-485 2-wire links
or, alternatively, COM1 can act as one single RS-485 4-wire link. Both ports are
galvanically isolated serial communication ports.

Table 38: Connector X8 signals

Pin No

Pin name

Description

Alternative

GND

EARTH

GNDC

GND connected to
earth via 1nF capaci-
tor

NC

IRIG-B -

ISOL2_GND

IRIG-B +

ISOL_GND

RS485 GND

RS485 B1/-

2-wire -, COM1

4-wire TX pair, COM1

RS485 Al/+

2-wire +, COM1

4-wire TX pair, COM1

RS485 B2/-

2-wire -, COM2

4-wire RX pair, COM1

RS485 A2/+

2-wire +, COM2

4-wire RX pair, COM1
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Figure 17: X8 connector pinout for socket on communication board

Table 39: LED configuration (COM1004...COM1005)

LED Description
X1 X1 LANA

X2 X2 LANB

X6 X6 LD

X7TX FO-UART

X8 TX RS-485/COM2
X8 TX RS-485/COM1
IRIG-B IRIG-B
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3.2.11 RS-485 bias and termination settings

A 6 x DIP switch is located on the COM1004...COM1005 cards. The COM card
needs to be pulled out from the relay case to access the switch. See Figure 18

for the location of the switch. RS-485 biasing and termination settings are possible

through this switch. If the switch is in “OFF” position, bias and termination are

disabled and in “ON” position, they are enabled.

Figure 18: DIP switches on the COM1004...COM1005 cards

Table 40: Bias and termination DIP switch

Switch Signal X8 pin Type

1 RS485_Al/+ 8 Bias

2 RS485_Al/+ Bus termination
RS485 B1/-

3 RS485_B1/- 7 Bias

4 RS485_A2/+ 10 Bias

5 RS485 _A2/+ Bus termination
RS485 B2/-

6 RS485 B2/- 9 Bias
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3.2.12 Serial link diagnostics and monitoring
Serial communication diagnostics and monitoring is divided between the serial link
driver and the serial communication protocol. The lower-level physical and protocol-
independent aspects of the UART-based serial communication are monitored in the
serial link driver. Diagnostic counters and monitoring values are located on the HMI
under Monitoring > Communication > COMn (n=1,2,...).
Depending on the communication protocol, the serial driver software receives single
characters or complete protocol frames, based on the frame start/stop characters
or on link frame timing.
Table 41: Setting parameters

Parameter Description

Fiber mode Defines the fiber-optic mode used. Setting "No fiber" is the
same as galvanic mode.

Serial mode Used for galvanic RS-485 modes 2- or 4-wire. This setting is
relevant only if Fiber mode is set to "No fiber".

Baudrate Communication speed used.

Table 42: Diagnostic counters and indications

Counters Description

Characters received Counts all incoming non-erroneous characters. This counter
operates regardless of whether the serial driver is set to de-
tect a whole protocol link frame or just separate characters.

Frames received Counts all protocol-specific non-erroneous frames received.
Protocol-specific frames can be based on timing (for exam-
ple, Modbus RTU) or on special start and stop characters (for
example, Modbus ASCII).

Frames discarded Counts all protocol-specific erroneous frames received. If the
driver detects an error while receiving a frame, the whole
frame is automatically discarded. This also means that the
protocol in question never receives a faulty link frame from
the driver. When this counter is incremented, one of the de-
tailed error counters (Parity, Overrun, Framing) can also be
incremented.

Frames transmitted Counts all protocol-specific frames transmitted from the
COM channel.

Collisions Counts the number of transmission collisions that have oc-
curred. Used in RS-485 mode by some protocols where trans-
missions could collide with reception. For example, DNP3 un-
solicited reporting mode.

Parity errors Counts the number of parity errors detected in characters
received.

Overrun errors Counts the number of overrun errors detected in characters
received.

Framing errors Counts the number of framing errors detected in characters
received.

Link status In write direction: By writing value 1 to this parameter, all the
diagnostic counters are reset to O.

Link status In monitoring direction: If the driver instance is in use by any
communication protocol, the monitoring value shows value
1. Otherwise, the value is 0.
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3.2.13 Modbus protocol MBSLPRT
3.2.13.1 Function block
MBSLPRTL
STATUSe
Figure 19: Function block
3.2.13.2 Functionality
The function block represents a Modbus server protocol instance in the protection
relay. Function block settings include communication interface assignment for the
instance, that is, Ethernet/TCP or serial.
A Modbus server protocol instance is activated if the function block instance is
added to the application configuration. The setting Operation should be "On" and
setting Port should have the communication interface assignment.
The STATUS output of the function block is active if Modbus client requests have
been received on the communication interface within 15 seconds.
By default no Modbus data is mapped to the protocol interface. Protocol data
has to be created using Communication Management in PCM600. There are two
mapping sets, “Mapping 1” and “Mapping 2”, and either can be used. Setting
parameter Mapping selection points to the mapping set used. Several Modbus
protocol instances can point to the same mapping set.
For more information on the Modbus server protocol, see the Modbus
communication protocol manual.
3.2.14 DNP3 protocol DNPLPRT
3.214.1 Function block
DNPLPRTL |
STATUSe
Figure 20: Function block
3.2.14.2 Functionality
The function block represents one DNP3 server protocol instance in the protection
relay. Function block settings include communication interface assignment for the
instance, that is, Ethernet/TCP(+UDP) or serial.
Over Ethernet/TCP, the protocol optionally supports secure authentication with
symmetric keys. The implementation follows the IEC 62351-5 security standard
specification as well as the descriptions in DNP3 standard part 7, IP-networking
chapter "Secure authentication".
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3.2.15

3.2.15.1

3.2.15.2

A DNP3 server protocol instance is activated if the function block instance is added
to the application configuration. The setting Operation should be "On" and setting
Port should have the communication interface assignment.

The STATUS output of the function block is active if DNP3 client requests or DNP3
supervision messages have been received on the communication interface within an
interval defined by the link keep-alive parameter.

By default no DNP3 data is mapped to the protocol interface. Protocol data has to
be created using Communication Management in PCM600. There are two mapping
sets, “Mapping 1” and “Mapping 2”7, and either can be used. Setting parameter
Mapping selection points to the mapping set used. Several DNP3 protocol instances
can point to the same mapping set.

For more information on the DNP3 server protocol, see the DNP3 communication
protocol manual.

IEC 60870-5-103 protocol I3CLPRT

Function block
I3CLPRT1 a|

e EC_ FRZ STATUSe

Figure 21: Function block

Functionality

The function block represents one IEC 60870-5-103 server protocol instance in
the protection relay. Function block settings include communication interface
assignment for the instance, that is, serial communication port 1 or 2.

An |IEC 60870-5-103 server protocol instance is activated if the function block
instance is added to the application configuration. The setting Operation should be
"On" and setting Serial port should have the communication interface assignment.

The STATUS output of the function block is active if IEC 60870-5-103 client requests
have been received on the communication interface within 15 seconds.

The function block input EC_FRZ relates to possible ASDU 205 (mostly energy)
counters defined in the protection relay. Activation of the EC_FRZ input freezes
and captures the current ASDU 205 counter values and sends them to the IEC
60870-5-103 client. Several options for the activation exist.

1. EC_FRZ object exists as a control object in the IEC 60870-5-103 data model, and
can be written from the client.

2. EC_FRZ physical input can be activated from an internal or external timer
application signal.

By default most IEC 60870-5-103 data is pre-mapped to the protocol interface.
However, protocol data can be deleted, added and modified using Communication
Management in PCM600.

For more information on the IEC 60870-5-103 server protocol, see the IEC
60870-5-103 communication protocol manual.
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3.2.16

3.2.16.1

3.2.16.2

3.3

IEC 60870-5-104 protocol ISCLPRT

Function block
I5CLPRTA ﬂ

& T_FRZ STATUS®

Figure 22: Function block

Functionality

The function block represents one IEC 60870-5-104 TCP/IP server protocol instance
in the protection relay.

An |IEC 60870-5-104 server protocol instance is activated if the function block
instance is added to the application configuration. The setting Operation should
be "On".

The protocol optionally supports secure authentication version with symmetric
keys. The implementation follows the IEC 62351-5 security standard specification
and the descriptions in the pro-tocol standard part IEC 60870-5-7 “Transmission
procedures, extension for secure communica-tion”. Functionality is limited to single
user mode only.

The STATUS output of the function block is active if IEC 60870-5-104 client activity is
noticed on the communication interface within 15 seconds.

The function block input IT FRZ relates to the IEC 610870-5-104 integration totals
counter objects defined in the protection relay. The IT FRZ input can be configured
for external counter freezing.

By default no IEC 60870-5-104 data objects are mapped to the protocol instance.
Protocol data can be added and modified using Communication Management in
PCM600.

For more information on the IEC 60870-5-104 server protocol, see the IEC
60870-5-104 communication protocol manual.

Self-supervision

The protection relay's extensive self-supervision system continuously supervises the
relay’s software, hardware and certain external circuits. It handles the run-time fault
situation and informs the user about a fault via the LHMI, the relay's main unit
power module Ready LED and through the communication channels. The target

of the self-supervision is to safeguard the relay’s reliability by increasing both
dependability and security. The dependability can be described as the relay’s ability
to operate when required. The security can be described as the relay scheme’s
ability to refrain from operating when not required. The dependability is increased
by letting the system operators know about the problem, giving them a chance

to take the necessary actions as soon as possible. The security is increased by

REX640
Technical Manual

97



Basic functions

1MRS759142 F

preventing the relay from making false decisions, such as issuing false control
commands.

There are two types of fault indications.

« Internal faults

« Warnings

Warnings are indications of less severe situations which can also be caused by
external reasons, for example, in case the RTD sensor measurement circuit is not
complete.

On the LHMI, the self-supervision status is available as an advanced page under
Relay Status page. The self-supervision status is indicated with Internal Fault,
Warning and All OK LEDs. In normal operation, All OK LED is lit. The selfsupervision
also controls the status of IRF output relay. The IRF output relay is energized under
normal conditions and de-energized under internal fault conditions.

RREE?;EE]L‘O Relay Status 2121152928 2?
Monitoring . Self-supervision Status
© Internal Fault More Information
© warning More Information
© AlOK

Boot time: 21.11.2018 10:26:52.934, Boot reason: Recovery

Figure 23: Relay self-supervision status on local HM/

On the WHMI, the self-supervision status is available under Device menu. The top
right LED indicates the relay status.

AA1J1QO01A1 ® Status

Device / Self-Supervision 21.11.201812:23

Self-Supervision Status

Boot reason: Recovery
Boot time: 21.11.2018 10:26:52:934
All OK

Figure 24: Relay self-supervision status on Web HM/
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In addition, the last boot reason and time are shown on both LHMI and WHMI.

3.3.1 Internal faults

When an internal relay fault is detected, the relay protection operation is disabled,
the self-supervision output relay is de-energized, and the change-over contact is
released. In the main unit, the main indication of an internal fault is a flashing green
Ready LED behind the power module, and on the HMI, a rapidly flashing red Home
button.

Different actions are taken depending on the severity of the internal fault. In case
of a temporary fault, the protection relay tries to recover from the situation by
restarting. The restart procedure includes two stages; when the relay detects a
fault, it restarts itself in a few seconds after the fault occurrence. If the relay did
not recover after the first restart, or the fault reoccurs during the next 60 minutes,
the second restart is delayed for 10 minutes. In case of a permanent fault, the
protection relay stays in the internal fault mode. All output relays are de-energized
and contacts are released for the internal fault. The protection relay continues to
perform internal tests during the fault situation. If the internal fault disappears, the
fault indication LEDs stop flashing and the protection relay returns to the normal
service state.

One possible cause for an internal fault situation is a so-called soft error. The soft
error is a probabilistic phenomenon which is rare in a single device, statistically
not happening more often than once in a relay’s lifetime. No hardware failures are
expected and a full recovery from the soft error is possible by a self-supervision
controlled restart of the relay.

The self-supervision signal output operates on the closed-circuit principle. Under
normal conditions, the IRF output relay is energized and the contact gap 3-5is
closed. If the auxiliary power supply fails or an internal fault is detected, the IRF
output relay is de-energized and the contact gap 3-5 opens.

Normal condition | Fault condition |

IRF IRF

Figure 25: Output contact

The internal fault code indicates the type of internal relay fault. When a fault
appears, the code must be recorded so that it can be reported to ABB customer
service.
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More details about the active internal fault are found on the Relay Status page.
On the LHMI, the internal fault state is indicated with a red LED. More information
about the fault and recovery options can be accessed by tapping More Information.

REX640 . . 21112018 |
REX640 ' . 10:23 3Z :
Monitoring Self-supervision Status
@ Intemal Fault More Information
O Warning More Information
O AloK

Self-supervision will automatically try to recover from the
internal fault by restarting the relay in 6 minutes.

Boot time: 21.11.2018 10:17:51.943, Boot reason: Recovery

Figure 26: Internal fault state indicated with red LED

More Information shows all active faults and the corresponding fault codes. In
addition, a recovery procedure is described.

REX640 : : 21112018 |
REX640 i 10:22 & :

Date & Time Internal Fault

21.11.2018 10:18:16.728 Card error;slot D

Card self-supervision has detected a fault in the card. Replace
the card in slot D.

Figure 27: More information about the fault
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On the WHMI, internal fault information is shown under Self-Supervision Status.

ABB aanigoial

Device / Self-Supervision

Self-Supervision Status

Boot reason: Recovery

Boot time: 21.11.2018 10:17:51:943

Internal Faults

= Print

DATE & TIME = INTERMAL FAULT DESCRIPTION CODE
2018 10:18:16:728 Card errorslot D Card self-fupérvision has detected a fault in the card. Replace the cand in a4
slot O
Figure 28: Internal fault information on Web HM/
Table 43: Internal fault indications and codes
Slow 10min
self-
recovery
Fast self- :
R Additional recovery (# of TTGERES Action in permanent fault
Fault indication | code information attempt attempts) IRF-mode state
Internal Fault Start up error: No No Yes If relay SW has just been
System error HW/SW mismatch updated, redo it. If not re-
covered, contact your near-
est ABB representative to
check the next possible
corrective action.
Internal Fault Start up or runtime | Yes Yes (3) No Restart the relay. If recov-
System error error: Data bus er- ered by restarting, contin-
ror, CPU module ue relay normal operation.
If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault Start up error: SCL | No No Yes Do factory restore or re-
System error file missing write configuration using
PCM600.
Internal Fault Start up error: No No Yes Do factory restore. If not
System error Missing order num- recovered, contact your
ber nearest ABB representative
to check the next possible
corrective action.
Internal Fault Start up error: Yes Yes (3) No Restart the relay. If recov-
System error FPGA HW error, ered by restarting, contin-
CPU module ue relay normal operation.
If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault Start up error: Yes Yes (3) No Restart the relay or if relay
System error FPGA image cor- SW has just been updated,
rupted, CPU mod- redo it. If recovered by re-
ule starting, continue relay nor-
mal operation. If not recov-
ered by restarting or redo-
ing SW update, replace the
relay, most probably hard-
ware failure in CPU module.
Internal Fault Runtime error: CPU | Yes Yes (3) No Restart the relay. If recov-
System error internal fault ered by restarting, contin-
ue relay normal operation.
If not recover by restart-

Table continues on the next page
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Slow 10min
self-
recovery
Fast self- :
e Additional recovery (# of ITTER e Action in permanent fault
Fault indication | code information attempt attempts) IRF-mode state
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 2 Start up error: Card | Yes Yes (3) No Restart the relay. If recov-
System error init fault ered by restarting, contin-
ue relay normal operation.
If not recovered by restart-
ing, check for example
relay's Information menu
to see which card(s) are
not shown correctly and re-
place it (them).
Internal Fault 7 Start up error or Yes No Yes Restart the relay. If recov-
File system er- runtime error: file ered by restarting, contin-
ror system error ue relay normal operation.
If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 8 Internal fault test | No No - Just check the "Internal
Test activated manually fault test" -setting param-
by the user. eter position, if relay is in
test mode
Internal Fault 10 Start up error: No No Yes Restart the relay. If recov-
SW watchdog Watchdog reset ered by restarting, contin-
error has occurred too ue relay normal operation.
many times within If not recover by restarting,
an hour. Note! This replace the relay.
is different indica-
tion than Warning
code 10: Watchdog
reset
Internal Fault 79 Start up error: EE- | No No Yes Restart the relay. If recov-
LHMI module PROM error in LHMI ered by restarting, contin-
module. The fault ue relay normal operation.
indication may not If not recover by restarting,
be seen on the check LHMI connection ca-
LHMI during the ble and connection to be
fault. proberly fixed. If then not
recovered by restarting, ex-
change the LHMI module.
Internal Fault 79 Runtime error: Yes Yes (3) No Restart the relay. If recov-
LHMI module LHMI LCD error. ered by restarting, contin-
The fault indication ue relay normal operation.
may not be seen If not recover by restarting,
on the LHMI during check LHMI connection ca-
the fault. ble and connection to be
proberly fixed. If then not
recovered by restarting, ex-
change the LHMI module.
Internal Fault 80 Runtime error: Er- | No Yes (3) No Restart the relay. If recov-
RAM error ror in the RAM ered by restarting, contin-
memory on the ue relay normal operation.
CPU module. If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 81 Runtime error: Er- | Yes No Yes Restart the relay. If recov-

ROM error

ror in the ROM
memory on the
CPU module.

ered by restarting, contin-
ue relay normal operation.
If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.

Table continues on the next page
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SO-relay(s), Slot
B

Faulty Signal Out-
put relay(s) in card
located in slot B.

Slow 10min
self-
recovery
Fast self- :
e Additional recovery (# of ITTER e Action in permanent fault
Fault indication | code information attempt attempts) IRF-mode state
Internal Fault 82 Start up error: Er- | No No Yes Restart the relay. If recov-
EEPROM error ror in the EEPROM ered by restarting, contin-
memory on the ue relay normal operation.
CPU module. If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 82 Start up error: CRC | Yes Yes (3) No Restart the relay. If recov-
EEPROM error check failure in the ered by restarting, contin-
EEPROM memory ue relay normal operation.
on boot-up on the If not recover by restart-
CPU module. ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 83 Runtime error: Er- | Yes Yes (3) No Restart the relay. If recov-
FPGA error ror in the FPGA on ered by restarting, contin-
the CPU module. ue relay normal operation.
If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 84 Start up error: Er- | Yes No Yes Restart the relay. If recov-
RTC error ror in the RTC on ered by restarting, contin-
the CPU module. ue relay normal operation.
If not recover by restart-
ing, replace the relay, most
probably hardware failure
in CPU module.
Internal Fault 116 Runtime error: Er- | Yes Yes (3) No Restart the relay. If recov-
COM card error ror in the COM ered by restarting, contin-
card. ue relay normal operation.
If not recover by restarting,
exchange the communica-
tion module in slot X000.
Internal Fault -10 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
C put relay(s) in card starting, continue relay nor-
located in slot C. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot C.
Internal Fault -11 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
E put relay(s) in card starting, continue relay nor-
located in slot E. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot E.
Internal Fault -12 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
A2 put relay(s) in card starting, continue relay nor-
located in slot A2. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot A2.
Internal Fault -13 Runtime error: Yes Yes (3) No Check wirings. Restart the

relay. If recovered by re-
starting, continue relay nor-
mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot B.

Table continues on the next page
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Slow 10min
self-
recovery
Fast self- :
e Additional recovery (# of ITTER e Action in permanent fault
Fault indication | code information attempt attempts) IRF-mode state
Internal Fault -14 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
D put relay(s) in card starting, continue relay nor-
located in slot D. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot D.
Internal Fault -15 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
F put relay(s) in card starting, continue relay nor-
located in slot F. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot F.
Internal Fault -16 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
G put relay(s) in card starting, continue relay nor-
located in slot G. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot G.
Internal Fault -17 Runtime error: Yes Yes (3) No Check wirings. Restart the
SO-relay(s), Slot Faulty Signal Out- relay. If recovered by re-
Al put relay(s) in card starting, continue relay nor-
located in slot Al. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot Al.
Internal Fault -20 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
C put relay(s) in card starting, continue relay nor-
located in slot C. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot C.
Internal Fault -21 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
E put relay(s) in card starting, continue relay nor-
located in slot E. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot E.
Internal Fault -22 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
A2 put relay(s) in card starting, continue relay nor-
located in slot A2. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot A2.
Internal Fault -23 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
B put relay(s) in card starting, continue relay nor-
located in slot B mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot B.
Internal Fault -24 Runtime error: Yes Yes (3) No Check wirings. Restart the

PO-relay(s), Slot
D

Faulty Power Out-
put relay(s) in card
located in slot D.

relay. If recovered by re-
starting, continue relay nor-
mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot D.

Table continues on the next page
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Slow 10min
self-
recovery
Fast self- :
e Additional recovery (# of ITTER e Action in permanent fault
Fault indication | code information attempt attempts) IRF-mode state
Internal Fault -25 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
F put relay(s) in card starting, continue relay nor-
located in slot F. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot F.
Internal Fault -26 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
G put relay(s) in card starting, continue relay nor-
located in slot G. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot G.
Internal Fault -27 Runtime error: Yes Yes (3) No Check wirings. Restart the
PO-relay(s), Slot Faulty Power Out- relay. If recovered by re-
Al put relay(s) in card starting, continue relay nor-
located in slot Al. mal operation. If not recov-
er by restarting, exchange
the hardware module in
slot Al.
Internal Fault -30 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot Cis wrong C is proper type and prop-
o type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-
change the hardware mod-
uleinslot C.
Internal Fault -31 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot E is wrong E is proper type and prop-
E type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-
change the hardware mod-
ulein slot E.
Internal Fault -32 Start up error: Card | No No Yes Check that the communica-
Conf. error, Slot in slot A2 is wrong tion card in slot A2 is prop-
A2 type, is missing, er type and properly instal-
does not belong led. Then restart the relay.
to original configu- If does not then recover by
ration or card firm- restarting, it is hardware
ware is faulty. module failure most likely
in question. Exchange the
communication module in
slot A2.
Internal Fault -33 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot B is wrong B is proper type and prop-
B type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-
change the hardware mod-
ulein slot B.
Internal Fault -34 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot D is wrong D is proper type and prop-
D type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-

Table continues on the next page
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Slow 10min
self-
recovery
Fast self- :
e Additional recovery (# of ITTER e Action in permanent fault
Fault indication | code information attempt attempts) IRF-mode state
change the hardware mod-
ulein slot D.
Internal Fault -35 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot F is wrong F is proper type and prop-
F type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-
change the hardware mod-
ulein slot F.
Internal Fault -36 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot G is wrong G is proper type and prop-
G type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-
change the hardware mod-
ulein slot G.
Internal Fault -37 Start up error: Card | No No Yes Check that the card in slot
Conf. error, Slot in slot Al is wrong Al is proper type and prop-
Al type, is missing, erly installed. Then restart
does not belong the relay. If does not then
to original configu- recover by restarting, it
ration or card firm- is hardware module failure
ware is faulty. most likely in question. Ex-
change the hardware mod-
ulein slot Al.
Internal Fault -40 Cardinslot Cis Yes No Yes Exchange the hardware
Card error, Slot faulty. module in slot C.
C
Internal Fault -41 Cardinslot E is Yes No Yes Exchange the hardware
Card error, Slot faulty. module in slot E.
E
Internal Fault -42 Card in slot A2 is Yes No Yes Exchange the communica-
Card error, Slot faulty. tion module in slot A2.
A2
Internal Fault -43 Card inslot Bis Yes No Yes Exchange the hardware
Card error, Slot faulty. module in slot B.
B
Internal Fault -44 Cardinslot Dis Yes No Yes Exchange the hardware
Card error, Slot faulty. modulein slot D.
D
Internal Fault -45 Cardinslot Fis Yes No Yes Exchange the hardware
Card error, Slot faulty. modulein slot F.
F
Internal Fault -46 Cardin slot G is Yes No Yes Exchange the hardware
Card error, Slot faulty. modulein slot G.
G
Internal Fault -47 Cardin slot Alis Yes No Yes Exchange the hardware
Card error, Slot faulty. module in slot Al.
Al
Internal Fault -62 Runtime error: No No Yes If SW update under Modifi-

640-Prod. Li-
cense error

Product license er-
ror, license file is
not found or is
wrong

cation Sales has been car-
ried out, redo the update. If
not recovered, contact your
nearest ABB representative
to check the next possible
corrective action.
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3.3.2

Warnings

In case of a warning, the protection relay continues to operate except for those
protection functions affected by the fault. The main unit status LED remains lit as
during normal operation. If the device warning event is configured as alarms, the
LHMI Home button flashes red.

If a warning appears, record the name and code so that it can be
provided to ABB customer service. See the operation manual for more
information on reading internal log files from the relay.

On the LHM], an active warning is indicated with a yellow LED. More information
about the warning and recovery options can be accessed by tapping More
Information.

REX640 21.11.2018

Relay Status

REX640 10:28 &

Monitoring Self-supervision Status

© Internal Fault More Information

O Waming More Information

O AloK

Boot time: 21.11.2018 10:26:52.934, Boot reason: Recovery

Figure 29: Active warning on local HM/

More information shows all active warnings and corresponding fault codes. In
addition, a recovery procedure is described.
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REX640 Relay Status 21.11.2018
REX640 celay status 10:28 %

Date & Time Warning

21.11.2018 10:27:31.979 ARC1 cont. light
Continuous light detected in ARC input 1. Check ARC sensor and
relay input.

21.11.2018 10:27:30.991 Dataset warning

21.11.2018 10:27:30.874 Power down det.

21.11.2018 10:27:29.876 RTD meas. warn.,slot D

Figure 30: More information about the warning

The warning alarm is only displayed when configured in PCM600 event
filtering.

Table 44: Warning indications and codes

Warning indication Warning code Additional information

Watchdog reset 10 A watchdog reset has occurred.

Power down det. 11 The auxiliary supply voltage has
dropped too low.

DNP3 warning 22 Error in the DNP3 communication.

Dataset warning 24 Error in the Data set(s).

Report cont. warning 25 Error in the Report control block(s).

GOOSE contr. warning 26 Error in the GOOSE control block(s).

SCL config warning 27 Error in the SCL configuration file or
the file is missing.

Logic warning 28

SMT logic warning 29

GOOSE input warning 30

ACT warning 31 Analog channel configuration warn-
ing.

GOOSE rec. warning 32

AFL warning 33

SMV warning 34 Error in the SMV configuration.

Table continues on the next page

108 REX640

Technical Manual



1MRS759142 F

Basic functions

Warning indication

Warning code

Additional information

Comm. channel down

35

Redundant Ethernet (HSR/ PRP)
communication interrupted.

Settings mismatch 36 Mismatch between parameter set-
tings and application configuration.

Protection comm. 50 Error in protection communication.

ARC1 cont. light 85 A continuous light has been detec-
ted on the ARC light input 1.

ARC2 cont. light 86 A continuous light has been detec-
ted on the ARC light input 2.

ARC3 cont. light 87 A continuous light has been detec-
ted on the ARC light input 3.

ARC4 cont. light 88 A continuous light has been detec-
ted on the ARC light input 4.

RTD meas. warn.,slot D -54 Abnormal signal from sensor(s) re-
ceived in slot D.

RTD meas. warn.,slot C -50 Abnormal signal from sensor(s) re-
ceived in slot C.

mA output warn.,slot D 24 Temporary error occurred in RTD
module located in slot D.

mA output warn.,slot C -20 Temporary error occurred in RTD

module located in slot C.

333 Power supply module Ready LED and HMI Home button

LED

Both power supply module Ready LED and LHMI Home button LED visualize the
self-supervision state of the relay. 7Tab/e 45 shows how these states are indicated.
Table 45: Power supply module Ready LED and local HMI Home button LED

State Power supply LHMI Home Alarm

module Ready button acknowledged
LED

Relay under normal operation and Steady green Steady green N/A

LHMI connected

Relay’s IRF activated, but communi- | HF blinking HF blinking red N/A

cates with LHMI green

Communication lost between Relay | Steady green HF blinking N/A

and LHMI, but no IRF green

LHMI not running normally or in Steady green HF blinking N/A

start-up initialization phase green

Process related alarm active Steady green LF blinking red No

Process related alarm active Steady green Steady red Yes

Process related alarm has been ac- | Steady green LF blinking red No

tive earlier, but is not any more ac-

tive

Table continues on the next page
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3.3.4

3.34.1

State Power supply LHMI Home Alarm
module Ready button acknowledged
LED

Process related alarm has been ac- | Steady green Steady green Yes

tive earlier, but is not any more ac-
tive

Relay set to Test Mode LF blinking green | LF blinking green | No

The physical SHMI Home button has two operation modes.

« Onthe SHMI’s navigation page, the Home button indicates the combined status
of all connected relays. If multiple relays have different statuses, the Home
button shows the indication with the highest priority.

« On the HMI view, the Home button indicates the status of the respective relay as
described in Table 45.

Fail-safe principle for relay protection

The relay behavior during an internal fault situation has to be considered when
engineering trip circuits under the fail-safe principle. The considerations discussed
and examples given are mainly based on the need of protection scheme reliability.

The reliability need can be divided into two subparts: dependability and security.
The dependability can be described as the protection scheme’s ability to operate
when required. The security can be described as the protection scheme’s ability to
refrain from operating when not required. The protection scheme fail-safe principle
is typically related to satisfying these two performance criteria. Depending on the
requirements set to the electricity distribution process, one of the criteria may get
more attention than the other. However, in some industrial electricity distribution
networks, the main (productization) process is so dependent on reliable electricity
supply that both criteria are addressed equally.

The examples presented focus on the relay’s protection role in the fail-safe circuitry
using traditional hardwiring. If communication between the relays, or to an upper
level system, is a part of the fail-safe functionality, it must be also be a part of the
circuitry.

Motor feeder

The target is to prevent the motor from running uncontrollably and to secure the
emergency stop circuit functionality.
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-F1
/‘“Control+
} ES
| &7
-Al
‘ r . R
\ L
| } IRF TO AUX. POWER }
| I p—
\
| -Q0
| r— = = — — — — — — 1
\ \
| e [fer] |
} e | I
> Control -

Figure 31: Motor feeder fail-safe trip circuit principle, example 1

Al Protection relay
ES Emergency stop

Qo0 Circuit breaker (CB)

TO Protection relay trip output

IRF  Internal relay fault indication

<uU CB undervoltage trip coil

TCl CBtripcoill

DCS Distributed process control system
F1 Miniature circuit breaker

In example 1, the fail-safe approach aims at securing motor shutdown via an
emergency switch and in case the control voltage disappears. In case of a
temporary internal relay fault, the circuit breaker is immediately tripped before the
relay recovers from the situation. In case the IRF output relay is directly connected
to the undervoltage trip coil circuit, the output’s performance figures (make and

break values) must be checked.

-F1
2 Control +

 — — 1

AUX. POWER

Qo DC!

r— 71T — — — - r— "
1 [<u] |TC1|: 1 1
Lo 41— _ JE— |

\
/‘“ Control -

Figure 32: Motor feeder fail-safe trip circuit principle, example 2

Al Protection relay
ES Emergency stop
Q0 Circuit breaker (CB)

Table continues on the next page

REX640
Technical Manual

111



Basic functions

1MRS759142 F

TO
IRF

Protection relay trip output
Internal relay fault indication
<U CB undervoltage trip coil
TC1 CBtripcoill

DCS

F1 Miniature circuit breaker

Distributed process control system

In example 2, the fail-safe approach aims at securing motor shutdown via an
emergency switch and in case the control voltage disappears. In case of internal
relay fault, the necessary actions must be initiated by the process operators or by
the control system.

-F1
)“Control+
\
\ -K1
} F= -A1
[ — - T -\ — — — —_— [ — — 1

\ ES | T |
| s | Toj IRF AUX. POWER ‘
‘ - 4 - |- — — _— ] [ _
\
\ -Q0

r— 1T — — — - 1
| | [ -K1
| EE U
‘ L J
‘ N _
2 Control -

Figure 33: Motor feeder fail-safe trip circuit principle, example 3

Al Protection relay
ES Emergency stop

QO Circuit breaker (CB)

TO Protection relay trip output
IRF  Internal relay fault indication
<U CB undervoltage trip coil
TCl1 CBtripcoill

K1 OFF delay time relay
F1 Miniature circuit breaker

In example 3, the fail-safe approach aims at securing motor shutdown via an
emergency switch and in case the control voltage disappears. In case of internal
relay fault, the circuit breaker is tripped via an undervoltage coil after a preset time
delay. The additional time delay allows the relay to recover from the internal fault
situation without tripping the circuit breaker.
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-F1 -F1
»“Control + +J01 » Control + +J02
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\ \
| | IRF | | | IRF |
| Ho2-Al AL | DT | +0L-AL AL [T T T
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Figure 34: Motor feeder fail-safe trip circuit principle, example 4

JO1  Feeder #1 panel

JO2 Feeder #2 panel

ES Emergency stop

QO  Circuit breaker

TO1 Relay trip output #1

TO2 Relay trip output #2

IRF  Relay internal fault indication
BI1 Relay binary input #1

<U CB undervoltage trip coil
TC1 CBtripcoill

F1 Miniature circuit breaker

In example 4, the fail-safe approach aims at securing motor shutdown via an
emergency switch and in case the control voltage disappears. The adjacent panels
provide backup for each other in internal relay fault situations. In case of an internal
relay fault, the situation is noticed by the relay in the adjacent panel and the circuit
breaker in the panel with the faulty relay is tripped after a preset time delay. The
additional time delay allows the relay to recover from the internal fault situation
without tripping the circuit breaker.

3.3.4.2 Other critical feeders

The examples given for motor feeders can be applied for other types of feeders as
well. The following examples are for critical feeders in which the protection system
dependability, security or both are the drivers.
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-F1

2 Control +

\
2 Control -

+J01

r— "1 —1 — — — 1T 7

| T0 AUX. POWER | SO |

77777 |

Incomer

Incomer

protection start +

protection start -

-F1

2 Control +

+J0x

\
)“Control -

Incomer
protection start +

Incomer

protection start -

Figure 35: Redundant protection fail-safe principle, example 1

jo1
JOx
QO
TO
SO
Al
R1
TC
F1

Incomer feeder panel
Load feeder panels
Circuit breaker (CB)
Relay trip output

Relay start output
Protection relay
Auxiliary relay

CB trip coil

Miniature circuit breaker

In example 1, the fail-safe approach aims at securing circuit breaker tripping even
if a relay fails. The incomer panel relay indicates the start of selected protection
functions. This start signal is distributed to all load feeder panels. If a relay in the
load feeder panel indicates an IRF status, the start signal of the incomer panel
relay results in circuit breaker tripping. This approach offers basic protection for a
load feeder while the actual protection relay performs a self-supervision controlled
restart sequence.

-F1

2 Control + +J01
\
| +J02-F1 control +
|
+]02 -A1

‘ - — T -Al
| -Al | |
| -To1 | -T02 | AUX. POWER
‘ L — 1 4
|
\ -Q0

r—\\ — — 71T "1
L |
| | [Tca]  [1c2] |
‘ S E |
\ N .

Control - +J02-F1 control

-F1

2 Control + +J02
\
| +J01-F1 control +
|
+J01-Al

‘ r— — 1T 1 -Al
| -Al | |
‘ -To1 | -T02 | AUX. POWER
| [
|
‘ -Q0

[l — 1
L |
e [fcz] |
! e 4
‘ Control - +J01-F1 control -

Figure 36: Redundant protection fail-safe principle, example 2
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JO1  Feeder #1 panel

JO2 Feeder #2 panel

QO Circuit breaker (CB)

TO1 Relay trip output #1

TO2 Relay trip output #2

Al Protection relay

TC1 CBtripcoill

TC2 CBtripcoil 2

F1 Miniature circuit breaker

In example 2, the fail-safe approach aims at securing circuit breaker tripping even

if a relay fails. A relay in a panel measures also the adjacent panel’s currents (and
voltages) and receives the necessary primary device’s position information. In other
words, the relay in a panel functions as a backup relay for the adjacent panel.

This approach allows service continuation while the failed relay is waiting for spare
parts or a complete replacement. The backup protection features provided by the
adjacent panel’s relay do not necessarily fully match the features available in the
main relay.

F1
2 Control +
\
\
\
-Al -A2
‘ r_ 1 = — - r— - - __—_ | — 7
\
| } AUX. POWER TO : } TO AUX. POWER :
| L - - —— 4 Sy [
\
| -Q0
‘ r T~ — — — — — - 7
\ \
| [ [fcz] |
: e I
2 Control -

Figure 37: Redundant protection fail-safe principle, example 3

QO Circuit breaker (CB)

Al Protection relay #1

A2 Protection relay #2

TO Protection relay trip output
TC1 CBtripcoill

TC2 CBtrip coil 2

F1 Miniature circuit breaker

In example 3, the fail-safe approach aims at securing circuit breaker tripping even if
one of the redundant relays fails. The scheme is often referred to as the 1-outof- 2
approach. This approach allows service continuation while the failed relay is waiting
for spare parts or a complete replacement. The redundancy in this example covers
relays and circuit breaker tripping coils but it can be expanded to auxiliary power
supplies (two station batteries and isolated distribution), cabling, circuit breaker
failure protection, and so on. Another variant of this approach is to have a main relay
and a backup relay instead of two fully redundant relays. The backup relay does not
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have all the features of the main relay, mainly containing a minimum acceptable set
of protection functions.

-F1
2 Control +
\

-Al

‘ ‘

| -TO1\ -TO2\ -TO2

| AL A2 -A3 -

| A2 A3 A3 Same principle
| AUX. POWER | | AUX. POWER || AUX. POWER | -TO1\ -TO1\ -TO2 as for TC1
|

|

|

|

|

|

-A2 -Al

\
)“ Control -

Figure 38: Redundant protection fail-safe principle, example 4

QO Circuit breaker (CB)

Al Protection relay #1

A2 Protection relay #2

A3 Protection relay #3

TO# Protection relay trip output
TC1 CBtripcoill

TC2 CBtrip coil 2

F1 Miniature circuit breaker

In example 4, the fail-safe approach aims at securing circuit breaker tripping even
if one of the redundant relays fails and, in addition, no single relay alone can

cause the circuit breaker tripping. The scheme is often referred to as the 2-out-
of-3 approach. This approach allows service continuation while the failed relay is
waiting for spare parts or a complete replacement. The redundancy in this example
covers relays and circuit breaker tripping coils but it can be expanded to auxiliary
power supplies (two station batteries and isolated distribution), cabling, circuit
breaker failure protection, and so on. All three relays are similar with the same
protection functions. This principle is used in cases where the primary process
requires absolute dependability and security from the supplying feeder protection.

3.4 LED indication control LEDPTRC
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34.1 Function block
LEDPTRC1 al
@ RESET OUT_STARTe
OUT_OPERATEe
OUT_ST_Ae
OUT_OPR_Ae
OUT_ST_Be
OUT_OPR_Be
OUT_ST_Ce
QUT_OPR_Ce
OUT_ST_NEUTe
OUT_OPR_NEUTe
Figure 39: Function block
3.4.2 Functionality
The protection relay includes a global conditioning function LEDPTRC that is used to
control the virtual Start and Trip indication LEDs.
LED indication control should never be used for tripping purposes.
There is a separate trip logic function TRPPTRC available in the relay
configuration.
LED indication control is preconfigured in a such way that all the protection
function general start and operate signals are combined with this function
(available as output signals OUT START and OUT OPERATE). These signals are
internally connected to Device Status on WHMI Dashboard and the Device Status
widget on the LHMI if the widget has been instantiated in the LHMI engineering
phase. LEDPTRC collects and combines phase information from different protection
functions (available as output signals OUT ST A / B / CandOUT OPR A / B /
_C). There is also combined earth fault information collected from all the earth-
fault functions available in the relay configuration (available as output signals
OUT_ST NEUT and OUT_OPR_NEUT).
3.5 Individual virtual LED control LED
3.5.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE
identification identification identification
Individual virtual LED control LED LED LED
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3.5.2 Function block
LED1 i]
e OK
o ALARM
® RESET
LED66 ﬂ
e OK
o ALARM
o RESET
Figure 40: Function block
3.5.3 Functionality
The virtual, programmable LEDs are visible on the Programmable LEDs page in LHMI
and on the WHMI dashboard.
REX640 ) 07.02.2022
Overview
+J01 Generator 1
LEDs 1-11 O Programmable LEDs LED 1
LEDs 12-22 O Programmable LEDs LED 2
LEDs 23-33 © Programmable LEDs LED 3
© Programmable LEDs LED 4
LEDs 34-44
(O Programmable LEDs LED 5
LEDs 45-55
(O Programmable LEDs LED 6
LEDs 56-66 O Programmable LEDs LED 7
O Programmable LEDs LED 8
(O Programmable LEDs LED 9
Clear LEDs
© Programmable LEDs LED 10
Re O Programmable LEDs LED 11
Figure 41: Programmable LEDs page in LHM/
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LED STATUS

@® Programmable LEDs LED 1
Programmable LEDs LED 12

Programmable LEDs LED 23

Figure 42: Programmable LEDs status in WHMI/

Programmable LEDs are available only when at least one LED has been instantiated
and the OK or ALARM signal is connected in Application Configuration in PCM600.

All the programmable LEDs on the protection relay's HMI have two colors, green and
red. For each LED, the different colors are individually controllable.

Each LED has two control inputs, ALARM and OK. The color setting is common for

all the LEDs. It is controlled with the Alarm colour setting, the default value being
"Red". The OK input corresponds to the color that is available, with the default value
being "Green".

Changing the Alarm colour setting to "Green" changes the color behavior of the 0k
inputs to red.

The ALARM input has a higher priority than the OK input. When a LED is in the
alarming state, a bell symbol is shown on the LHMI next to the title of the
Programmable LEDs page.

Each LED is seen in Application Configuration as an individual function block. Each
LED has a user-editable description text for event description. The state ("None",
"OK", "Alarm") of each LED can also be read under a common monitored data view
for programmable LEDs.

The LED status also provides a means for resetting the individual LED via
communication. The LED can also be reset from configuration with the RESET input.

The resetting and clearing function for all LEDs is available at the left side of the
Programmable LEDs page and under the Clear menu.

The menu structure for the programmable LEDs is presented in Figure 43. The
common color selection setting A/arm colour for all ALARM inputs is in the General
menu, while the LED-specific settings are under the LED-specific menu nodes.

Programmable LEDs
General — Alarm color Red
LED 1 Green

o Besaipton

H P Follow-S
Follow-F
Latched-S
LatchedAck-F-S

Programmable LED description

Figure 43: Menu structure
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Alarm mode alternatives

The ALARM input behavior can be selected with the alarm mode settings from the
alternatives "Follow-S", "Follow-F", "Latched-S" and "LatchedAck-F-S". The OK input
behavior is always according to "Follow-S". The alarm input latched modes can be
cleared with the reset input in the application logic.

@ -Noindicaton () =Steadylight €] =Flash

Figure 44: Symbols used in the sequence diagrams

"Follow-S": Follow Signal, ON

In this mode ALARM follows the input signal value, Non-latched.

Activating
signal

w @0 @ O [ J

Figure 45: Operating sequence "Follow-S"

"Follow-F": Follow Signal, Flashing

Similar to "Follow-S", but instead the LED is flashing when the input is active, Non-
latched.

"Latched-S": Latched, ON

This mode is a latched function. At the activation of the input signal, the alarm
shows a steady light. After acknowledgement by the local operator pressing any key
on the keypad, the alarm disappears.

Activating
signal

LED ‘ O ‘ O ‘
Acknow. —I —I

Figure 46: Operating sequence "Latched-S"

"LatchedAck-F-S": Latched, Flashing-ON

This mode is a latched function. At the activation of the input signal, the alarm
starts flashing. After acknowledgement, the alarm disappears if the signal is not
present and gives a steady light if the signal is present.
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Activating

signal

LED

O

Acknow.

7

7

Figure 47: Operating sequence "LatchedAck-F-S"

3.5.4 Signals
Table 46: Input signals for LEDs 1...66
Name Type Default Description
OK BOOLEAN O=False Ok input for the LED
ALARM BOOLEAN O=False Alarm input for the
LED
RESET BOOLEAN O=False Reset input for the
LED
3.5.5 Settings
Table 47: Settings for LEDs 1...66
Parameter Values (Range) Unit Step Default Description
Alarm colour 1=Green 2=Red Colour for the alarm state of the
LED
2=Red
Alarm mode 0=Follow-S O=Follow-S Alarm mode for the programma-
ble LED
1=Follow-F
2=Latched-S
3=LatchedAck-F-S
3.5.6 Monitored data
Table 48: Monitored data for LEDs 1...66
Name Type Values (Range) Unit Description
Programmable |Enum 0=None Status of the
LEDn! programmable
1=0k LED
3=Alarm
1 n=1..66
REX640

Technical Manual

121




Basic functions 1MRS759142 F

Table 49: IEC 61850 mapping

LED instance in Application | Mapping in IEC 61850 data model (ALARM and OK signals)
Configuration
LED1...LED11 LEDGGIO1.Alm1..LEDGGIO1.Alm11
LEDGGIO1.Ind1...LEDGGIO1.Ind11
LED12...LED22 LEDGGIO2.AIm1...LEDGGIO2.Alm11
LEDGGIO2.Ind1...LEDGGIO2.Ind11
LED23...LED33 LEDGGIO3.AIm1...LEDGGIO3.Alm11
LEDGGIO3.Ind1...LEDGGIO3.Ind11
LED34..LED44 LEDGGIO4.Alm1..LEDGGIO4.Alm11
LEDGGIO4.Ind1.. LEDGGIO4.Ind11
LED45...LED55 LEDGGIO5.AIm1...LEDGGIO5.Alm11
LEDGGIOS5.Ind1...LEDGGIOS.Ind11
LEDS56....LED66 LEDGGIO6.AIm1...LEDGGIO6.Alm11
LEDGGIO6.Ind1...LEDGGIO6.Ind11
3.6 Time synchronization
3.6.1 Time master supervision GNRLLTMS
3.6.1.1 Function block
GNRLLTMST  &|
ALARMe
WARNINGe

EXCLKMSTRe

Figure 48: Function block

3.6.1.2 Functionality

The protection relay has a disciplined RTC in hardware with a resolution of

one nanosecond. The clock can be either free-running or synchronized to an
external source. The RTC is used to time-stamp events, recorded data, disturbance
recordings, sampled measured values and various other system services.

The protection relay supports SNTP, IRIG-B, IEEE 1588 v2, DNP3, Modbus,

IEC 60870-5-101/104, IEC 60870-5-103 and line differential communication to
synchronize the RTC. IEEE 1588 v2 with a GNSS grandmaster clock and IRIG-B
provide the accuracy of *1 ps. The accuracy is *1 ms with SNTP.
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Real-time clock at power off

During power off, the system time is kept in a separate capacitor-backed RTC. This
RTC provides a millisecond resolution and digital temperature compensation for
the crystal oscillator. Typical accuracy is 5 ppm which means the time may drift
maximum 0.5 seconds per day. This RTC runs on a stored charge in a supercapacitor
at least for 48 hours. After the capacitor has been discharged, the time is lost.

Real-time clock at power-up

At startup, the initial system time is recovered from the capacitor-backed RTC or set
to 01-01-2010 if the RTC time was lost. The clock is free-running until the selected
synchronization source becomes available. The first synchronization message sets
the time to an accurate value and later synchronization messages additionally
discipline the clock so that the time drift between synchronization messages is
minimized. If the synchronization source is lost, the drift can be 0.25 ppm if the
external clock source was a high-quality clock and the surrounding temperature is
constant.

The setting Synch source determines the method for synchronizing the RTC. If it is
set to "None", the clock is free-running and the settings Date and Time can be used
to set the time manually. In this mode the typical accuracy is 5 ppm and the time
may drift maximum 0.5 seconds per day.

Other setting values activate a communication protocol that provides the time
synchronization. Only one synchronization method can be active at a time. Both IEEE
1588 v2 and SNTP provide time master backup functionality.

Connect at least one measurement channel in Application Configuration
in PCM600 either from the hardware (AIM or SIM) or from SMVRCV to
ensure that the time system works correctly.

Line differential communication

When using line differential communication between the protection relays, the
time synchronization messages can be received from the other line end protection
relay within the protection telegrams. The protection relay begins to synchronize
its RTC with the remote end protection relay's time if the "Line differential”

time synchronization source is selected. This does not affect the protection
synchronization used in the line differential protection or the selection of the
remote end protection relay's time synchronization method. It is expected that

the remote end protection relay has another time synchronization source activated
and therefore operates as a time gateway. Line differential time synchronization is
available only for X6 port.

GNRLLTMS supervision functionality depends on the synchronization source. This
means that the GNRLLTMS supervision signal values and their combinations have
different meanings depending on the used synchronization source.

SNTP

The relay can use one of two SNTP servers, the primary or the secondary server. The
primary server is mainly in use, whereas the secondary server is used if the primary
server cannot be reached or a KoD response is received. While using the secondary
SNTP server, the relay tries to switch back to the primary server on every third SNTP
request attempt. If both SNTP servers are offline, event time stamps have the time
invalid status.
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If one SNTP server is used, it is recommended to set /P SNTP secondary as "0.0.0.0".
This disables the server redundancy scheme and prevents the IED from attempting
to access a non-existing secondary server.

The time is requested from the SNTP server every 60 seconds. Supported SNTP
versions are 3 and 4. SNTP requires a high-performance server to meet the
performance expectations.

IEEE 1588v2

The protection relay's 1588 precision time protocol synchronization complies with
the IEEE C37.238-2011 and IEC 61850-9-3 profiles, which are interoperable with
IEEE 1588 v2. The protection relay is an ordinary clock which can operate either

in slave-only and slave or master mode. According to the supported profiles, the
frame format used is IEEE 802.3 Ethernet frames with Ox88F7 Ethertype as the
communication service and the delay mechanism is P2P. For both profiles, the
TLVs required are included in the announce frame (IEEE C37.238-2011: Organization
extension and Alternate time offset indicator TLVs, IEC 61850-9-3: Alternate time
offset indicator TLV).

Time synchronization with IEEE 1588 v2 creates many possible scenarios since it
is a dynamic synchronization method whereby the current master is determined
with the BMC algorithm. GNRLLTMS outputs reflect this status. When IEEE 1588
v2 is used as a time synchronization source, the device stores the grandmasters
in priority order according to the BMC algorithm. When the grandmaster clock

is lost, an alarm and a warning are activated based on the stored grandmasters'
list. The alarm is activated when there are no clocks with capabilities equivalent
to primary or secondary grandmaster clocks. The warning is activated when a
primary grandmaster clock is not available. The grandmaster list can be Section 3
1MRS759142 E Basic functions 132 REX640 Technical Manual cleared using the Clear
clock list setting, for example, if the grandmaster clocks need to be replaced. The
setting af-fects only the alarm and warning states.

If the current master is not within the 1 yus accuracy, ALARM is set to TRUE. If
the current master is not the saved primary master, WARNING is set to TRUE. The
EXTCLKMSTR output indicates if the ordinary clock is a slave to an external master.

Since the list is updated via the current primary master in the network, it is possible
to lower the current grandmaster's priority to a point where another clock takes
the role and the priority value in the list for the original master is no longer
updated. This means that there is a discrepancy between the list and the device.
Consequently, the GNRLLTMS warning status becomes TRUE as the saved primary
master is no longer considered connected. The list logic can be reset to clear the
clock list.

When IEEE 1588 v2 time synchronization is used, the recommended
maximum num-ber of network hops from the grandmaster is 15 to
ensure that the total inaccuracy stays within 1 pus. The grandmaster
and each switch on the path must comply with the performance
requirements set by the selected profile.

The protection relay is an ordinary clock which can operate either in
slave-only and slave or master mode.
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IRIG-B

IRIG-B time synchronization requires IRIG-B format BOOx and IRIG-B time code
extensions according to IEEE Std C37.118.1TM-2011. The extensions are defined by
Annex D.

The synchronization time in IRIG-B can be either UTC time or local time. As no
reboot is necessary, the time synchronization starts immediately after the IRIG-
B synchronization source is selected and the IRIG-B signal source is connected.
GNRLLTMS signals reflect the signal status from the IRIG-B master.

IRIG-B time synchronization requires a COM module with an TRIG-B
input.

DNP3, Modbus, IEC 60870-5-101/104 and IEC 60870-5-103

For legacy protocols as synchronization source, a timeout can be set by 7ime

Syn Src Tmm (minutes). This setting defines the maximum interval required

by the protocol master sending the time synchronization commands. If a time
synchronization command has not been received from the protocol master during
this period, bad synchronization status is raised for the protection relay.

Legacy protocols as time synchronization sources do not offer the best
accuracy. For better accuracy PTP, SNTP or IRIG-B time synchronization is
recommended.

3.6.1.3 Signals
Table 50: GNRLLTMS Output signals

Name Type Description

ALARM BOOLEAN Alarm status for clock synchronization Al-
ways FALSE with Synch source set to "None".

WARNING BOOLEAN Warning status for clock synchronization Al-
ways FALSE with Synch source set to "None".

EXTCLKMSTR BOOLEAN Status of the protection relay's clock syn-
chronization Always FALSE with Synch source
set to "None".

Table 51: SNTP Output signals

Name Type Description

ALARM BOOLEAN Alarm status for clock synchronization TRUE
if the connection to both primary and secon-
dary SNTP servers has been lost. FALSE if the
connection to the secondary SNTP server is
detected.

WARNING BOOLEAN Warning status for clock synchronization
TRUE if the connection to SNTP primary serv-
er has been lost. Otherwise FALSE.

EXTCLKMSTR BOOLEAN Status of the protection relay's clock syn-
chronization.

TRUE if the protection relay has been
synchronized by an SNTP server.
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Name

Type

Description

FALSE if the clock has not been synchronized
by an SNTP server.

Table 52: IEEE 1588v2 Output signals

Name

Type

Description

ALARM

BOOLEAN

Alarm status for clock synchronization.

TRUE if the current master’s accuracy is not
within 1us or priorityl is bigger than that of
first secondary’s. Also TRUE if the external
master was lost and the protection relay it-
self acts as a master. Otherwise FALSE.

WARNING

BOOLEAN

Warning status for clock synchronization.

TRUE if a previously connected and stored
primary master has been lost. Otherwise
FALSE.

EXTCLKMSTR

BOOLEAN

Status of the protection relay's clock syn-
chronization.

TRUE if the protection relay has been
synchronized by an external master.

FALSE if the clock has not been synchronized
by an external master.

Table 53: IRIG-B Output signals

Name Type Description

ALARM BOOLEAN Alarm status for clock synchronization.
TRUE if the signal has been lost for a minute.
Otherwise FALSE.

WARNING BOOLEAN Warning status for clock synchronization.
TRUE if the signal connection is lost.
FALSE if the relay is synchronized to an IRIG-B
master.

EXTCLKMSTR BOOLEAN

Status of the protection relay's clock syn-
chronization.

TRUE if the protection relay has been
synchronized to an IRIG-B master. Otherwise
FALSE.

Table 54: DNP3, Modbus, IEC 60870-5-101/104 and IEC 60870-5-103 Output signals

Name

Type

Description

ALARM

BOOLEAN

Alarm status for clock synchronization.

TRUE if the clock has not been synchronized
by the master.

Table continues on the next page
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3.6.1.4

Name Type

Description

FALSE if the clock has been synchronized by
the master.

WARNING BOOLEAN

Warning status for clock synchronization.

TRUE if the clock has not been synchronized
by the master.

FALSE if the clock has been synchronized by
the master.

EXTCLKMSTR BOOLEAN

Status of the protection relay's clock syn-
chronization.

TRUE if the protection relay has been
synchronized by an external master.

FALSE if the clock has not been synchronized
by an external master.

Table 55: Line differential Output signals

Name Type Description
ALARM BOOLEAN Alarm status for clock synchronization.
TRUE if the LD connection has been lost.
WARNING BOOLEAN Warning status for clock synchronization.
TRUE if the LD connection has been lost.
EXTCLKMSTR BOOLEAN Status of the protection relay's clock syn-
chronization.
TRUE if the clock has been synchronized to
the LD partner.
Settings

Time format settings

Table 56: Non group settings

Parameter

Values (Range) Unit Step

Default Description

Time format

1=24H:MM:SS:MS
2=12H:MM:SS:MS

1=24H:MM:SS:MS Time format

Date format

1=DD.MMYYYY
2=DD/MM/YYYY
3=DD-MM-YYYY
4=MM.DDYYYY
5=MM/DD/YYYY
6=YYYY-MM-DD
7=YYYY-DD-MM
8=YYYY/DD/MM

1=DD.MMYYYY Date format
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Time settings

Table 57: Non group settings

Parameter Values (Range) Unit Step Default Description
Synch source 0=None 1=SNTP Time synchroniza-
tion source
1=SNTP
2=Modbus
3=IEEE 1588
5=IRIG-B
9=DNP
17=IEC60870-5-103
PTP Profile 1=IEEE 1=IEEE Profile Selection for
C37.238-2011 C37.238-2011 the Precision Time
Protocol
2=IEC 61850-9-3
PTP domain ID 0...255 1 0 The domain is iden-
tified by an inte-
ger, the domain-
Number, in the
range of O to 255.
PTP priority 1 0...255 1 128 PTP priority 1, in
the range of O to
255.
PTP priority 2 0...255 1 128 PTP priority 2, in
the range of O to
255.
PTP Slave-only O=False O=False If true, the IED can-
not become a clock
1=True master
Time master mode | 1-Master with fi- 1=Master with fi- Device Time Master
nite holdover nite holdover Mode
2=Master with in-
finite holdover
Clear clock list O=False O=False Clears the stored
master clock list
1=True
Time Syn Src Tmm | 1...65535 min 1 3 Time synchroniza-
tion timeout for
legacy protocols as
clock source (Mod-
bus, IEC103, IEC101,
IEC104 and DNP)
Table 58: Non group settings
Parameter Values (Range) Unit Step Default Description
Date 0 Date
Time 0 Time
Local time offset -840...840 min 1 0 Local time offset in
minutes
Table 59: Non group settings
Parameter Values (Range) Unit Step Default Description

IP SNTP primary

192.168.2.166

IP address for SNTP
primary server

IP SNTP secondary 192.168.2.165 IP address for SNTP
secondary server
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Table 60: Non group settings

Parameter Values (Range) Unit Step Default Description
DST in use O=False 1=True DST in use setting
1=True
DST on time 0..23 h 2 Daylight saving
(hours) time on, time (hh)
DST on time (mi- 0...59 min (6] Daylight saving
nutes) time on, time (mm)
DST on date (day) |[1..31 1 Daylight saving
time on, date
(dd:mm)
DST on date 1=January 5=May Daylight saving
(month) time on, date
2=February (dd:mm)
3=March
4=April
5=May
6=June
7=July
8=August
9=September
10=October
11=November
12=December
DST on day (week- | g=reserved O=reserved Daylight saving
day) time on, day of
1=Monday week
2=Tuesday
3=Wednesday
4=Thursday
5=Friday
6=Saturday
7=Sunday
DST off time 0..23 h 2 Daylight saving
(hours) time off, time (hh)
DST off time (mi- 0..59 min 0 Daylight saving
nutes) time off, time (mm)
DST off date (day) |1..31 25 Daylight saving
time off, date
(dd:mm)
DST off date - 9=September Daylight saving
(month) 1=January time off, date
2=February (dd:mm)
3=March
4=April
5=May
6=June
7=uly
8=August
9=September
10=October
11=November
12=December
DST off day (week- | g=reserved O=reserved Daylight saving
day) time off, day of
1=Monday week

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
2=Tuesday
3=Wednesday
4=Thursday
5=Friday
6=Saturday
7=Sunday
DST offset -720...720 min 1 60 Daylight saving
time offset
3.6.1.5 Monitored data
Table 61: Monitored data
Name Type Values (Range) Unit Description
Synch source Enum 0=Not defined Time synchronization
source
1=SNTP primary
2=SNTP secondary
4=|EEE 1588 master
5=IEEE 1588 slave
7=IRIG-B 8=DNP 3.0
9=Modbus
17=1EC 60870-5-103
21=Line differential
99=Free running
Synch status Bool 0=Down Time synchronization
status
1=Up
Synch accuracy Int 0...128 Time synchronization
accuracy. Number of
the significant bits in
fraction of second.
PTP gm identity String PTP grand master clock
identity according PTP
standard
PTP gm time Src Enum 1=Atomic clock PTP grand master clock
source type
2=GPS
3=Terrestrial radio
4=pTP
5=NTP
6=Hand set
7=Other
8=Internal oscil.
PTP gm accuracy Enum 1=25ns PTP grand master ac-
curacy according PTP
2=100 ns standard
3=250 ns
4=1us
5=2.5us
6=10 us
7=25us
8=100 us
9=250 us
10=1ms
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Name Type Values (Range) Unit Description

11=2.5ms

12=10 ms
13=25ms

14=100 ms
15=250 ms

16=1s

17=10 s

18=more than10 s

3.7 Generic protection control PROTECTION
3.71 Function block
Protection ﬂ
e BI_SG_2 SG_LOGIC_SELe
® BI_SG_3 SG_1_ACTe
® BI_SG_4 SG_2_ACTe
e BI_3G 5 SG_3 ACTe
e BI_SG_6 SG_4 ACTe
e MOD_TEST SG_5_ACTe
& MOD_BLK SG_6_ACTe
CNF_CHANGE®
BEH_TESTe
BEH_BLKe
GRPOFFe

FRQ_ADP_WARNe
FRQ_ADP_FAILe
FRQ_ADFP_BUe

Figure 49: Function block

3.7.2 Functionality

3.72.1 Setting group control

The protection relay supports six setting groups. Each setting group contains
parameters categorized as group settings inside application functions. The
customer can change the active setting group at run time.

The active setting group can be changed by a parameter or via binary inputs
depending on the mode selected with the Configuration > Setting Group > SG
operation mode setting.

The default value of all inputs is FALSE, which makes it possible to use only the
required number of inputs and leave the rest disconnected. The setting group
selection is not dependent on the SG x ACT outputs.
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Table 62: Optional operation modes for setting group selection

SG operation mode

Description

Operator (Default)

Setting group can be changed with the setting Settings/Set-
ting group/Active group. Value of the SG_ LOGIC_ SEL out-
put is FALSE.

Logic mode 1

Setting group can be changed with binary inputs

(BI SG 2..BI SG_6). The highest TRUE binary input de-
fines the active setting group. Value of the SG_ LOGIC_ SEL
output is TRUE.

Logic mode 2

Setting group can be changed with binary inputs where
BI SG_4isused for selecting setting groups 1-3 or 4-6.

When binary input BI_SG_ 4 is FALSE, setting groups 1-3 are
selected with binary inputs BI SG 2 andBI SG 3.When
binary input BI_SG_4 is TRUE, setting groups 4-6 are selec-
ted with binary inputs BI SG 5and BI SG 6. Value of the
SG_LOGIC_SEL outputis TRUE.

For example, six setting groups can be controlled with three binary inputs. SG
operation modeis set to "Logic mode 2" and inputs BI SG 2andBI SG 5 are
connected together the same way as inputs BI_SG_3and BI SG 6.

Table 63: SG operation mode = "Logic mode 1"

Input

BI_SG_2 BI_SG_3 BI_SG_4 BI_SG_5 BI_SG_6 Active group
FALSE FALSE FALSE FALSE FALSE 1

TRUE FALSE FALSE FALSE FALSE 2

any TRUE FALSE FALSE FALSE 3

any any TRUE FALSE FALSE 4

any any any TRUE FALSE 5

any any any any TRUE 6

Table 64: SG operation mode = "Logic mode 2"

Input

BI_SG_2 BI_SG_3 BI_SG_4 BI_SG_5 BI_SG_6 Active group
FALSE FALSE FALSE any any 1

TRUE FALSE FALSE any any 2

any TRUE FALSE any any 3

any any TRUE FALSE FALSE 4

any any TRUE TRUE FALSE 5

any any TRUE any TRUE 6

Setting group 1 can be copied to any other or all groups from HMI (Copy group 1).
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3.7.2.2 Test mode
The function has two outputs, BEH_TST and BEH BLK, which are activated in test
mode according to Table 65.
Table 65: Test mode
Test mode Description Protection Protection
BEH_BLK BEH_TST
Normal mode Normal operation FALSE FALSE
IED blocked Protection works as | TRUE FALSE
in “Normal mode” but
the ACT configuration
can be used to block
physical outputs to
process. Control func-
tion commands are
blocked.
IED test Protection works as | FALSE TRUE
in “Normal mode” but
protection functions
work in parallel with
test parameters.
IED test and blocked | Protection works as | TRUE TRUE
in “Normal mode”
but protection func-
tions work in par-
allel with the test
parameter. The ACT
configuration can be
used to block physical
outputs to process.
Control function com-
mand is blocked.
For more information, see the Test mode section in this manual.
3.72.3 Frequency adaptivity
The FRQ ADP WARN output is active when full adaptation to the actual frequency is
not reached or guaranteed. The FRQ ADP FAIL output is active when no frequency
source has sufficient amplitude and the nominal frequency window size is used
in measurements. The FRQ ADP BU output is active when the backup adaptivity
frequency source is active.
When switching from the main frequency source to the backup frequency source,
there is an interval of 200 ms where the last known frequency is used to determine
the measurement window size. During this period, FRQ ADP_WARN is activated.
This also happens when no frequency source has sufficient amplitude and the last
frequency is held for 3 s before activating output FRQ ADP FATIL.
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3.7.2.4 Special function block outputs

The function block has a few outputs dedicated for special purposes.

Table 66: Special function block outputs

Output Description

CNF_CHANGE Any setting change in the protection relay activates this out-
put for a short period of time (100...200 ms).

GRPOFF Some application function blocks do now allow unconnected
analog inputs. In such a case, GRPOFF must be connected to
such aninput.

DEV_WARN A protection relay's internal warning activates this output.
For more information, see Warnings under the Self-supervi-
sion section.

3.7.3 Signals
Table 67: PROTECTION Input signals

Name Type Default Description

BI_SG2 BOOLEAN 0 Setting group 2 is ac-

tive

BI_SG3 BOOLEAN 0 Setting group 3 is ac-

tive

BI_SG4 BOOLEAN 0] Setting group 4 is ac-

tive

BI_SG5 BOOLEAN 0] Setting group 5 is ac-

tive

BI_SG6 BOOLEAN 0 Setting group 6 is ac-

tive

MOD_TEST BOOLEAN 0 Activation of test

mode

MOD_BLK BOOLEAN 0 Block test mode

Table 68: PROTECTION Output signals

Name Type Description

SG_LOGIC_SEL BOOLEAN Logic selection for setting group
SG_1_ACT BOOLEAN Setting group 1is active
SG_2_ACT BOOLEAN Setting group 2 is active
SG_3_ACT BOOLEAN Setting group 3 is active
SG_4_ACT BOOLEAN Setting group 4 is active
SG_5_ACT BOOLEAN Setting group 5 is active
SG_6_ACT BOOLEAN Setting group 6 is active
CNF_CHANGE BOOLEAN Active after any setting change
BEH_TEST BOOLEAN Logical device LDO test status
BEH_BLK BOOLEAN Logical device LDO block status

Table continues on the next page
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Name Type Description
GRPOFF Group signal Group off signal for function blocks
DEV_WARN BOOLEAN Protection relay internal warning
FRQ_ADP_WARN BOOLEAN Frequency adaptivity warning
FRQ_ADP_FAIL BOOLEAN Frequency adaptivity status fail
FRQ_ADP_BU BOOLEAN Main frequency adaptivity source
3.74 Settings
Table 69: PROTECTION Settings
Parameter Values (Range) Unit Step Default Description
SG operation mode 1=Operator 1=Operator Operation mode for setting

group change
2=Logic mode 1

3=Logic mode 2

3.8 Local/Remote control CONTROL
3.8.1 Function block
Control i]
e CTRL_OFF OFFe
e CTRL_LCC LOCALe
¢ CTRL_STA STATION®
e CTRL_REM REMOTE®
e CTRL_ALL AlLe
BEH_TESTe
BEH_BLKe
Figure 50: Function block
3.8.2 Functionality
Local/Remote control is by default realized through the R/L button on the front
panel. The control via binary input can be enabled by setting the value of the
LR control setting to "Binary input". The binary input control requires that the
CONTROL function is instantiated in the product configuration.
Local/Remote control supports multilevel access for control operations in
substations according to the IEC 61850 standard. Multilevel control access with
separate station control access level is not supported by other protocols than IEC
61850.
The actual Local/Remote control state is evaluated by the priority scheme on the
function block inputs. If more than one input is active, the input with the highest
priority is selected. The priority order is “off”, “local”, “station”, “remote”, “all”.
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The actual state is reflected on the CONTROL function outputs. Only one output is
active at a time.

Table 70: Truth table for CONTROL

Input Output
CTRL_OFF CTRL_LOC CTRL_STA CTRL_REM CTRL_ALL
TRUE N/A N/A N/A N/A OFF = TRUE
FALSE TRUE N/A N/A N/A LOCAL =
TRUE
FALSE FALSE TRUE N/A N/A STATION =
TRUE
FALSE FALSE FALSE TRUE TRUE REMOTE =
TRUE
FALSE FALSE FALSE FALSE TRUE ALL = TRUE
FALSE FALSE FALSE FALSE FALSE OFF = TRUE

3.8.3 L/R control access

Four different Local/Remote control access scenarios are possible depending on the
selected station authority level: “L,R”, “L,R,L+R”, “L,S,R” and “L, S, S+R, L+S, L+S+R". If
control commands need to be allowed from multiple levels, multilevel access can be
used. Multilevel access is possible only by using the station authority levels “L,R,L+R”
and “L, S, S+R, L+S, L+S+R”. Multilevel access status is available from IEC 61850 data
object CTRL.LLNO.MltLev.

Control access selection is made with R/L button or CONTROL function block

and |IEC 61850 data object CTRL.LLNO.LocSta. When writing CTRL.LLNO.LocSta IEC
61850 data object, IEC 61850 command originator category station must be used by
the client, and remote IEC 61850 control access must be allowed by the relay station
authority. CTRL.LLNO.LocSta data object value is retained in the nonvolatile memory.
The present control status can be monitored in the HMI or PCM600 via Monitoring >
Control command with the LR state parameter or from the IEC 61850 data object
CTRL.LLNO. LocKeyHMI.

IEC 61850 command originator category is always set by the IEC 61850 client.
The relay supports station and remote IEC 61850 command originator categories,
depending on the selected station authority level.

3.84 Station authority level “L,R"

Relay default station authority level is “L,R”. In this scenario only local or remote
control access is allowed. Control access with IEC61850 command originator
category station is interpreted as remote access. There is no multilevel access
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REMOTE LOCAL OFF
(o )2
IEC 61850 | [IEC 61850 IEC 61850 | |IEC 61850 || [IEC 61850 | [IEC 61850
remote remote remote remote remote remote
I_V o—-l_l_l I_I_|
IED ﬁ IED IED

Figure 51: Station authority is “L,R”

When station authority level “L,R” is used, control access can be selected using R/L
button or CONTROL function block. IEC 61850 data object CTRL.LLNO.LocSta and
CONTROL function block inputs CTRL STA and CTRL_ALL are not applicable for this
station authority level.

Table 71: Station authority level “L,R” using R/L button

L/R control L/R control status Control access

R/L button CTRL.LLNO.LocSta | CTRL.LLNO.MitLev |L/R state Local user IEC 61850 client !
CTRL.LLNO.LocKey
HMI

Local N/A FALSE X

Remote N/A FALSE 2 X

Off N/A FALSE 0

Table 72: Station authority “L,R” using CONTROL function block

L/R control L/R control status Control access

Control FB input CTRL.LLNO.LocSta | CTRL.LLNO.MltLev |L/R state Local user IEC 61850 client 2
CTRL.LLNO.LocKey
HMI

CTRL_OFF N/A FALSE 0

CTRL_LOC N/A FALSE 1 X

CTRL_STA N/A FALSE 0

CTRL_REM N/A FALSE 2 X

CTRL_ALL N/A FALSE 0

1 Client IEC 61850 command originator category check is not performed.
2 Client IEC 61850 command originator category check is not performed.
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3.8.5

Station authority level "L,R,L+R"

Station authority level "L,R, L+R" adds multilevel access support. Control access can
also be simultaneously permitted from local or remote location. Simultaneous local
or remote control operation is not allowed as one client and location at time can
access controllable objects and they remain reserved until the previously started
control operation is first completed by the client. Control access with IEC61850
originator category station is interpreted as remote access.

REMOTE LOCAL OFF L+R
Qrw Qrm
IEC 61850 | [IEC 61850 IEC 61850 | |IEC 61850 || [IEC 61850 | [IEC 61850 IEC 61850 | |IEC 61850
remote remote remote remote remote remote remote remote
I_V o—-l_l_l I_I_| I_I_|
IED ﬁ IED IED a IED

Figure 52: Station authority is “L,R,L+R”

When station authority level "L,R, L+R" is used, the control access can be

selected using R/L button or CONTROL function block. IEC 61850 data object
CTRL.LLNO.LocSta and CONTROL function block input CTRL _STA are not applicable
for this station authority level.

Table 73: Station authority level "L,R,L+R" using R/L button

L/R Control L/R Control status Control access

R/L button CTRL.LLNO.LocSta | CTRL.LLNO.MltLev |L/R state Local user IEC 61850 client!
CTRL.LLNO.LocKey
HMI

Local N/A FALSE 1 X

Remote N/A FALSE 2 X

Local + Remote N/A TRUE 4 X

Off N/A FALSE 0

Table 74: Station authority “L,R,L+R” using CONTROL function block

L/R Control L/R Control status Control access

Control FB input CTRL.LLNO.LocSta | CTRL.LLNO.MitLev |L/R state Local user IEC 61850 client?®
CTRL.LLNO.LocKey
HMI

CTRL_OFF N/A FALSE 0

CTRL_LOC N/A FALSE 1 X

CTRL_STA N/A FALSE 0

CTRL_REM N/A FALSE 2

CTRL_ALL N/A TRUE 4 X

1 Client IEC 61850 command originator category check is not performed.
2 Client IEC 61850 command originator category check is not performed.
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3.8.6

Station authority level "L,S,R"

Station authority level "L,S,R" adds station control access. In this level IEC 61850

command originator category validation is performed to distinguish control
commands with IEC 61850 command originator category set to “Remote” or
“Station”. There is no multilevel access.

LOCAL REMOTE
(o )2
IEC 61850 IEC 61850
remote remote
IEC 61850 IEC 61850
station station
ﬁ IED IED

STATION OFF
IEC 61850 IEC 61850
remote remote
QP
1IEC 61850 IEC 61850
station station
IED IED

Figure 53: Station authority is “"L,S,R"

When the station authority level “L,S,R” is used, the control access can be

selected using R/L button or CONTROL function block. IEC 61850 data object
CTRL.LLNO.LocSta and CONTROL function block input CTRL STA are applicable for
this station authority level.

Station control access can be reserved by using R/L button or CONTROL function

block together with IEC 61850 data object CTRL.LLNO.LocSta

Table 75: Station authority level “L,S,R” using R/L button

L/R Control L/R Control status Control access

R/L button CTRL.LLNO.LocS | CTRL.LLNO.MItL | L/R state Local user IEC 61850 client | IEC 61850
tal ev CTRL.LLNO.Loc 2 client3

KeyHMI

Local FALSE FALSE 1 X

Remote FALSE FALSE 2 X

Remote TRUE FALSE 3 X

Off FALSE FALSE 0

1 Station client reserves the control operating by writing controllable point LocSta.
2 Client IEC 61850 command originator category is remote.
3 Client IEC 61850 command originator category is station.
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Table 76: Station authority level “L,S,R” using CONTROL function block

L/R Control L/R Control status Control access
R/L button CTRL.LLNO.LocS | CTRL.LLNO.MItL | L/R state Local user IEC 61850 client | IEC 61850
ta* ev CTRL.LLNO.Loc 5 client®
KeyHMI
CTRL_OFF FALSE FALSE 0
CTRL_LOC FALSE FALSE 1 X
CTRL_STA TRUE FALSE 3
CTRL_REM7 TRUE FALSE 3 X
CTRL_REM FALSE FALSE 2 X
CTRL_ALL FALSE FALSE 0
3.8.7 Station authority level “L,S,S+R,L+S,L+S+R”
Station authority level "L,S,S+R,L+S,L+S+R" adds station control access together
with several different multilevel access scenarios. Control access can also be
simultaneously permitted from local, station or remote location. Simultaneous local,
station or remote control operation is not allowed as one client and location at time
can access controllable objects and they remain reserved until the previously started
control operation is first completed by the client.
LOCAL STATION S+R L+S L+S+R OFF
@ @
[ ] [ ]
@ IEC 61850 1EC 61850 @ IEC 61850 IEC 61850
QP [ L d Qr Qr
@ @ O @
[ ] [ ] [ ] [ ]
TEC 61850 IEC 61850 IEC 61850 IEC 61850 1EC 61850
station station station station station station
e [ [
ﬁ 1IED ‘ 1IED ‘ ﬁ ‘ IED ‘ ﬁ IED 1IED
Figure 54: Station authority is “L,5,5+R,L+S,L+5+R”
When station authority level “L,S,S+R,L+S,L+S+R” is used, control access can be
selected using R/L button or CONTROL function block. IEC 61850 data object
CTRL.LLNO.LocSta and CONTROL function block input CTRL STA are applicable for
this station authority level.
“Station” and “Local + Station” control access can be reserved by using R/L
button or CONTROL function block in combination with IEC 61850 data object
CTRL.LLNO.LocSta.
4 Station client reserves the control operating by writing controllable point LocSta.
5> Client IEC 61850 command originator category is remote.
6 Client IEC 61850 command originator category is station.
7

CTRL_STA unconnected in application configuration. Station client reserves the control operating

by writing controllable point LocSta.
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Table 77: Station authority level “L,S,S+R,L+S,L+S+R” using R/L button

L/R Control L/R Control status Control access
R/L button CTRL.LLNO.LocS | CTRL.LLNO.MItL | L/R state Local user IEC 61850 client | IEC 61850
ta! ev CTRL.LLNO.Loc 2 client3
KeyHMI
Local FALSE FALSE 1 X
Remote FALSE TRUE 7 X X
Remote TRUE FALSE 3 X
Local + Remote | FALSE TRUE 6 X X X
Local + Remote | TRUE TRUE 5 X
Off FALSE FALSE 0
Table 78: Station authority level “L,S,S+R,L+S,L+S+R” using CONTROL function block
L/R Control L/R Control status Control access
R/L button CTRL.LLNO.LocS | CTRL.LLNO.MItL | L/R state Local user IEC 61850 client | IEC 61850
ta* ev CTRL.LLNO.Loc 3 client®
KeyHMI
CTRL_OFF FALSE FALSE 0
CTRL_LOC FALSE FALSE 1 X
CTRL_STA FALSE FALSE 3 X
CTRL_REM7 TRUE TRUE 3 X
CTRL_REM FALSE TRUE 7 X
CTRL_ALL FALSE TRUE 6 X
CTRL_ALL’ TRUE TRUE 5 X
3.8.8 Control mode

The function has two outputs BEH TST and BEH_BLK which are activated in test
mode according to 7able 79.

Table 79: Control mode

Control mode Description Control BEH_BLK
On Normal operation FALSE

Blocked Control function commands blocked TRUE

Off Control functions disabled FALSE

For more information, see the Test mode chapter in this manual.

Station client reserves the control operating by writing controllable point LocSta.

Client IEC 61850 command originator category is remote.

Client IEC 61850 command originator category is station.

Station client reserves the control operating by writing controllable point LocSta.

Client IEC 61850 command originator category is remote.

Client IEC 61850 command originator category is station.

CTRL_STA unconnected in application configuration. Station client reserves the control operating
by writing controllable point LocSta.

~N o0 U bh W
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3.8.9

3.8.10

Signals

Table 80: CONTROL Input signals

Name Type Default Description
CTRL_OFF BOOLEAN 0 Control input OFF
CTRL_LOC BOOLEAN 0 Control input Local
CTRL_STA BOOLEAN 0 Control input Station
CTRL_REM BOOLEAN 0 Control input Remote
CTRL_ALL BOOLEAN 0 Control input All
Table 81: CONTROL Output signals

Name Type Description

OFF BOOLEAN Control output OFF

LOCAL BOOLEAN Control output Local

STATION BOOLEAN Control output Station

REMOTE BOOLEAN Control output Remote

ALL BOOLEAN Control output All

BEH_BLK BOOLEAN Logical device CTRL block status

BEH_TST BOOLEAN Logical device CTRL test status
Settings

Table 82: Non group settings

Parameter

Values (Range) Unit Step

Default

LR control

1=LR key
2=Binary input

1=LR key

LR control through LR key or bi-

Station authority

1=L,R

2=L,S,R

3=L,R,L+R
4=L,5,S+R,L+S,L +S+R

1=L,R

Control command originator cat-

Control mode

1=0On
2=Blocked
5=0ff

1=0On

Enabling and disabling control

142

REX640
Technical Manual



1MRS759142 F

Basic functi

ons

3.8.11

Monitored data

Table 83: Monitored data

Name

Type

Values (Range)

Description

Command response

Enum

0=No commands
1=Select open
2=Select close
3=Operate open
4=Qperate close
5=Direct open
6=Direct close
7=Cancel

8=Position reached
9=Position timeout
10=0Object status only
11=0Object direct
12=0Object select
13=RL local allowed
14=RL remote allowed
15=RL off
16=Function off
17=Function blocked
8=Command progress
19=Select timeout
20=Missing authority
21=Close not enabled
22=0pen not enabled
23=Internal fault
24=Already close
25=Wrong client
26=RL station allowed
27=RL change
28=Abortion by trip
29=Reed not closed
30=Motor blocked

31=Motor wrong direc-
tion

Latest command re-
sponse

LR state

Enum

0=0ff
1=Local
2=Remote
3=Station
4=L+R
5=L+S
6=L+S+R
7=S+R

LR state monitoring
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3.9

3.9.1

3.9.2

Fault recorder FLTRFRC (ANSI FR)

Function block

FLTRFRCH il]

» JACRATE

" TRG

OfTZ.5L0

Figure 55: Function block

Functionality

The protection relay has the capacity to store the records of the latest 128 fault
events. Fault records include fundamental or RMS current values. The records enable
the user to analyze recent power system events. Each fault record (FLTRFRC) is
marked with an up-counting fault number and a time stamp that is taken from the
beginning of the fault.

The fault recording period begins from the start event of any protection function
connected to the START input and ends if any protection function connected to the
OPERATE input trips or the start is restored before the operate event. If a start is
restored without an operate event, the start duration shows the protection function
that has started first. The TRIG input can be used to start the fault recording period
with, for example, binary input.

If Start durationhas the value "100%", it indicates that a protection function has
operated during the fault; if none of the protection functions has operated, Start
duration always shows values less than 100%.

The fault recorded data Protection (rec. set 1 or rec. set 2) and Start duration are
from the same protection function. The fault recorded data operate time shows

the time of the actual fault period. This value is the time difference between the
activation of the internal start and operate signals. The actual operate time also
includes the starting time and the delay of the output relay. The fault recorded data
Breaker clear time is the time difference between the internal operate signal and the
activation of the CB_CLRD input.

If some functions in the relay application are sensitive to start frequently,
it might be advisable to set the setting parameter Trig mode to "From
operate". Then only faults that cause an operate event trigger a new fault
recording.

144

REX640
Technical Manual



1MRS759142 F

Basic functions

3.93

The fault-related current, voltage, frequency, angle values, shot pointer and the
active setting group number are taken from the moment of the operate event, or
from the beginning of the fault if only a start event occurs during the fault. The
maximum current value collects the maximum fault currents during the fault. If
frequency cannot be measured, nominal frequency is used for frequency and zero
for frequency gradient and validity is set accordingly.

The measuring mode for phase current and residual current values can be selected
with the A measurement mode setting parameter.

For a detailed description of the measurement modes, see Chapter 11.6
Measurement modes in this manual.

Analog channel configuration

FLTRFRC has twelve analog group inputs which must be properly configured. All
inputs can be connected to GRPOFF.

Table 84: Analog inputs

Input Description

13P11t Three-phase currents

13p21 Three-phase currents

13P31 Three-phase currents

IRES11! Residual current (measured or calculated)
IRES2! Residual current (measured or calculated)
IRES31 Residual current (measured or calculated)
u3p1? Three-phase voltages

u3p2! Three-phase voltages

uU3p31? Three-phase voltages

URES11 Residual voltage (measured or calculated)
URES2! Residual voltage (measured or calculated)
URES31! Residual voltage (measured or calculated)

See the preprocessing function blocks in this document for the possible
signal sources. The GRPOFF signal is available in the function block called
Protection.

There are a few special conditions which must be noted with the configuration.

1 Can be connected to GRPOFF
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Table 85: Special conditions

Condition

Description

URES1 connected to the cal-
culated residual voltage

The function requires that all three voltage channels are con-
nected to UTVTR. Setting VT connection must be "Wye" in

that particular UTVTR.

URESZ2 connected to the cal-
culated residual voltage

The function requires that all three voltage channels are con-
nected to UTVTR. Setting VT connection must be "Wye" in

that particular UTVTR.

URES3 connected to the cal-
culated residual voltage

The function requires that all three voltage channels are con-
nected to UTVTR. Setting VT connection must be "Wye" in

that particular UTVTR.

3.94 Signals

3.94.1 FLTRFRC Input signals

Table 86: FLTRFRC Input signals

Name Type Default Description

13P1 SIGNAL - Three-phase currents
1

13P2 SIGNAL - Three-phase currents
2

13P3 SIGNAL - Three-phase currents
3

IRES1 SIGNAL - Residual current 1

IRES2 SIGNAL - Residual current 2

IRES3 SIGNAL - Residual current 3

U3P1 SIGNAL - Three-phase voltages
1

U3P2 SIGNAL - Three-phase voltages
2

U3P3 SIGNAL - Three-phase voltages
3

URES1 SIGNAL - Residual voltage 1

URES2 SIGNAL - Residual voltage 2

URES3 SIGNAL - Residual voltage 3

3.9.5 Settings
3.9.5.1 FLTRFRC Settings
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Table 87: FLTRFRC Non group settings (Basic)

1=From operate
2=From only start

Parameter Values (Range) Unit Step Default Description

Operation 1=on 1=on Operation Off / On
5=off

Trig mode 0=From all faults O=From all faults Triggering mode

Table 88: FLTRFRC Non group settings (Advanced)

3=Peak-to-Peak

Parameter Values (Range) Unit Step Default Description

A measurement 1=RMS 2=DFT Selects used meas-

mode urement mode
2=DFT

phase currents and
residual current

3.9.6

3.9.6.1

Monitored data

FLTRFRC Monitored data

Table 89: FLTRFRC Monitored data

17=EFLPTOC1
18=EFLPTOC2
19=EFLPTOC3
22=EFHPTOC1
23=EFHPTOC2
24=EFHPTOC3
25=EFHPTOC4
30=EFIPTOC1
31=EFIPTOC2
32=EFIPTOC3
35=NSPTOC1
36=NSPTOC2
-7=INTRPTEF1
-5=STTPMSU1
-3=JAMPTOC1

Name Type Values (Range) Unit Description
Fault number INT32 0...999999 Fault record number
Time and date Timestamp Fault record time stamp
Protection (rec. set 1) Enum 0=None Protection function
(rec. setl)

1=PHLPTOC1

2=PHLPTOC2

6=PHHPTOC1

7=PHHPTOC2

8=PHHPTOC3

9=PHHPTOC4

12=PHIPTOC1

13=PHIPTOC2

Table continues on the next page

REX640
Technical Manual

147



Basic functions

1MRS759142 F

Name

Type

Values (Range)

Unit

Description

41=PDNSPTOC1
44=T1PTTRL
46=T2PTTR1
48=MPTTR1
50=DEFLPDEF1
51=DEFLPDEF2
53=DEFHPDEF1
56=EFPADM1
57=EFPADM2
58=EFPADM3
59=FRPFRQ1
60=FRPFRQ2
61=FRPFRQ3
62=FRPFRQ4
63=FRPFRQ5
64=FRPFRQ6
65=LSHDPFRQ1
66=LSHDPFRQ2
67=LSHDPFRQ3
68=LSHDPFRQ4
69=LSHDPFRQ5
71=DPHLPDOC1
72=DPHLPDOC2
74=DPHHPDOC1
77=MAPGAPC1
78=MAPGAPC2
79=MAPGAPC3
85=MNSPTOC1
86=MNSPTOC2
88=LOFLPTUCI1
90=TR2PTDF1
91=LNPLDF1
92=LREFPNDF1
94=MPDIF1
96=HREFPDIF1
100=ROVPTOV1
101=ROVPTOV2
102=ROVPTOV3
104=PHPTOV1
105=PHPTOV2
106=PHPTOV3
108=PHPTUV1
109=PHPTUV2
110=PHPTUV3
112=NSPTOV1
113=NSPTOV2
116=PSPTUV1
118=ARCSARC1
119=ARCSARC2
120=ARCSARC3

Table continues on the next page
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Name

Type

Values (Range)

Unit

Description

-96=SPHIPTOC1
-93=SPHLPTOC2
-92=SPHLPTOC1
-89=SPHHPTOC2
-88=SPHHPTOC1
-87=SPHPTUV4
-86=SPHPTUV3
-85=SPHPTUV2
-84=SPHPTUV1
-83=SPHPTOV4
-82=SPHPTOV3
-81=SPHPTOV2
-80=SPHPTOV1
-25=0OEPVPH4
-24=0OEPVPH3
-23=0OEPVPH2
-22=0EPVPH1
-19=PSPTOV2
-18=PSPTOV1
-15=PREVPTOC1
-12=PHPTUC2
-11=PHPTUC1
-9=PHIZ1
5=PHLTPTOC1
20=EFLPTOC4
26=EFHPTOC5
27=EFHPTOC6
37=NSPTOC3
38=NSPTOC4
45=T1PTTR2
54=DEFHPDEF2
75=DPHHPDOC2
89=LOFLPTUC2
103=ROVPTOV4
117=PSPTUV2
-13=PHPTUC3
3=PHLPTOC3
10=PHHPTOC5
11=PHHPTOC6
28=EFHPTOC7
29=EFHPTOCS8
107=PHPTOV4
111=PHPTUV4
114=NSPTOV3
115=NSPTOV4
-30=PHDSTPDIS1
-29=TR3PTDF1
-28=HICPDIF1
-27=HIBPDIF1
-26=HIAPDIF1

Table continues on the next page
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Name

Type

Values (Range)

Unit

Description

-32=LSHDPFRQ8
-31=LSHDPFRQ7
70=LSHDPFRQ6
80=MAPGAPC4
81=MAPGAPC5
82=MAPGAPC6
83=MAPGAPC7
-102=MAPGAPC12
-101=MAPGAPC11
-100=MAPGAPC10
-99=MAPGAPC9
-98=RESCPSCH1
-57=FDEFLPDEF2
-56=FDEFLPDEF1
-54=FEFLPTOC1
-53=FDPHLPDOC2
-52=FDPHLPDOC1
-50=FPHLPTOC1
-47=FRPFRQ8
-46=FRPFRQ7
-45=MAPGAPC24
-44=MAPGAPC23
-43=MAPGAPC22
-42=MAPGAPC21
-41=MAPGAPC20
-40=MAPGAPC19
-37=HAEFPTOC1
-35=WPWDE3
-34=WPWDE2
-33=WPWDE1
52=DEFLPDEF3
84=MAPGAPC8
93=LREFPNDF2
97=HREFPDIF2
-117=XDEFLPDEF2
-116=XDEFLPDEF1
-115=SDPHLPDOC2
-114=SDPHLPDOC1
-113=XNSPTOC2
-112=XNSPTOC1
-111=XEFIPTOC2
-110=XEFHPTOC4
-109=XEFHPTOC3
-108=XEFLPTOC3
-107=XEFLPTOC2
-66=DQPTUV1
-65=VVSPPAM1
-64=PHPVOC1
-63=H3EFPSEF1
-60=HCUBPTOC1

Table continues on the next page
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Name

Type

Values (Range)

Unit

Description

-59=CUBPTOC1
-72=DOPPDPR1
-69=DUPPDPR1
-61=COLPTOC1
-106=MAPGAPC16
-105=MAPGAPC15
-104=MAPGAPC14
-103=MAPGAPC13
-76=MAPGAPC18
-75=MAPGAPC17
-62=SRCPTOC1
-74=DOPPDPR3
-73=DOPPDPR2
-70=DUPPDPR2
-58=UZPDIS1
-36=UEXPDIS1
14=MFADPSDE1
-10=LVRTPTUV1
-8=LVRTPTUVZ2
-6=LVRTPTUV3
-122=DPH3LPDOC1

-121=DPH3HPDOC2
-120=DPH3HPDOC1

-119=PH3LPTOC2
-118=PH3LPTOC1
-79=PH3HPTOC2
-78=PH3HPTOC1
-77=PH3IPTOC1
-127=PHAPTUV1
-124=PHAPTOV1
-123=DPH3LPDOC2
-68=PHPVOC2
-67=DQPTUV2
-39=UEXPDIS2
98=MHZPDIF1
-4=MREFPTOC1
-16=MPUPF1
-14=00SRPSB1
121=PSPTUV3
122=PSPTOV3
123=PHVPTOV1
39=DNSPDOC1
40=DNSPDOC2
-126=PHCPTOV1
-125=PHBPTOV1
-97=HIAPDIF3
-95=HICPDIF3
-94=HICPDIF2
-91=HIBPDIF3
-90=HIBPDIF2

Table continues on the next page
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Name Type Values (Range) Unit Description
-71=HIAPDIF2
-55=FRPFRQ12
-51=FRPFRQ11
-49=FRPFRQ10
-48=FRPFRQ9
-38=DSTPDIS1
-21=CUBPTOC3
-20=CUBPTOC2
-17=MPUPF2
-2=PHCPTUV1
-1=PHBPTUV1
4=PHIPTOC3
15=MFADPSDE?2
16=MFADPSDE3
73=DPHLPDOC3
76=DPHHPDOC3
95=HCUBPTOC?2
99=MREFPTOC2
124=PSPTUV4
125=PSPTOV4
127=JAMPTOC2
21=DEFHPDEF4
33=DPHHPDOC4
34=DPHLPDOC4
47=DEFLPDEF4
55=DEFHPDEF3
Protection (rec. set 2) Enum 0=None Protection function
(rec. set 2)
1=External
2=IFPTOC1
3=IFPTOC2
4=IFPTOC3
Start duration FLOAT32 0.00...100.00 % Maximum start dura-
tion of all stages during
the fault
Operate time FLOAT32 0.000...999999.999 s Operate time
Breaker clear time FLOAT32 0.000...3.000 s Breaker clear time
Fault distance FLOAT32 0.00...3000.00 pu Distance to fault meas-
ured in pu
Fault resistance FLOAT32 0.00...3000.00 ohm Fault resistance
Fault reactance FLOAT32 0.00...3000.00 ohm Fault reactance
Active group INT32 1.6 Active setting group
Shot pointer INT32 1.7 Autoreclosing shot
pointer value
Max diff current IL1:1 FLOAT32 0.000...80.000 pu Maximum phase A dif-
ferential current (1)
Max diff current IL2:1 FLOAT32 0.000...80.000 pu Maximum phase B dif-
ferential current (1)
Max diff current IL3:1 FLOAT32 0.000...80.000 pu Maximum phase C dif-
ferential current (1)
Diff current IL1:1 FLOAT32 0.000...80.000 pu Differential current
phase A (1)
Diff current I1L2:1 FLOAT32 0.000...80.000 pu Differential current
phase B (1)

Table continues on the next page
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Name Type Values (Range) Unit Description

Diff current IL3:1 FLOAT32 0.000...80.000 pu Differential current
phase C (1)

Max bias current IL1:1 FLOAT32 0.000...50.000 pu Maximum phase A bias
current: (1)

Max bias current IL2:1 FLOAT32 0.000...50.000 pu Maximum phase B bias
current (1)

Max bias current IL3:1 FLOAT32 0.000...50.000 pu Maximum phase C bias
current (1)

Bias current IL1:1 FLOAT32 0.000...50.000 pu Bias current phase A (1)

Bias current IL2:1 FLOAT32 0.000...50.000 pu Bias current phase B (1)

Bias current IL3:1 FLOAT32 0.000...50.000 pu Bias current phase C (1)

Diff current lo:1 FLOAT32 0.000...80.000 pu Differential current re-
sidual (1)

Bias current lo:1 FLOAT32 0.000...50.000 pu Bias current residual (1)

Max current IL1:1 FLOAT32 0.000...50.000 xIn Maximum phase A cur-
rent (1)

Max current IL2:1 FLOAT32 0.000...50.000 xIn Maximum phase B cur-
rent (1)

Max current IL3:1 FLOAT32 0.000...50.000 xIn Maximum phase C cur-
rent (1)

Max current lo:1 FLOAT32 0.000...50.000 xIn Maximum residual cur-
rent (1)

Current IL1:1 FLOAT32 0.000...50.000 xIn Phase A current (1)

Current IL2:1 FLOAT32 0.000...50.000 xIn Phase B current (1)

Current I1L3:1 FLOAT32 0.000...50.000 xIn Phase C current (1)

Current lo:1 FLOAT32 0.000...50.000 xIn Residual current (1)

Current lo-Calc:1 FLOAT32 0.000...50.000 xIn Calculated residual cur-
rent (1)

Current Ps-Seq:1 FLOAT32 0.000...50.000 xIn Positive sequence cur-
rent (1)

Current Ng-Seq:1 FLOAT32 0.000...50.000 xIn Negative sequence cur-
rent (1)

Max current IL1:2 FLOAT32 0.000...50.000 xIn Maximum phase A cur-
rent (2)

Max current IL2:2 FLOAT32 0.000...50.000 xIn Maximum phase B cur-
rent (2)

Max current IL3:2 FLOAT32 0.000...50.000 xIn Maximum phase C cur-
rent (2)

Max current lo:2 FLOAT32 0.000...50.000 xIn Maximum residual cur-
rent (2)

Current IL1:2 FLOAT32 0.000...50.000 xIn Phase A current (2)

Current IL2:2 FLOAT32 0.000...50.000 xIn Phase B current (2)

Current IL3:2 FLOAT32 0.000...50.000 xIn Phase C current (2)

Current lo:2 FLOAT32 0.000...50.000 xIn Residual current (2)

Current lo-Calc:2 FLOAT32 0.000...50.000 xIn Calculated residual cur-
rent (2)

Current Ps-Seq:2 FLOAT32 0.000...50.000 xIn Positive sequence cur-
rent (2)

Current Ng-Seq:2 FLOAT32 0.000...50.000 xIn Negative sequence cur-
rent (2)

Max current IL1:3 FLOAT32 0.000...50.000 xIn Maximum phase A cur-
rent (3)

Max current IL2:3 FLOAT32 0.000...50.000 xIn Maximum phase B cur-
rent (3)

Max current IL3:3 FLOAT32 0.000...50.000 xIn Maximum phase C cur-
rent (3)

Max current lo:3 FLOAT32 0.000...50.000 xIn Maximum residual cur-
rent (3)

Current IL1:3 FLOAT32 0.000...50.000 xIn Phase A current (3)

Table continues on the next page
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Current IL2:3 FLOAT32 0.000...50.000 xIn Phase B current (3)

Current IL3:3 FLOAT32 0.000...50.000 xIn Phase C current (3)

Current lo:3 FLOAT32 0.000...50.000 xIn Residual current (3)

Current lo-Calc:3 FLOAT32 0.000...50.000 xIn Calculated residual cur-
rent (3)

Current Ps-Seq:3 FLOAT32 0.000...50.000 xIn Positive sequence cur-
rent (3)

Current Ng-Seq:3 FLOAT32 0.000...50.000 xIn Negative sequence cur-
rent (3)

Voltage UL1:1 FLOAT32 0.000...4.000 xUn Phase A voltage

Voltage UL2:1 FLOAT32 0.000...4.000 xUn Phase B voltage

Voltage UL3:1 FLOAT32 0.000...4.000 xuUn Phase C voltage

Voltage Ul2:1 FLOAT32 0.000...4.000 xUn Phase A to phase B volt-
age

Voltage U23:1 FLOAT32 0.000...4.000 xUn Phase B to phase C volt-
age

Voltage U31:1 FLOAT32 0.000...4.000 xuUn Phase C to phase A volt-
age

Voltage Uo:1 FLOAT32 0.000...4.000 xUn Residual voltage

Voltage Zro-Seq:1 FLOAT32 0.000...4.000 xUn Zero sequence voltage

Voltage Ps-Seq:1 FLOAT32 0.000...4.000 xUn Positive sequence volt-
age

Voltage Ng-Seq:1 FLOAT32 0.000...4.000 xUn Negative sequence volt-
age

Voltage UL1:2 FLOAT32 0.000...4.000 xUn Phase A voltage (2)

Voltage UL2:2 FLOAT32 0.000...4.000 xUn Phase B voltage (2)

Voltage UL3:2 FLOAT32 0.000...4.000 xUn Phase B voltage (2)

Voltage U12:2 FLOAT32 0.000...4.000 xUn Phase A to phase B volt-
age (2)

Voltage U23:2 FLOAT32 0.000...4.000 xuUn Phase B to phase C volt-
age (2)

Voltage U31:2 FLOAT32 0.000...4.000 xUn Phase C to phase A volt-
age (2)

Voltage Uo:2 FLOAT32 0.000...4.000 xun Residual voltage (2)

Voltage Zro-Seq:2 FLOAT32 0.000...4.000 xuUn Zero sequence voltage
(2

Voltage Ps-Seq:2 FLOAT32 0.000...4.000 xUn Positive sequence volt-
age (2)

Voltage Ng-Seq:2 FLOAT32 0.000...4.000 xUn Negative sequence volt-
age (2)

Voltage UL1:3 FLOAT32 0.000...4.000 xUn Phase A voltage (3)

Voltage UL2:3 FLOAT32 0.000...4.000 xUn Phase B voltage (3)

Voltage UL3:3 FLOAT32 0.000...4.000 xUn Phase C voltage (3)

Voltage UL12:3 FLOAT32 0.000...4.000 xUn Phase A to phase B volt-
age (3)

Voltage UL23:3 FLOAT32 0.000...4.000 xUn Phase B to phase C volt-
age (3)

Voltage UL31:3 FLOAT32 0.000...4.000 xUn Phase C to phase A volt-
age (3)

Voltage Uo:3 FLOAT32 0.000...4.000 xUn Residual voltage (3)

Voltage Zro-Seq:3 FLOAT32 0.000...4.000 xUn Zero sequence voltage
(3)

Voltage Ps-Seq:3 FLOAT32 0.000...4.000 xUn Positive sequence volt-
age (3)

Voltage Ng-Seq:3 FLOAT32 0.000...4.000 xUn Negative sequence volt-
age (3)

PTTR thermal level FLOAT32 0.00...99.99 PTTR calculated tem-

perature of the protec-
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Name Type Values (Range) Unit Description
ted object relative to
the operate level

PDNSPTOC1 rat. 12/11 FLOAT32 0.00...999.99 % PDNSPTOC1 ratio 12/11

Frequency:1 FLOAT32 0.00...80.00 Hz Frequency (1)

Frequency gradient:1 FLOAT32 -10.00...10.00 Hz/s Frequency gradient (1)

Frequency:2 FLOAT32 0.00...80.00 Hz Frequency (2)

Frequency gradient:2 FLOAT32 -10.00...10.00 Hz/s Frequency gradient (2)

Frequency:3 FLOAT32 0.00...80.00 Hz Frequency (3)

Frequency gradient:3 FLOAT32 -10.00...10.00 Hz/s Frequency gradient (3)

Conductance Yo FLOAT32 -1000.00...1000.00 mS Conductance Yo

Susceptance Yo FLOAT32 -1000.00...1000.00 mS Susceptance Yo

Angle Uo:1-lo:1 FLOAT32 -180.00...180.00 deg Angle residual voltage
(1) - residual current (1)

Angle U23:1- IL1:1 FLOAT32 -180.00...180.00 deg Angle phase B to phase
Cvoltage (1) - phase A
current (1)

Angle U31:1-1L2:1 FLOAT32 -180.00...180.00 deg Angle phase C to phase
Avoltage (1) - phase B
current (1)

Angle U12:1 - 1L3:1 FLOAT32 -180.00...180.00 deg Angle phase A to phase
B voltage (1) - phase C
current (1)

Angle Uo:2 - lo:2 FLOAT32 -180.00...180.00 deg Angle residual voltage
(2) - residual current (2)

Angle U23:2 - IL1:2 FLOAT32 -180.00...180.00 deg Angle phase B to phase
C voltage (2) - phase A
current (2)

Angle U31:2 - IL2:2 FLOAT32 -180.00...180.00 deg Angle phase C to phase
A voltage (2) - phase B
current (2)

Angle U12:2 - IL3:2 FLOAT32 -180.00...180.00 deg Angle phase A to phase
B voltage (2) - phase C
current (2)

Angle Uo:3 - 10:3 FLOAT32 -180.00...180.00 deg Angle residual voltage
(3) - residual current (3)

Angle U23:3 - IL1:3 FLOAT32 -180.00...180.00 deg Angle phase B to phase
Cvoltage (3) - phase A
current (3)

Angle U31:3 - IL2:3 FLOAT32 -180.00...180.00 deg Angle phase C to phase
Avoltage (3) - phase B
current (3)

Angle U12:3 - IL3:3 FLOAT32 -180.00...180.00 deg Angle phase A to phase
B voltage (3) - phase C
current (3)

The recorded differential and bias currents as well as the maximum
differential and bias currents are provided by LNPLDF1, MPDIF1,
TR2PTDF1 or TR3PTDFL. If the configuration contains more than one of
these functions, only the currents from the function first found on the list

are recorded.
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3.10 Nonvolatile memory
The relay does not include any battery backup power. If the auxiliary power is lost,
critical information such as relay configuration and settings, events, disturbance
recordings and other critical data are saved to the relay’s nonvolatile memory. The
relay’s real-time clock keeps running via a 48-hour capacitor backup.
« Up to 1024 events are stored. The stored events are visible in HMI and Event
viewer tool in PCM600.
« Recorded data
- Fault records (up to 128)
- Maximum demands
« Circuit breaker condition monitoring
« Latched alarm and trip LEDs' statuses
« Trip circuit lockout
« Counter values
3.11 Analog measurement channels
The maximum number of physical analog measurement channels is 20. This can
be achieved with two analog input modules. The protection relay also supports up
to 16 SMV channels in four separate 9-2 streams. In addition to the local or 9-2
channels, a certain number of numerical channels is always calculated from physical
measurements. This number also depends on the connection type of the TVTR
function block.
Table 90: TVTR/TCTR connection types and numerical channels
Connection type Function block Physical channels Numerical channels
ULx x 1 ULXTVTR 1 0]
URES ULXTVTR 1 0
ULx x 2 (Wye/Delta) ULXTVTR 2 4
ULx x 2 + URES (Wye/ | ULXTVTR 3 4
Delta)
ULx x 3 (Delta) ULXTVTR 3 3
ULx x 3 (Wye) ULXTVTR 3 4
ILx x 3 ILXTCTR 3 1
IRES RESXTCTR 1 0
ILx X 6 CMSUM 6 4
The maximum number of measurement channels is 64. This can be calculated by
adding physical and numerical channels together.
In REX640 relays, the UTVTR functions automatically calculate missing signals if
enough information is available. If measured Uo is needed for calculations but it is
not provided, it is assumed to be zero. Table 91 shows possible voltage connections
and outcome of the UTVTR function. A three-phase current connection in the ILTCTR
function always provides a calculated lo channel.
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Table 91: Calculated voltages for different connection types

Voltage connection |Phase-to-phase Phase-to-neutral Residual voltage Uo
voltages (Ph-Ph) voltages (Ph-n)
3 x ph-n yes, calculated yes yes, calculated
3 x ph-n + Uo yes, calculated yes yes
2 x ph-n yes, calculated ! yes, missing ph-n cal- | no
culated !
2 x ph-n + Uo yes, calculated yes, missing ph-n cal- | yes
culated
3 x ph-ph yes yes, calculated ! no
3 x ph-ph + Uo yes yes, calculated yes
2 x ph-ph yes, missing ph-ph yes, calculated ! no
calculated
2 x ph-ph + Uo yes, missing ph-ph yes, calculated yes
calculated

Sensor inputs for currents and voltages

This chapter gives short examples on how to define the correct parameters for

sensor measurement interfaces.

Sensors can have correction factors, measured and verified by the sensor
manufacturer, to increase the measurement accuracy. Correction factors
are recommended to be set to the relay. Two types of correction factors
are available for voltage and current (Rogowski) sensors. The Amplitude
correction factor is named Amplitude corr. A(B/C) and Angle correction
factor is named Angl/e corr A(B/C). These correction factors can be found
on the Sensor's rating plate and/or sensor routine test protocol. If the
correction factors are not available, contact the sensor manufacturer for

more information.

\

-
ABB Current Sensor
KECA 80 D85 SN 1VLT5414910279
lpr: B0 A Usr: 0.150/0.180 V cl: 0.5/5P630
Kper: 50 Cfs: al: 0.9955 pl: +0.0817*
fr: S0/80 Hz Ith/ldyn: B5(3s)/230 kA 0.7213/- kY
IEC 60044-8 Made by ABB 0.25kg E 24 OCT 2014

Figure 56: Example of ABB Rogowski current sensor KECA 80 D85 rating plate

Current (Rogowski) sensor setting example

In this example, an 80 A/0.150 V at 50 Hz (0.180 V at 60 Hz) sensor, such as
the example shown in Figure 56, is used in a 50 Hz electrical network. The
application has a 150 A nominal current (In) corresponding to the protected
object’s nominal current. The application nominal current is set to Rogowski

1 Uo assumed zero.
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sensor setting Primary current. Taken from the sensor’s technical data, this
example sensor can be used with up to 4000 A application nominal current.
As the Rogowski sensor is linear and does not saturate, the 80 A/0.150 V at
50 Hz sensor also works as a 150 A/0.28125 V at 50 Hz sensor. When defining
another primary value for the sensor, also the nominal voltage has to be
redefined to maintain the same transformation ratio. However, the setting
in the protection relay (Rated Secondary Value) is not in V but in mV/Hz,
which makes the same setting Rated Secondary Value valid for both 50 and
60 Hz nominal frequency.

/

I—”x K,

RSV =P
fn
(Equation 1)

RSV Rated Secondary Valuein mV/Hz
In Application nominal current
lor Sensor-rated primary current
fa Network nominal frequency
K, Sensor-rated voltage at the rated current in mV

In this example, the value is as calculated using the equation.

1504 150mv Y
A —5.6257%
50Hz Hz

(Equation 2)

With this information, the protection relay's current (Rogowski) sensor
settings can be set.

Table 92: Example setting values for current (Rogowski) sensor

Setting Value
Primary current 150 A
Rated secondary value 5.625 mV/Hz

When considering setting values for current sensor interfaces and for
protection functions utilizing these measurements, it should be noted
that the sensor measurement inputs in the relay have limits for linear
behavior. When this limit is exceeded, the input starts to saturate. The
saturation is reflected to the protection functions connected to the
sensor inputs. To ensure that the related protection functions operate
correctly, the start value setting for protection functions utilizing either
instantaneous or definite minimum time characteristics must not exceed
the linear measurement range. Furthermore, the effect on protection
functions utilizing inverse time characteristics should be considered. The
upper limit of the linear measurement range depends on the selected
application nominal current and the type of the current sensor used. Table
93shows the limits for an 80A/150mV 50Hz sensor.
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Table 93: Application nominal current relation to the upper limit of linear
measurement range

Application nominal Rated secondary value Upper limit of linear
current (I,) with 80A / 0.150 V at 50 measurement range
Hz (0.180 V at 60 Hz)

40..800 A 1.500...30.000 mV/Hz 60 x I,
800...1250 A 30.000...46.875 mV/Hz 60...40 x |,
1250...2500 A 46.875...93.750 mV/Hz 40...20 x |,
2500...4000 A 93.750...150.000 mV/Hz 20..12.5 x |,

Table 93 shows the upper limits of the linear measurement range based

on a certain range in application nominal current. The linear measurement
limit for a given application nominal current can be derived from the values
stated in the table with a simple proportion equation. For example, the
upper limit for linear measurement for 3000 A application nominal current
would be 17.5 xIn.

It can also be calculated from 7ab/e 93 that with the stated sensor the relay
input can linearly measure up to 50 kA (RMS) short circuit currents.

Rogowski sensor and overcurrent protection setting evaluation example

A 20 kV utility substation with a single busbar switchgear rated up to 40

kA shortcircuit currents has one incomer and 20 outgoing feeder relays
using 80 A/0.150 V at 50 Hz Rogowski current sensors with rating plate
values similar to Figure 56. For the incomer panel, electrical system designer
has evaluated the application nominal current to be 1250 A. Customer
specification for these protection relays defines normal instantaneous and
time-delayed overcurrent and earth-fault protection functions. Overcurrent
protection requires functions to be settable up to 20 xIn.

The sensor setting Primary currentis set to be the same as the evaluated
application nominal current 1250 A. According to the sensor’s technical data,
the application nominal current matches the sensor’s capability which is up
to 4000 A.

The setting Rated secondary valueis calculated by using Equation 1.

1250A
-150mV
80A " _4e875™Y
50Hz Hz

(Equation 3)

From Table 93it is seen that with the 1250 A application nominal current
value, the maximum setting for overcurrent protection is 40 xIn. This covers
the customer specification requirements for overcurrent settings of up to 20
xlIn.

Voltage sensor setting example

The voltage sensor is based on the resistive divider or capacitive divider
principle. Therefore, the voltage is linear throughout the whole measuring
range. The output signal is a voltage, directly proportional to the primary
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voltage. For the voltage sensor, all parameters are readable directly from its
rating plate and/or sensor routine test protocol, and conversions are not
needed.

F 3
ABB Voltage Sensor

KEVA 17.5 B21 Electronic voltage transformer
Un: 16/%3 kV K: 1000011 cl: 0.5/3P E
Cfs: al 0.6666 pU: 0.BBBE 2 kg
fr: 50/60 Hz 17.5/38/95 kV 24 MAY 2019
IEC 60044-T Made by ABB S/N 1VLTS41300158T :
\, J
Figure 57: Example of ABB voltage sensor KEVA 17.5 B21 rating plate

In this example the system phase-to-phase voltage rating is 10 kV. Thus, the
Primary voltage parameter is set to 10 kV. For protection relays with sensor
measurement support, the Voltage input typeis set to "Voltage sensor". The
VT connection parameter is set to the "WYE" type. The division ratio for ABB
voltage sensors is most often 10000:1. Thus, the Division ratio parameter is
usually set to "10000". The primary voltage is proportionally divided by this
division ratio.

Table 94: Example setting values for voltage sensor

Setting Value

Primary voltage 10 kV

VT connection Wye

Voltage input type 3=Voltage sensor
Division ratio 10000
Binary inputs

The binary inputs are mainly assembled in groups of three inputs that have one
common connection. The binary inputs are bipolar so the common connection can
be tied to ground or to supply voltage. Input groups are isolated from each other
and from the secondary side. In addition, there can be groups with only one input.
For more information, see Chapter 13.1 Module diagrams in this manual.

In harsh industrial environments binary inputs are exposed to contamination. This
causes a thin film of insulating sulfidation, oxidation, or contaminates on the
surface of the contacts. Film must be removed to establish circuit continuity. Binary
inputs have an oxide-burn feature to create a high wetting current impulse to burn
off oxidation layer when the threshold is reached. Input wetting current is reduced
to a steady-state current when oxide-burn is completed.

In BIO1001 and BIO1003 modules oxide-burn feature can be disabled only on binary
input 14 to use it as pulse counter input. The pulse counter input is enabled by
setting the parameter /nput 14 counter-mode in Configuration > 1/0 modules >
Slot # > Input filtering. When enabled, the pulse counter input has dedicated /nput
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counter threshold voltage and Input counter threshold hysteresis settings. Oxide-
burn feature cannot be disabled in BIO1002 & BIO1004.

In RTD1002 module wetting current can be adjusted by setting the parameter
Input oxide burn Ain Configuration > 1/0 modules > Slot # > Input filtering. This
parameter is common for all binary inputs in the module.

3.13.1 Binary input threshold voltage
The parameter /nput threshold voltageis used to set the threshold level of the
binary inputs. /nput threshold voltage determines the voltage level for the activation
of the inputs. The threshold can be set for every module or slot specifically
depending on the S/ot specific threshold setting.
Table 95: Input threshold voltage parameters
Parameter Values Default
Slot specific threshold O=False O=False
1=True
Input threshold voltage 16...176 V 16V
3.13.2 Threshold hysteresis
Threshold hysteresis is used to determine the deactivation threshold for the binary
inputs in case of voltage drops in the auxiliary voltage supply. Threshold hysteresis
value determines how low the deactivation voltage is compared to the activation
voltage as a percentage. Hysteresis can be set for every module or slot specifically
depending on the S/ot specific hysteresis setting.
ﬂ Binary inputs always deactivate when the voltage level drops below 14 V.
Table 96: Threshold hysteresis parameters
Parameter Values Default
Slot specific hysteresis O=False O=False
1=True
Input threshold hysteresis 10...50 % 10 %
3.13.3 Binary input filter time
The filter time eliminates debounces and short disturbances on a binary input. The
filter time is set for each binary input of the protection relay.
REX640
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N -

1 to 4 Filtered input signal
2 t, 5 Filter time

3 Input signal
Figure 58: Binary input filtering

At the beginning, the input signal is at the high state, the short low state is filtered
and no input state change is detected. The low state starting from the time t
exceeds the filter time, which means that the change in the input state is detected
and the time tag attached to the input change is t ;. The high state starting fromt ;
is detected and the time tag t ; is attached.

Each binary input has a filter time parameter "/nput # filter”, where # is the number
of the binary input of the module in question (for example "/nput 1 filter”).

Table 97: Input filter parameter values

Parameter Values Default

Input # filter time 5...1000 ms 5ms

3.13.4 Binary input inversion
The parameter /nput # invertis used to invert a binary input.
Table 98: Binary input states
Control voltage Input # invert State of binary input
No 0 FALSE (0)
Yes 0 TRUE (1)
No 1 TRUE (1)
Yes 1 FALSE (0)
When a binary input is inverted, the state of the input is TRUE (1) when no control
voltage is applied to its terminals. Accordingly, the input state is FALSE (0) when a
control voltage is applied to the terminals of the binary input.
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3.13.5

3.14

Oscillation suppression

Oscillation suppression is used to reduce the load from the system when a binary
input starts oscillating. A binary input is regarded as oscillating if the number of
valid state changes (= number of events after filtering) during one second is equal
to or greater than the set oscillation level value. During oscillation, the binary input
is blocked (the status is invalid) and an event is generated. The state of the input
will not change when it is blocked, that is, its state depends on the condition before
blocking.

The binary input is regarded as non-oscillating if the number of valid state changes
during one second is less than the set oscillation level value minus the set oscillation
hysteresis value. Note that the oscillation hysteresis must be set lower than the
oscillation level to enable the input to be restored from oscillation. When the input
returns to a non-oscillating state, the binary input is deblocked (the status is valid)
and an event is generated.

Table 99: Oscillation parameters

Parameter Value Default

Input osc. level 2..50 events/s 30 events/s

Input osc. hyst 2..50 events/s 10 events/s

Binary outputs

The protection relay provides a number of binary outputs used for tripping,
executing local or remote control actions of a breaker or a disconnector, and for
connecting the protection relay to external annunciation equipment for indicating,
signalling and recording.

Power output contacts are used when the current rating requirements of the
contacts are high, for example, for controlling a breaker, such as energizing the
breaker trip and closing coils.

The contacts used for external signalling, recording and indicating, the signal
outputs, need to adjust to smaller currents, but they can require a minimum current
(burden) to ensure a guaranteed operation.

The protection relay provides both power output and signal output contacts. To
guarantee proper operation, the type of the contacts used are chosen based on

the operating and reset time, continuous current rating, make and carry for short
time, breaking rate and minimum connected burden. A combination of series or
parallel contacts can also be used for special applications. When appropriate, a
signal output can also be used to energize an external trip relay, which in turn can be
confiugred to energize the breaker trip or close coils.

Using an external trip relay can require an external trip circuit supervision
relay. It can also require wiring a separate trip relay contact back to the
protection relay for breaker failure protection function.

All contacts are freely programmable, except the internal fault output IRF.
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3.14.1

3.141.1

3.14.1.2

Power output contacts

Power output contacts are normally used for energizing the breaker closing coil and
trip coil, external high burden lockout or trip relays.

Dual single-pole power outputs POSP1 and POSP2

Dual (series-connected) single-pole (normally open/form A) power output contacts
POSP1 and POSP2 are rated for continuous current of 8 A. The contacts are normally
used for closing circuit breakers and energizing high burden trip relays. They can be
arranged to trip the circuit breakers when the trip circuit supervision is not available
or when external trip circuit supervision relay is provided.

The power outputs are included in the power supply module in slot G.
Slot G
X1

POSP1

16 —

POSP2

18 —

Figure 59: Dual single-pole power outputs in power supply module

Double-pole power outputs PODP1, PODP2 and PODP3 with trip
circuit supervision

The power outputs PODP1, PODP2 and PODP3 are double-pole normally open/

form A power outputs with trip circuit supervision. The trip circuit supervision
hardware includes constant current generator to provide trip circuit supervision
(TCS) current and TCS input that can be connected to the TCS function with
Application Configuration in PCM600. See Trip circuit supervision TCSSCBR function
for TCS connections.

When the two poles of the contacts are connected in series, they have the same
technical specification as POSP1/POSP2 for breaking duty. Contacts PODP1, PODP2
and PODP3 are usually used for energizing the breaker trip coils.

The power outputs are included in the power supply module in slot G.
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3.14.1.3

Slot G

PGDP1E#3

PO1_TCS «TF—

[©

PDDPQE#]

PO2_TCS =L _F—

| [©

PDDPBE#]

PO3_TCS +_F—

:

O =jth O I

11

10
12

13

14

16
15
17
18

Figure 60: Double-pole power outputs with trip circuit supervision in power supply

module

Static power outputs SPO1...SPO8

The outputs are normally used in applications that require fast relay output contact

activation time to achieve fast opening of a breaker, such as, arc-protection or

breaker failure protection, where fast operation is required either to minimize fault

effects to the equipment or to avoid a fault to expand to a larger area. With the

static power outputs, the total time from the application to the relay output contact

activation is 4...6 ms shorter than when using output contacts with conventional

mechanical output relays.

SPOS5 and SPO7 are equipped with constant current generator to provide trip circuit
supervision (TCS) current. SPO6 and SPO8 are equipped with TCS input that can be
connected to the TCS function with Application Configuration in PCM600. See Trip

circuit supervision TCSSCBR function for TCS connections.

The static power outputs are included in BIO1002 and BIO1004 modules.
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3.14.2

X2
'—_3_

sPo1|—
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SPOS_TCS4[:%SPOS——K 18

Figure 61: Static power outputs SPO1...SPO8

Signal output contacts

Signal output contacts are single-pole, single (normally open/form A or change-
over/form C) signal output contacts (SO1, SO2,...) or parallel connected dual
contacts.

The signal output contacts are used for energizing, for example, external low burden
trip relays, auxiliary relays, annunciators and LEDs.

A single signal contact is rated for a continuous current of 5 A. It has a make and
carry for 0.5 seconds at 15 A.

When two contacts are connected in parallel, the relay is of a different design. It has
the make and carry rating of 30 A for 0.5 seconds. This can be applied for energizing
breaker close coil and tripping coil. Due to the limited breaking capacity, a breaker
auxiliary contact can be required to break the circuit.

Static signal outputs (5501, SSO2) are light-duty fast binary signal outputs and can
also be used as pulse outputs.
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Slot G
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Figure 62: Signal outputs in power supply module
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Figure 63: Signal outputs in BIO1001 and B/O1003 modules

3.14.2.1 Internal fault signal output IRF

The internal fault signal output (change-over/form C) IRF is a single contact
included in the power supply module of the protection relay in slot G.
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Slot G

X1
= bl

Figure 64: Internal fault signal output IRF

N

3.15 RTD/mA inputs/mA outputs

3.15.1 Function blocks
SlotC-mA 1 ﬂ

e AO_VAL Al_VALe
HIGH_ALARNMe

HIGH_WARNe

LOW_WARNe

LOW_ALARMe

SENSOR_FLTe

02[T2,5)12

Figure 65: Function block for mA channel

SIotC-RTD1 _aJ

Al_VALe
HIGH_ALARMe
HIGH_WARN®
LOW_WARNe
LOW_ALARM e
SENSOR_FLTe

Figure 66: Function block for RTD channel

3.15.2 Functionality

The Slot#-mA#/RTD# function is an interface function between the relay's mA/RTD
hardware channels. The function is split into separate function blocks for each
hardware channel.

The mA function block works as an interface for the mA current channel. The channel
can be defined either as a measuring input or a controllable output.

The RTD function block works as an interface for the RTD measuring channel that
supports various types of RTD sensors.

Both function blocks have limit supervision alarm outputs and an output for sensor
fault.
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3.15.3

Operation principle

The operation of Slot#-mA#/RTD# can be described with a module diagram that
illustrates a single input-output combination of the actual function block. All the
modules in the diagram are explained in the next sections.

[ Slot#— Input # | Tnifﬂg [ ALVAL |

—_—_—— e e —_——

—_—_—— e e —_——

Limit —1_ HIGH_ALARM
supervision4| HIGH WARN

|
|
— LOW_WARN |
| LOW_ALARM |

Figure 67: Functional module diagram for input mode

mA
| AO_VAL S rodule — Slot# — Output # |

Figure 68: Functional module diagram for output mode

mA modules

mA current channels are used for input current measurement or output current
control in the range of -20...20 mA (DC current). The channels are configured for
particular input or output signal types by using channel-specific settings. When
Input 1is activated with setting "-20...20mA", the Output 1 mode is blocked. If
Output 2 mode is activated with setting "-20...20mA", the Input 2 mode is blocked.
When a channel is configured as an output, the alarm outputs are deactivated.

RTD modules

RTD channels are used for resistance measurements and they are only input
channels. The inputs are configured for a particular input signal type by using the
channel-specific /nput mode setting. The default mode for each channel is "Not in
use" which means that the channel is not sampled and the output value quality is
set accordingly.

All the channels are independent mA/RTD channels with separated protection,
filtering, reference, A/D-conversion and isolation. Thus, the RTD group is isolated
from mA channels.

The RTD inputs measure resistance in the range of 0...4000 Q. All inputs are
calibrated and the calibration factors are stored on the module in nonvolatile
memory. The calibration circuitry monitors the RTD channels continuously and
reports the circuitry break of any channel.
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The RTD inputs have separate setting values for value update interval. The settings
are: "No delay", "10 ms delay", "50 ms delay" and "100 ms delay". Between the update
intervals the RTD input constantly returns the last valid value before updating to the
new value after the interval time expires.

3.15.3.1 Input mode
Table 100: Analog input modes for the mA inputs
Input mode Description
Not in use Default selection when the corresponding input is not used.
-20...20 mA The analog input covers the range of —20...20 mA. The input
can be used in a narrower range by setting /nput minimum
and /nput maximum. Settings Value minimum and Value
maximum are used to scale the output within the appropri-
ate range. The output unit is selected with the set Value unit.
Table 101: Analog input modes for the RTD inputs
Input mode Description
Not in use Default selection when the corresponding input is not used.
Resistance Freely settable resistance input. /nput minimum and /Input
maximum define the resistive input range. The correspond-
ing output can be scaled based on Value minimum and Value
maximum. The output unit is selected with the set Value
unit.
Pt 100 The input is expected to be the selected temperature sensor.
Pt 250 The set Value unit should be set to degrees Celsius. The
. expected input range is —40...200°C. However, the output can
Ni 100 be scaled to a narrower output range by setting Value mini-
Ni 120 mum and Value maximum.
Ni 250
Selection of value unit format
Each input has an independent Value unit setting that is used to select the unit
for the channel value representation. The default value for the Value unit setting is
"Dimensionless". The /Input minimum, Input maximum, Value maximum and Value
minimum settings have to be adjusted according to the input channel and if Value
unitis changed.
When the RTD channel input is used for the temperature sensor type, the Value
unit setting needs to be changed to "Degrees Celsius". When Value unitis set to
"Degrees Celsius", linear scaling is not applied but the default range (-40...200°C)
can be decreased with the Value maximum and Value minimum settings.
When the DC milliampere signal is connected to the mA channel and the application
requires a linear scaling of the input range, the Value unit setting value has to be set
to "Dimensionless" so that the input range can be linearly scaled with the settings
Input minimum and Input maximum to Value minimum and Value maximum. When
milliampere is used as a value unit, Value unit has to be "Ampere". When Value unit
is set to "Ampere", the default range (-20...20 mA) can be decreased with the Value
maximum and Value minimum settings.
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When a resistance type signal is connected to the RTD channel and the application
requires a linear scaling of the input range, the Va/ue unit setting value has to be set
to "Dimensionless" so that the input range can be linearly scaled with the settings
Input minimum and /nput maximum to Value minimum and Value maximum. When
resistance is used as a value unit, Va/ue unithas to be "Ohm". When Value unitis set
to "Ohm", the default range (0...4000 Q) can be decreased with the Value maximum
and Value minimum settings.

RTD temperature vs. resistance

The resistance values of temperature sensors at specified temperatures are given in

Table 102.

Table 102: Temperature vs. resistance

Temp °C Platinum TCR 0.00385 Nickel TCR 0.00618

Pt 100 Pt 250 Ni 100 Ni 120 Ni 250
-40 84.28 210.70 79.13 94.96 197.83
-30 88.22 220.56 84.15 100.97 210.36
-20 92.16 230.40 89.30 107.16 223.24
-10 96.09 240.21 94.58 113.50 236.45
0 100.00 250.00 100.00 120.00 250.00
10 103.90 259.76 105.55 126.66 263.88
20 107.79 269.48 111.24 133.48 278.09
30 111.67 279.18 117.06 140.47 292.64
40 115.54 288.85 123.01 147.61 307.53
50 119.40 298.49 129.11 154.93 322.76
60 123.24 308.10 135.34 162.41 338.35
70 127.08 317.69 141.72 170.06 354.30
80 130.90 327.24 148.25 177.90 370.63
90 134.71 336.77 154.93 185.92 387.34
100 138.51 346.26 161.78 194.13 404.45
110 142.29 35573 168.79 202.55 421.97
120 146.07 365.17 175.97 211.17 439.93
130 149.83 374.58 183.33 220.00 458.34
140 153.58 383.96 190.89 229.06 477.22
150 157.33 393.31 198.63 238.36 496.59
160 161.05 402.64 206.59 247.91 516.47
170 164.77 411.93 214.76 257.71 536.89
180 168.48 421.20 223.15 267.78 557.88
190 172.17 430.43 231.78 278.14 579.46
200 175.86 439.64 240.66 288.79 601.65
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3.15.3.2

Self-supervision

Each input contains functionality to monitor the input measurement chain. The
circuitry monitors the RTD channels continuously and reports a circuitry break of
any enabled input channel. If the measured input value is outside the limits, the
minimum/maximum value is shown in the corresponding output. The quality of the
corresponding output is set accordingly, and the fault is reported at SENSOR_FLT to
indicate misbehavior in the mA/RTD input.

Table 103: Limits for the mA/RTD inputs

mA/RTD input Limit value
RTD temperature, high >200°C

RTD temperature, low <-40°C

mA current, high >24 mA

mA current, low <-24 mA
Resistance, high >4000Q
Resistance, low Not defined !

When necessary, the valid measuring range may be narrower than the default of the
selected measuring range. A narrower range can be defined with the Value minimum
and Value maximum settings.

RTD input supervision

RTD sensor currents are measured continuously at a fixed rate. The delay between
the RTD current/connectivity checks is about 10s at a maximum (if all 10 RTD
channels are active). If the RTD current is not within +5% of the expected current,
the measurement is considered to be invalid, and the channel is discarded until a
valid current is obtained.

The expected currents are 1 mA for RTD sensors and 0.21 mA for pure resistance.
While the quality of the invalid input is set accordingly, a warning is also provided on
the Relay Status page of LHMI/WHMI. The invalid signal is deactivated as soon as
the corresponding input signal is within the valid range.

Delay for SENSOR_FLT activation depends on the connected sensor type,
amount of connected channels and RTD module type. The maximum
delay is 10 seconds.

mA input supervision

The current limit for mA input supervision is defined by parameter Sensor fault
level. Value must be below /nput minimum parameter. SENSOR FLT is activated,
and measurement quality is set bad when measured current is below set limit. The
supervision is disabled if Sensor fault level/is set to 0 mA.

Output mode

A measurement value from another function, mA input or RTD input can be
represented by the mA output. The mA output scaling principle is otherwise similar

1 Low limit is not defined for the resistance input. In practice the low limit is 0 because the
resistance cannot be negative.
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to the input scaling but there is also a possibility to use up to four different knee
points. To be able to cover a wide range of input units, the input settings used
for scaling are dimensionless. The output range of the mA output is selected with
parameters Value maximum and Value minimum and the selected number of knee
points with parameter Num of knee points. Depending on the amount of Num of
knee points, the knee point settings /nput knee point 1-4 and Value knee point 1-4
are visible.

Table 104: Analog output modes for the mA outputs

Output mode Description

Not in use Default selection when the corresponding output is not
used.

-20...20 mA Analog output can operate in the range of —20...20 mA.

The output can be used in a narrower range by setting Value
minimum and Value maximum.

3.15.4 Application

The general function block can be used in REX640 relays that are equipped with an
RTD/analog module.

The function can be applied to various applications, for example, to measure
temperature, pressure or flow.

3.154.1 Input scaling

Each mA/RTD input can be scaled linearly by constructing a separate scaling curve
for each input. The curve consists of two points where the x-axis of the curve

illustrates a range selected for the input and the y-axis is the scaled absolute value
of the input. The input scaling is enabled only when mA or resistance input is used.

When the scaling is enabled, the settings Value maximum and Value minimum affect
the scaled range. The range of the scaled input is defined with the settings /nput
minimum and /nput maximum.

Scaling example 1

The function is used with a Pt100 temperature sensor. Predefined scaling can be
selected when /nput modeis set to "Pt100".
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Al_VAL

200 °C —

Value unit
"Degrees celsius”

-40°C —-

' Input mode '
"Pt100”

Figure 69: Pt100 scaling function

Scaling example 2

Input modeis set to —20...20 mA that is used for tap position information fed from
the tap changer. The tap positions are between -36...36. Thus, the scaling setting
Value minimum s set to "-36" and Value maximum s set to "36". These settings
apply the input scaling to the output. In the tap position case, the Value unit should
be set to "Dimensionless".

Value maximum Al_VAL
36

Value unit
"Dimensionless”

Value minimum

.36 —— Input
| |
' Input mode '
4 mA 20 mA
mA ».20..20mA" .
Input minimum Input maximum

Figure 70: Tap changer position from mA input

Scaling example 3

When /nput modeis set to "Resistance", the output can be scaled as desired. For
example, the desired function output is a ratio in a function of resistance. If the
input resistance varies between 100...1600 ohms, /nput minimum s set to "100" and
Input maximum s set to "1600". As the wanted output should be in percents, the
setting Value unitis set to "Dimensionless". When /nput modeis set to "Resistance",
output scaling is enabled. Thus, Value minimumis set to "0" and Value maximum

is set to "100". These settings allow the input values to be scaled as a ratio of the
resistance range.
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Value maximum
100 —++

Al_VAL

Value unit
"Dimensionless”

Value minimum
0 —— Input

| |

| [

1000 Input mode

) 1600Q
. "Resistance .
Input minimum Input maximum

”

Figure 71: Output as a ratio of the resistance range

The output scaling function:

_Input maximum — Input minimum
Value maximum — Value minimum

(Equation 4)

f = —k-Value minimum+ Input minimum

(Equation 5)

Al vAL = Input=f

(Equation 6)

3.154.2 Limit value supervision
All the measurement inputs have individual limit supervision modules that operate
similarly as in the measurement functions. The measured values are compared
against their set value limits. The limit supervision outputs are HIGH ALARM,
HIGH WARN, LOW WARN and LOW ALARM.
When an output is scaled, Value maximum and Value minimum are the range limits
to which the output value is limited or scaled. Hysteresis is added to the range limit
values so that the output value is allowed to slightly exceed or go below the limit
value before being treated as out of range.
The pre-defined hysteresis values are set based on the set Value unit.
Table 105: Pre-defined hysteresis values based on Value unit
Value unit Hysteresis
Dimensionless Based on the scaling function !
Ampere 0.1mA
Table continues on the next page
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Value unit Hysteresis
Degrees Celsius 0.5°C
Ohm 2Q

|Value maximum - Value minimum|
| Input maximum — Input minimum |

Hysteresis -

(Equation 7)

Example

Ampere input —20...20 mA is scaled to tap position information 0...36. The
actual hysteresis for limit supervision is 0.18.

Y A p( out of Range 7/_\
Value maximum [ — — — — — — O G el Rl

Val highhighlmt f ———-—»*-_ & _ _ _ _____ _ _ _ _______J——————_—_—_\—_—_———.

val highlimit - 2 _—— _—_— _ _ _ _ _ _&__ _ _ _ _ _ _ _ _ __ _ _ __J-—_—_____—_—_—__ ————
\ X_RANGE=0 { 7 \
>
X_RANGE=0 t
vallowlimit .~ - - -~ ————————— x —————————————— l _________________

X_RANGE=2 X &
val low low limit [ -~~~ ——————————)\———————— _— A —_—— -

vValue minimum | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ™~ o o .

Figure 72: Limit value supervision

3.154.3 Deadband supervision

This is the same functionality as in measurement functions.

3.15.4.4 Output scaling

The mA outputs are scaled linearly by constructing linear scaling curves for each
output.
Value maximum and Value minimum affect the scaled output range. The range of

the scaled input is defined with the settings /nput minimum and /nput maximum.
Depending on setting Num of knee points, the output can be scaled with up to five

1 When the input is scaled to the "Dimensionless" output, the additional hysteresis is added the
initial table value.
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linear curves. The knee points are defined by parameters /nput knee point 1-4 and
Value knee point 1-4.

Example 1: VMMXU1 to mA output

VMMXU1 Slot# — mA#

—{ usp HIGH_ALARM — AO_VAL ALVAL |—
—| BLOCK  HIGH_WARNING [— HIGH_ALARM [—
LOW_WARN |— HIGH_WARN [—
LOW_ALARM [— LOW_WARN |—
U12-kv LOW_ALARM |—

U23-kV |—

U31-kV —

U_INST_A —

U_INST B |—

U_INST_C |—

Figure 73: Application example for VMMXU1 to mA output

The measured phase-to-phase voltage from VMMXU is connected to
AO_VAL. Input maximum value is set to "24" (kV) and /nput minimum value is
set to "18" (kV). The input unit is not significant as long as the value range is
in the same scale. Value maximum s set to "20" mA and Value minimum to
"4" mA. Num of knee pointsis set to "0".

Output [mA]

Value maximum 20 —

12 —

Value minimum 4 —

| | : > AO_VAL
18 21 24
Input minimum Input maximum

Figure 74: Scaling of AO_VAL to mA output

Example 2: mA input to mA output

Slot# — mAl
Al_VAL
HIGH_ALARM
HIGH_WARN
LOW_WARN
LOW_ALARM

L Slot# — mA2
AO_VAL Al_VAL

HIGH_ALARM
HIGH_WARN
LOW_WARN
LOW_ALARM

—]{ AO_VAL

Figure 75: Application example for mA input to mA output
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mMA current is measured at channel 1. AT VAL from measuring channel 1is
connected to A0 VAL of output channel 2. Input maximumis set to "20"
(mA) and /nput minimum to "-20" (mA). Value maximumis set to "20" mA
and Value minimum s set to "0" mA. Num of knee pointsis set to "2".

Output [mA]
Value maximum 20 —

Value knee

point 2 154
Value knee 5 |
point 1
Value minimum 0 —
[ [ [ [
-20 -15 15 20
& e 2 &
O & o )
®® E N \\li\\f], ,5\)6\
Q(\\ Q\!}\ \‘)\\ (\Qo o\(\ \6\
Q& AR AN Q\)
N\ O

Figure 76: Scaling of AO_VAL to mA output with two knee points

Example 3: RTD input to mA output

Slot# — mAl

AO_VAL Al_VAL
HIGH_ALARM
HIGH_WARN
LOW_WARN

LOW_ALARM

Slot# — RTD 7
AI_VAL

HIGH_ALARM
HIGH_WARN
LOW_WARN
LOW_ALARM
SENSOR_FLT

Figure 77: Application example for RTD input to mA output

Tap position is measured by the RTD channel 7. AT VAL from channel 7 is
connected to A0 VAL of channel 1. /nput maximumis set to "160" (ohm) and
Input minimum to "10" (ohm). Value maximumis set to "20" mA and Value
minimumis set to "4" mA. Num of knee points is set to "4".

AO_VAL
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Output [mA]

Value maximum 20 —
Value knee point 4 19 —

Value knee point 3 12 —
Value knee point 2 11 —

Value knee point1 5 —
Value minimum 4 —
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Figure 78: Scaling of AO_VAL to mA output with four knee points

Incorrect knee point values against the minimum and
maximum values and a too narrow interval between the
knee point values can cause inaccuracy to the output
scaling function. Use increasing linearity and a value
interval >1.0 for most accurate results.

3.15.5 RTD/mA input/mA output connection
RTD inputs can be used with a 2-wire or 3-wire connection with common ground.
When using the 3-wire connection, it is important that all three wires connecting the
sensor are symmetrical, that is, the wires are of the same type and length. Thus the
wire resistance is automatically compensated.
RTD/mA card variants
The available variants of RTD cards are 10RTD/2mA and 3RTD/6mA. The features are
similar in both cards.
10RTD/2mA card
This card accepts two milliampere inputs and ten inputs from the RTD sensors. The
inputs 1 and 2 are used for current measurement, whereas inputs from 3 to 12 are
used for resistance type of measurements.
3RTD/6mA card
This card accepts six milliampere inputs and three inputs from the RTD sensors. The
inputs from 1 to 6 are used for current measurement, whereas inputs from 7 to 9
are used for resistance type of measurements.
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Figure 79: Four RTD/resistance sensors connected according to the 3-wire
connection for 10RTD/2mA card
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Figure 80: Four RTD/resistance sensors connected according to the 2-wire
connection for 10RTD/2mA card
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3.15.6

3.15.7

Signals

Table 106: mA Input signals

Name Type Default Description
AO_VAL FLOAT32 0 mA output, instanta-
neous value
Table 107: mA Output signals
Name Type Description
Al_VAL FLOAT32 mA input, instantaneous value

Table 108: RTD Output signals

Name Type Description
Al_VAL FLOAT32 RTD input, instantaneous value
SENSOR_FLT BOOLEAN Sensor fault

Table 109: Common outputs for each function block

Name Type Description

HIGH_ALARM BOOLEAN General high alarm

HIGH_WARN BOOLEAN General high warning

LOW_WARN BOOLEAN General low warning

LOW_ALARM BOOLEAN General low alarm
Settings

Table 110: Input-specific settings for mA

Parameter Values (Range) Unit Step Default Description
Input mode 1=Not in use 1=Not in use Analogue input mode
5=0..20mA
Input maximum -20...20 mA Maximum analogue input value
for mA or resistance scaling
Input minimum -20...20 mA Minimum analogue input value

for mA or resistance scaling

Value unit 1=Dimensionless 1=Dimensionless Selected unit for output value
format
5=Ampere
23=Degrees celsius
30=Ohm
Value maximum -10000.0...10000.0 10000 Maximum output value for scal-
ing and supervision
Value minimum -10000.0...10000.0 -10000 Minimum output value for scal-
ing and supervision
Val high high limit -10000.0...10000.0 10000 Output value high alarm limit for
supervision
Value high limit -10000.0...10000.0 10000 Output value high warning limit

for supervision

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
Value low limit -10000.0...10000.0 -10000 Output value low warning limit
for supervision
Value low low limit -10000.0...10000.0 -10000 Output value low alarm limit for
supervision
Value deadband 100...100000 1000 Deadband configuration value
for integral calculation. (percent-
age of difference between min
and max as 0,001 % s)
Sensor fault level 0...3 mA 0 Below this current level sensor
fault is activated
Table 111: Input-specific settings for RTD
Parameter Values (Range) Unit Step Default Description
Input mode 1=Not in use 1=Not in use Analogue input mode
2=Resistance
10=Pt100
11=Pt250
20=Ni100
21=Ni120
22=Ni250
30=Cul0
Input maximum 0...4000 Q Maximum analogue input value
for mA or resistance scaling
Input minimum 0...4000 Q Minimum analogue input value
for mA or resistance scaling
Value unit 1=Dimensionless 1=Dimensionless Selected unit for output value
format
5=Ampere
23=Degrees celsius
30=0hm
Value maximum -10000.0...10000.0 10000 Maximum output value for scal-
ing and supervision
Value minimum -10000.0...10000.0 -10000 Minimum output value for scal-
ing and supervision
Val high high limit -10000.0...10000.0 10000 Output value high alarm limit for
supervision
Value high limit -10000.0...10000.0 10000 Output value high warning limit
for supervision
Value low limit -10000.0...10000.0 -10000 Output value low warning limit
for supervision
Value low low limit -10000.0...10000.0 -10000 Output value low alarm limit for
supervision
Value deadband 100...100000 1000 Deadband configuration value
for integral calculation. (percent-
age of difference between min
and max as 0,001 % s)
Update interval 0=No delay 0 Value update interval
1=10 ms
2=50 ms
3=100 ms
Table 112: Output-specific settings for mA
Parameter Values (Range) Unit Step Default Description

Output mode

1=Not in use

1=Not in use

Analog output mode

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
6=0...20mA
Num of knee points | 0...4 0] Number of knee points in scaling
Input maximum -10000.0...10000.0 10000.0 Maximum analog input value for
mA scaling
Input knee point 4 -10000.0...10000.0 0.0 Input knee point value 4 for scal-
ing
Input knee point 3 -10000.0...10000.0 0.0 Input knee point value 3 for scal-
ing
Input knee point 2 -10000.0...10000.0 0.0 Input knee point value 2 for scal-
ing
Input knee point 1 -10000.0...10000.0 0.0 Input knee point value 1 for scal-
ing
Input minimum -10000.0...10000.0 -10000.0 Minimum analog input value for
mA scaling
Value maximum -20.0...20.0 mA 20 Maximum analog output value
for mA output
Value knee point 4 -20.0...20.0 mA 0 Knee point value 4 for output
scaling
Value knee point 3 -20.0...20.0 mA 0 Knee point value 3 for output
scaling
Value knee point 2 -20.0...20.0 mA 0 Knee point value 2 for output
scaling
Value knee point 1 -20.0...20.0 mA 0 Knee point value 1 for output
scaling
Value minimum -20.0...20.0 mA -20 Minimum analog output value for
mA output
3.15.8 Monitored data
Table 113: mA Monitored data
IEC name Type Values Unit Description
(Range)
Al_RANGE Enum mA input, range
Al_DB FLOAT32 mA input, reported value
Table 114: RTD Monitored data
IEC name Type Values Unit Description
(Range)
Al_RANGE Enum RTD input, range
Al_DB FLOAT32 RTD input, reported value

3.16

SMV function blocks

SMV function blocks are used in the process bus applications with the IEC 61850-9-2
LE protocol. Function blocks represent the sending of the sampled measured values
of analog currents and voltages and the receiving of the sampled values of analog

currents and voltages.
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3.16.1 SMV stream sender (IEC 61850-9-2LE) SMVSENDER
3.16.1.1 Function block
SMVSENDER il

 Res
e U3P
® URES
Figure 86: Function block

3.16.1.2 Functionality
The SMV stream sender (IEC 61850-9-2LE) function SMVSENDER is used for
activating the SMV sending functionality. It adds/removes the sampled value
control block and the related data set into/from the sending device's configuration.
It has only input signals.
SMVSENDER can be disabled with the Operation setting value “off”. Toggling
SMVSENDER “on” or “off” can be done from the LHMI. When disabled, the sending of
the sample values is disabled.

3.16.1.3 Settings

Table 115: SMVSENDER Settings

Parameter Values (Range) Unit Step Default Description

Operation 1=on 1=on Operation
5=off
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3.16.2 SMV stream receiver (IEC 61850-9-2LE) SMVRCV
3.16.2.1 Function block
SMVRCV1 if

ULle
UL2e
UL3e
Uoe
ILe
IL2e
IL3e
Iz =

Figure 87: Function block

3.16.2.2 Functionality

The SMV stream receiver (IEC 61850-9-2LE) function SMVRCYV is used for connecting
SMV channels to the application.

3.16.2.3 Signals

Table 116: SMVRCV Output signals

Name Type Description

uL1 INT32-UL1 IEC61850-9-2 phase 1 voltage
uL2 INT32-UL2 IEC61850-9-2 phase 2 voltage
UL3 INT32-UL3 IEC61850-9-2 phase 3 voltage
uo INT32-Uo IEC61850-9-2 residual voltage
IL1 INT32-IL1 IEC61850-9-2 phase 1 current
L2 INT32-IL2 IEC61850-9-2 phase 2 current
IL3 INT32-IL3 IEC61850-9-2 phase 3 current
10 INT32-10 IEC61850-9-2 residual current

190 REX640

Technical Manual



1MRS759142 F

Basic functions

3.17

3.17.1

3.17.11

3.17.1.2

3.17.1.3

Preprocessing blocks

Phase current preprocessing ILTCTR

Identification

IEC 61850
identification

ILTCTR

IEC 60617
identification

ILTCTR

Function description ANSI/IEEE C37.2

device number

ILTCTR

Phase current preprocessing

Function block
ILTCTR1

a
ALARMe
WARNINGe
13Pe
IRES_CLCe
IRES_CLC_DRe
IL1_DRe

[ BN
o2
® L3

IL2_ DRe
IL3_DRe
NPS_DRe
PPS_DRe

Figure 88: Function block

Functionality

The phase current preprocessing function ILTCTR is used for setting up the three
phase current measurement channels. The input channels for ILTCTR are either
physical hardware or IEC 61850-9-2 sampled value channels. The output 13P
channel of ILTCTR can be connected to different applications which require 3 phase
current and positive- and negative-sequence current. The output IRES CLC can be
connected to functions using the calculated residual current.

The current transducer selection can be made by setting Current input typeto
"Current trafo" for conventional CT or to "Current sensor" for current sensor type.

The sensor's or the CT's primary rated current can be set using Primary current
setting. The setting Secondary current defines the nominal current of the CT's
secondary winding. This is used as a reference to scale the measurements
accordingly. These settings also affect the scaling of the calculated residual current.

Current magnitude correction of an external CT can be made using settings
Amplitude Corr A, Amplitude Corr Band Amplitude Corr C.

Current angle correction of an external CT can be made using settings Angle Corr A,
Angle Corr Band Angle Corr C.

Rated secondary Valsetting defines the ratio for sensor use. This value multiplied
by the Rated frequency setting (under Configuration > System) gives the sensor's
nominal voltage corresponding to the sensors' primary rated current.

Reverse polarity setting is used to reverse the polarity of phase CTs.
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The WARNING output in the receiver is activated if the synchronization accuracy of
the sender or the receiver is worse than 4 us. The output remains on for 10 seconds

after the synchronization accuracy returns within limits.

The ALARM in the receiver is activated if the synchronization accuracy of the sender
or the receiver is not within tolerances. The output is held on for 10 seconds after
the synchronization accuracy returns within limits. If the effect on protection is

negligible, the WARNING or ALARM output is not activated.

The SMV Max Delay setting defines how long the receiver waits for the SMV

frames before activating the ALARM output. This setting can be accessed via
Configuration > System. Waiting for the SMV frames delays the local measurements
of the receiver to keep them correctly time aligned. The SMV Max Delay values
include sampling, processing and network delay.

Frequency adaptive measurements for a three-phase current can be activated with

the setting Frequency adaptivity. Three selections are provided.

Table 117: Frequency adaptivity setting for three-phase current measurement

Setting value

Description

Disable Frequency adaptive measurements are disabled for this
ILTCTR. Measurements are fixed to nominal frequency de-
fined with Configuration > System > Rated frequency.

Enable Frequency adaptive measurements are enabled. In this case,

the estimated network frequency is defined by another pre-

processing block.

Backup frequency source

Frequency adaptive measurements are enabled. If the main
frequency source cannot determine the network frequency,
the currents of the preprocessing block determine the net-

work frequency.

All three phases must be always connected.

ILTCTR setting Frequency adaptivityis visible only if the system setting
Configuration > System > Frequency adaptivity is set to "Enable".

3.17.14 Signals
ILTCTR Input signals
Table 118: ILTCTR Input signals
Name Type Default Description
IL1 SIGNAL - Analog input
IL2 SIGNAL - Analog input
IL3 SIGNAL - Analog input
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ILTCTR Output signals

Table 119: ILTCTR Output signals

Name Type Description
ALARM BOOLEAN Alarm
WARNING BOOLEAN Warning
I13P SIGNAL Three-phase currents
IRES_CLC SIGNAL Residual current, calculated
IRES_CLC_DR SIGNAL Residual current, calculated,
for disturbance recorder
IL1_DR SIGNAL Phase current IL1 for disturb-
ance recorder
IL2_DR SIGNAL Phase current IL2 for disturb-
ance recorder
IL3_DR SIGNAL Phase current IL3 for disturb-
ance recorder
NPS_DR SIGNAL Negative sequence current
for disturbance recorder
PPS_DR SIGNAL Positive sequence current for
disturbance recorder
3.17.1.5 Settings
ILTCTR Settings
Table 120: ILTCTR Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Current input type | >=cyrrent trafo 2=Current trafo Type of the current
input
4=Current sensor
Primary current 1.0...15000.0 A 0.1 100.0 Rated primary cur-
rent
Secondary current | >_qa 2=1A Rated secondary
current
3=5A
Rated secondary 1.000...150.000 mV/Hz 0.001 3.000 Rated Secondary
Val Value (RSV) ratio
Amplitude Corr A 0.9000...1.1000 0.0001 1.0000 Phase A amplitude
correction factor
Amplitude Corr B 0.9000...1.1000 0.0001 1.0000 Phase B amplitude
correction factor
Amplitude Corr C 0.9000...1.1000 0.0001 1.0000 Phase C amplitude
correction factor
Angle Corr A -8.0000...8.0000 deg 0.0001 0.0000 Phase A angle cor-
rection factor
Angle Corr B -8.0000...8.0000 deg 0.0001 0.0000 Phase B angle cor-
rection factor
Angle Corr C -8.0000...8.0000 deg 0.0001 0.0000 Phase C angle cor-
rection factor
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Table 121: ILTCTR Non group settings (Advanced)

Parameter Values (Range) Unit Step Default Description
Reverse polarity O=False O=False Reverse the polari-
ty of the phase CTs
1=True
Frequency adaptivi-| g=pisable O=Disable Frequency adaptivi-
ty ty selection
1=Enable
3=Backup frequen-
cy source

3.17.1.6 Monitored data
Monitored data is available in three locations.
« Monitoring > I/0O status > Analog inputs
- Monitoring > IED status > SMV traffic
- Monitoring > IED status > SMV accuracy
3.17.2 Residual current preprocessing RESTCTR
3.17.2.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Residual current preprocessing RESTCTR RESTCTR RESTCTR
3.17.2.2 Function block
RESTCTR1 a|
® IRES ALARMe
WARNINGe
IRES_MEASe
IRES_MEAS_DRe
Figure 89: Function block
3.17.2.3 Functionality
The residual current preprocessing function RESTCTR is used for setting up the
residual current measurement channels. Input channels for RESTCTR are either
physical hardware or IEC 61850-9-2 sampled value channels. The output IRES MEAS
channel of RESTCTR can be connected to different applications which require
measured residual current.
The current transducer selection can be made by setting Current input typeto
"Current trafo" for conventional CT or to "Current sensor" for current sensor type.
The residual CTs' primary rated current can be set using Primary current setting.
The setting Secondary current defines the nominal current of the CT's secondary
winding. This is used as a reference to scale measurements accordingly.
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Residual current magnitude correction of an external CT can be made using the
Amplitude Corr setting.

Residual current angle correction of an external CT can be made using the Angle
correction setting.

Rated secondary Val (RSV) setting in combination with Primary current setting
defines the ratio for sensor use. See Chapter 3.12 Sensor inputs for currents and
voltages in this manual for further details.

Rated secondary Valshould be set to same value in all RESTCTR instances
which are configured to sensor measurement.

The Reverse polarity setting is used to reverse the polarity of the residual CT.

The WARNING output in the receiver is activated if the synchronization accuracy of
the sender or the receiver is worse than 4 us. The output is held on for 10 seconds
after the synchronization accuracy returns within limits.

The ALARM in the receiver is activated if the synchronization accuracy of the sender
or the receiver is not within tolerances. The output is held on for 10 seconds after
the synchronization accuracy returns within limits. If the effect on protection is
negligible, the WARNING or ALARM outputs are not activated.

The SMV Max Delay setting defines how long the receiver waits for the SMV
frames before activating the ALARM output. This setting can be accessed via
Configuration > System. Waiting for the SMV frames also delays the local
measurements of the receiver to keep them correctly time aligned. The SMV Max
Delayvalues include sampling, processing and network delay.

Frequency adaptive measurements for residual current can be activated with the
setting Frequency adaptivity. Two selections are provided.

Table 122: Frequency adaptivity setting for residual current measurement

Setting value Description

Disable Frequency adaptive measurements are disabled for this
RESTCTR. Measurements are fixed to nominal frequency de-
fined with Configuration > System > Rated frequency.

Enable Frequency adaptive measurements are enabled. In this case,
the estimated network frequency is defined by another pre-
processing block.

RESTCTR setting Frequency adaptivityis visible only if system setting
Configuration > System > Frequency adaptivity is set to "Enable".

3.17.2.4 Signals
RESTCTR Input signals
Table 123: RESTCTR Input signals
Name Type Default Description
IRES SIGNAL - Residual current
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3.17.2.5

RESTCTR Output signals

Table 124: RESTCTR Output signals

Name Type Description

ALARM BOOLEAN Alarm

WARNING BOOLEAN Warning

IRES_MEAS SIGNAL Residual current, measured
IRES_MEAS_DR SIGNAL Residual current, measured,

for disturbance recorder

Settings
RESTCTR Settings

Table 125: RESTCTR Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description
Currentinput type | >-cyrrent trafo 2=Current trafo Type of the current
input
4=Current sensor
Primary current 1.0...15000.0 A 0.1 100.0 Primary current
Secondary current | 1-0 2 2=1A Secondary current
2=1A
3=5A
Rated secondary 1.000...150.000 mV/Hz 0.001 3.000 Rated Secondary
Val Value (RSV) ratio
Amplitude Corr 0.9000...1.1000 0.0001 1.0000 Amplitude correc-
tion
Angle correction -8.0000...8.0000 deg 0.0001 0.0000 Angle correction
factor
Table 126: RESTCTR Non group settings (Advanced)
Parameter Values (Range) Unit Step Default Description
Reverse polarity O=False O=False Reverse the polari-
ty of the residual
1=True cT
Frequency adaptivi-| g=pisable O=Disable Frequency adaptivi-
ty ty selection
1=Enable
3.17.2.6 Monitored data
Monitored data is available in three locations.
- Monitoring > 1/0 status > Analog inputs
- Monitoring > IED status > SMV traffic
« Monitoring > IED status > SMV accuracy
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3.17.3

3.17.3.1

3.17.3.2

3.17.3.3

Phase and residual voltage preprocessing UTVTR

Identification

IEC 61850
identification

IEC 60617
identification

ANSI/IEEE C37.2
device number

Function description

Phase and residual voltage prepro- | UTVTR UTVTR UTVTR

cessing

Function block
UTVTR1

al
ALARMe
WARNINGe
URES_ALARMe
URES_WARNINGe
U3Pe
URES_CLCe
URES_MEASe
URES_CLC_DRe
URES_MEAS_DRe
U1_DRe

U2_DRe

U3_DRe
NPS_DRe
PPS_DRe
FREQ_DRe

e UL1

e UL2

e UL3

® MINCB_OPEN
® URES

\

Figure 90: Function block

Functionality

The phase and residual voltage preprocessing function UTVTR is used for setting up
the three phase voltage measurement channels and residual voltage measurement.
The input channels for UTVTR are either physical hardware or IEC 61850-9-2 sampled
value channels.

The output channel U3P of UTVTR can be connected to different applications which
require phase voltage, positive and negative sequence.

Outputs URES_MEAS and URES_CLC can be connected to different applications
which require measured residual voltage or calculated residual voltage (from phase
voltages), respectively.

If only two phase-to-earth/phase-to-phase voltages are available, then
the third phase-to-earth/phase-to-phase voltage can be calculated
without URES input connected (assumed to be zero in that case).
Positive- and negative-sequence components are also calculated using
these voltages. The accuracy of the calculated phase-to-earth values is
affected if the actual residual voltage is not zero.

If an application function requires only the frequency value, output U3P of
UTVTR still needs to be connected since the frequency is calculated from
the voltage.

The voltage transducer selection can be made by setting Vo/tage input typeto
"Voltage trafo" for conventional VT or to "Voltage sensor" for voltage sensor type.
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The sensor's or the VTs' primary rated voltage can be set using Primary voltage
setting. The setting Secondary voltage defines the nominal voltage of the VT's
secondary winding. This is used as a reference to scale the measurements
accordingly.

Division ratio setting defines the ratio for sensor use.

The division ratio for ABB voltage sensors is typically 10000:1. Thus, the
Division ratio setting is usually set to "10000". For more information on
Division ratio, see Chapter 3.12 Sensor inputs for currents and voltages.

The Voltage (Uo) residual voltage settings are also used for scaling the calculated
residual voltage in comparison to the measured residual voltage.

The Voltage (Uo) settings must be set for output URES_MEAS and
URES_CLC scaling. If the residual voltage is not connected to UTVTR,
Voltage (Uo) settings must be set only for the calculated residual voltage
URES_CLC scaling.

If the residual voltage is not connected to UTVTR, the Voltage (Uo) >
Primary voltage cannot be set smaller than 1/v3 times Voltage (3U) >
Primary voltage.

Voltage magnitude correction can be made using settings Amplitude Corr A,
Amplitude Corr Band Amplitude Corr Cfor an external three-phase VT and
Amplitude Corr setting for an external residual VT.

Voltage angle correction can be made using settings Angle Corr A, Angle Corr B
and Angle Corr Cfor an external three-phase VT and Angle correction setting for an
external residual VT.

The VT connection can be set using VT connection. For three phase-to-earth voltage
measurements, VT connection can be set to "Wye", and for three phase-to-phase
voltage measurements, VT connection can be set to "Delta".

The MINCB_ OPEN input signal is connected through a relay binary input to the NC
auxiliary contact of the MCB protecting the VT secondary circuit. The MINCB OPEN
signal receives information about the MCB open state. When MINCB OPEN is active,
the outputs ALARM and WARNING are activated.

The MCB open state does not affect IEC 61850-9-2 sampled value quality
information.

The WARNING and URES_WARNING outputs in the receiver are activated if the
synchronization accuracy of the sender or the receiver is worse than 4 us. The
outputs remain on for 10 seconds after the synchronization accuracy returns within
limits.

ALARM and URES_ALARM in the receiver are activated if the synchronization accuracy
of the sender or the receiver is not within tolerances. The outputs remain on for

10 seconds after the synchronization accuracy returns within limits. If the effect

on protection is negligible, the WARNING, URES WARNING, ALARM or URES ALARM
outputs are not activated.

The SMV Max Delay setting defines how long the receiver waits for the SMV
frames before activating the ALARM and URES_ALARM outputs. This setting can be
accessed via Configuration > System. Waiting for the SMV frames delays the local
measurements of the receiver to keep them correctly time aligned. The SMV Max
Delayvalues include sampling, processing and network delay.
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Outputs WARNING and URES_WARNING are always internally active whenever outputs
ALARM and URES ALARM, respectively, are active.

The receiver activates the WARNING, URES WARNING, ALARM and URES ALARM
outputs if any of the quality bits, except for the derived bit, is activated. When the
receiver is in the test mode, it accepts SMV frames with test bit without activating
the WARNING, URES WARNING, ALARM and URES ALARM outputs.

Frequency adaptive measurements for three-phase voltages can be activated with
the setting Frequency adaptivity. Four selections are provided.

Table 127: Frequency adaptivity setting for three-phase voltage measurement

Setting value Description

Disable Frequency adaptive measurements are disabled for this
UTVTR. Measurements are fixed to nominal frequency de-
fined with Configuration > System > Rated frequency.

Enable Frequency adaptive measurements are enabled. In this case,
the estimated network frequency is defined by another pre-
processing block.

Main frequency source Frequency adaptive measurements are enabled and other
preprocessing blocks follow the network frequency defined
by this preprocessing block.

Backup frequency source Frequency adaptive measurements are enabled. If the main
frequency source cannot determine the network frequency,
the voltages of this preprocessing block determine the net-
work frequency.

All three phases must to be connected if the main or backup frequency
source is selected.

Frequency adaptive measurements for residual voltage can be activated with the
setting Frequency adaptivity. Two selections are provided.

Table 128: Frequency adaptivity setting for residual voltage measurement

Setting value Description

Disable Frequency adaptive measurements are disabled for this
UTVTR. Measurements are fixed to nominal frequency de-
fined with Configuration > System > Rated frequency.

Enable Frequency adaptive measurements are enabled. In this case,
the estimated network frequency is defined by another pre-
processing block.

UTVTR setting Frequency adaptivityis visible only if system setting
Configuration > System > Frequency adaptivity is set to "Enable".

3.17.3.4 Residual voltage scaling
Calculated Ugq is scaled to the same level as measured Ug. The scaling is determined
by the ratio of ULTVTR primary voltage and RESTVTR primary voltage within one
UTVTR instance. The assumption is open-delta Uy measurement type.
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Typical markings of an open-delta Ug transformer in a 20 kV network can be: 20kV/
sqrt(3) :100V/sqrt(3) :100V/3. In case of a solid earth fault, this transformer gives
100 V output which corresponds to 11.547 kV. If ULTVTR primary voltage is set to 20
kV and RESTVTR primary voltage is set to 11.547 kV when this transformer is used,
URES_CLC and URES_MEAS output equal amplitude.

(

UTVTR1 =]
Slot F (AIM).X1-1;2_VT1 £ o ULL ALARM
Slot F (AIM).X1-3;4_VT2 o UL2 WARNING:
Slot F (AIM).X1-5;6_VT3 o UL3 URES_ALAR
o MINCB_OPEN URES_WARNING

®

>

»

>
Slot F (AIM).X1-7;8_VT4 e URES U3pe————— &> UTVTR1[1]_U3P

URES_CLCe—— > UTVTR1[1]_URES_CLC
URES_MEASS——— &> UTVTR1[1]_URES_MEAS
URES_CLC_DRe

URES_MEAS_DRe

U1 DRe

U2_DRe

>

»

®

>

U3 DR
NPS_DR
PPS DR

FREQ DR

L 0:11]T:2,5]1:1 y,

Figure 91: UTVTRI configured with both measured and calculated U0

The VT connection mode must be "WYE".

In this case, ROVPTOV1 and ROVPTOV?2 in Figure 92 can both use the same Ug
reference level in their settings. URES CLC and URES_MEAS in Figure 91 are scaled to
the same level.

ROVPTOV1 =]
UTVTR1[1]_URES CLC =»———@ URES OPERATEe———> ROVPTOV1[1]_OPERATE
» BLOCK STARTe
\ 0:12[T:5]1:1 J
ROVPTOV2 n
UTVTR1[1]_URES_MEAS =——¢ URES OPERATES——————> ROVPTOV2[2]_OPERATE
» BLOCK STARTe
\ O:13[T:5]1:2 J

Figure 92: Two ROVPTOV instances, one using calculated U0 and the other
measured UO

3.17.3.5 Signals

UTVTR Input signals

Table 129: UTVTR Input signals

Name Type Default Description

UL1 SIGNAL - Analog input

uL2 SIGNAL - Analog input

uL3 SIGNAL - Analog input

URES SIGNAL - Residual voltage

MINCB_OPEN BOOLEAN O=False Active when external
MCB opens protected
voltage circuit

200 REX640
Technical Manual



1MRS759142 F

Basic functions

UTVTR Output signals

Table 130: UTVTR Output signals

Name Type Description
ALARM BOOLEAN Alarm
WARNING BOOLEAN Warning
URES_ALARM BOOLEAN Alarm
URES_WARNING BOOLEAN Warning
U3P SIGNAL Three-phase voltages
URES_CLC SIGNAL Residual voltage, calculated
URES_MEAS SIGNAL Residual voltage, measured
URES_CLC_DR SIGNAL Residual voltage, calculated,
for disturbance recorder
URES_MEAS_DR SIGNAL Residual voltage, measured,
for disturbance recorder
Ul DR SIGNAL Phase voltage U1 for disturb-
ance recorder
U2_DR SIGNAL Phase voltage U2 for disturb-
ance recorder
U3_DR SIGNAL Phase voltage U3 for disturb-
ance recorder
NPS_DR SIGNAL Negative sequence current
for disturbance recorder
PPS_DR SIGNAL Positive sequence current for
disturbance recorder
FREQ_DR SIGNAL Measured frequency for dis-
turbance recorder
3.17.3.6 UTVTR Settings
Table 131: UTVTR Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Voltage input type 1=Voltage trafo 1=Voltage trafo Type of the voltage
input
3=Voltage sensor
Primary voltage 0.100...800.000 kv 0.001 Primary rated
phase-to-phase
voltage
Secondary voltage | 57..416 \" 1 Secondary rated
phase-to-phase
voltage
Division ratio 1000...20000 1 Voltage sensor divi-
sion ratio
VT connection 1=Wye 2=Delta Voltage transducer
measurement con-
2=Delta nection
Amplitude Corr A 0.9000...1.1000 0.0001 Phase A Voltage
phasor magnitude

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
correction of an
external voltage
transformer

Amplitude Corr B 0.9000...1.1000 0.0001 1.0000 Phase B Voltage
phasor magnitude
correction of an
external voltage
transformer

Amplitude Corr C 0.9000...1.1000 0.0001 1.0000 Phase C Voltage
phasor magnitude
correction of an
external voltage
transformer

Angle Corr A -8.0000...8.0000 deg 0.0001 0.0000 Phase A Voltage
phasor angle cor-
rection of an exter-
nal voltage trans-
former

Angle Corr B -8.0000...8.0000 deg 0.0001 0.0000 Phase B Voltage
phasor angle cor-
rection of an exter-
nal voltage trans-
former

Angle Corr C -8.0000...8.0000 deg 0.0001 0.0000 Phase C Voltage
phasor angle cor-
rection of an exter-
nal voltage trans-
former

Table 132: UTVTR Non group settings (Advanced)

Parameter Values (Range) Unit Step Default Description

Frequency adaptivi-| g=pisable O=Disable Frequency adaptivi-

ty ty selection

1=Enable
2=Main frequency
source
3=Backup frequen-
cy source
Table 133: UTVTR Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description

Primary voltage 0.100...800.000 kv 0.001 11.547 Primary voltage

Secondary voltage | 57...240 Vv 1 100 Secondary voltage

Amplitude Corr 0.9000...1.1000 0.0001 1.0000 Amplitude correc-
tion

Angle correction -8.0000...8.0000 deg 0.0001 0.0000 Angle correction
factor

Table 134: UTVTR Non group settings (Advanced)

Parameter Values (Range) Unit Step Default Description

Frequency adaptivi-| g=pisable O=Disable Frequency adaptivi-

ty ty selection

1=Enable
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3.17.4

3.174.1

3.174.2

3.174.3

Residual current preprocessing, current measured as
voltage RESUTCTR

Identification

Function description IEC 61850 IEC 60617 ANSI/IEEE
identification identification identification

Residual current preprocessing, cur- | RESUTCTR lo(V) lo(U)
rent measured as voltage

Function block

RESUTCTR1 ﬂ

® URES IRES_MEAS®
IRES_MEAS_DRe

02 T25(1

Figure 93: Function block

Functionality

The preprocessing block RESUTCTR is used for setting up the residual current
measurement when the current is measured as voltage and the measured signal
is wired via VT channel.

Input channel for RESUTCTR can be physical hardware voltage channel only.

The output /RES_MEAS channel of the RESUTCTR can be connected to only
GSLPTOC which optionally can use this special way of current measurement.

The residual primary rated current can be set using Primary current setting.
The setting Secondary voltage defines the nominal voltage of the measuring
arrangement. This is used as a reference to scale the measurements accordingly.

Residual current magnitude correction of an external measuring arrangement can
be made using Amplitude Corr setting.

Residual current angle correction of an external measuring arrangement can be
made using Angle Correction setting.

Reverse polarity setting is used to reverse the polarity of residual CT.

Purpose of the outputs IRES MEAS and IRES MEAS DR are described in the
Outputs table.

Frequency adaptivity functionality is enabled by first enabling the main Frequency
adaptivity setting under System parameter settings (Configuration > System >
Frequency adaptivity), then by setting RESUTCTR Frequency adaptivity mode to
“Enable”.
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3.174.4 Signals
RESUTCTR Input signals
Table 135: RESUTCTR Input signals
Name Type Default Description
URES SIGNAL - Residual voltage
RESUTCTR Output signals
Table 136: RESUTCTR Output signals
Name Type Description
IRES_MEAS SIGNAL Residual current, measured
IRES_MEAS_DR SIGNAL Residual current, measured,
for disturbance recorder
3.17.4.5 RESUTCTR Settings
Table 137: RESUTCTR Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Primary current 1.0...15000.0 A 0.1 100.0 Primary current
Secondary voltage | 4...240 1 10 Secondary voltage
Amplitude Corr 0.9000...1.1000 0.0001 1.0000 Amplitude correc-
tion
Angle correction -8.0000...8.0000 deg 0.0001 0.0000 Angle correction
factor
Table 138: RESUTCTR Non group settings (Advanced)
Parameter Values (Range) Unit Step Default Description
Reverse polarity O=False O=False Reverse the polari-
ty of the residual
1=True measurement
Frequency adaptivi-| g=pjsable O=Disable Frequency adaptivi-
ty ty selection
1=Enable

3.18

GOOSE function blocks

GOOSE function blocks are used for connecting incoming GOOSE data to
application. They support BOOLEAN, Dbpos, Enum, FLOAT32, INT8 and INT32 data

types.

Common signals

The VALID output indicates the validity of received GOOSE data, which means in
case of valid, that the GOOSE communication is working and received data quality
bits (if configured) indicate good process data. Invalid status is caused either by

204
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bad data quality bits or GOOSE communication failure. See IEC 61850 engineering
guide for details.

The OUT output passes the received GOOSE value for the application. Default value
(0) is used if VALID output indicates invalid status. The IN input is defined in the
GOOSE configuration and can always be seen in SMT sheet.

Settings

The GOOSE function blocks do not have any parameters available in LHMI or
PCM600.
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3.18.1 Received GOOSE binary information GOOSERCV_BIN
3.18.1.1 Function block
GOOSERCV_BIN @ |
Figure 94: Function block
3.18.1.2 Functionality
The received GOOSE binary information function GOOSERCV_BIN is used to connect
the GOOSE binary inputs to the application.
3.18.1.3 Signals
Table 139: GOOSERCV_BIN Input signals
Name Type Default Description
IN BOOLEAN 0] Input signal
Table 140: GOOSERCV_BIN Output signals
Name Type Description
ouT BOOLEAN Output signal
VALID BOOLEAN Output signal
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3.18.2 Received GOOSE double binary information GOOSERCV_DP
3.18.2.1 Function block
GOOSERCV_DP _a_]
:n IN OUTe
-.LID-
Figure 95: Function block
3.18.2.2 Functionality
The received GOOSE double binary information function GOOSERCV_DP is used to
connect the GOOSE double binary inputs to the application.
3.18.2.3 Signals
Table 141: GOOSERCV_DP Input signals
Name Type Default Description
IN Dbpos 00 Input signal
Table 142: GOOSERCV_DP Output signals
Name Type Description
ouT Dbpos Output signal
VALID BOOLEAN Output signal
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3.18.3 Received GOOSE measured value information
GOOSERCV_MV
3.18.3.1 Function block
GOOSERCV_MV il
e N VC-LIT..
VALID®
Figure 96: Function block
3.18.3.2 Functionality
The received GOOSE measured value information function GOOSERCV_MV is used
to connect the GOOSE measured value inputs to the application.
3.18.3.3 Signals
Table 143: GOOSERCV_MYV Input signals
Name Type Default Description
IN FLOAT32 0 Input signal
Table 144: GOOSERCV_MYV Output signals
Name Type Description
ouT FLOAT32 Output signal
VALID BOOLEAN Output signal
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3.18.4 Received GOOSE 8-bit integer value information
GOOSERCV_INTS8
3.184.1 Function block
GOOSERCV_INT8 i]
e N OUTe
:"-lLID.l
Figure 97: Function block
3.18.4.2 Functionality
The received GOOSE 8-bit integer value information function GOOSERCV_INT8 is
used to connect the GOOSE 8-bit integer inputs to the application.
3.18.4.3 Signals
Table 145: GOOSERCV_INTS8 Input signals
Name Type Default Description
IN INT8 0] Input signal
Table 146: GOOSERCV_INT8 Output signals
Name Type Description
ouT INT8 Output signal
VALID BOOLEAN Output signal
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3.18.5 Received GOOSE 32-bit integer value information
GOOSERCV_INT32
3.18.5.1 Function block
| GOOSERCV.NT32 @
o IN OUTe
VALID®
Figure 98: Function block
3.18.5.2 Functionality
The received GOOSE 32-bit integer value information function GOOSERCV_INT32 is
used to connect GOOSE 32-bit integer inputs to the application.
3.18.5.3 Signals
Table 147: GOOSERCV_INT32 Input signals
Name Type Default Description
IN INT32 0] Input signal
Table 148: GOOSERCV_INT32 Output signals
Name Type Description
ouT INT32 Output signal
VALID BOOLEAN Output signal
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3.18.6 Received GOOSE interlocking information
GOOSERCV_INTL
3.18.6.1 Function block
GOOSERCV_INTL ﬂ
e N POS_OPe
POS_CL®
POS_OKe
V-’lLID:..
Figure 99: Function block
3.18.6.2 Functionality
The received GOOSE interlocking information function GOOSERCV_INTL is used to
connect the GOOSE double binary input to the application and extracting single
binary position signals from the double binary position signal.
The OP output signal indicates that the position is open. Default value (0) is used if
VALID output indicates invalid status.
The CL output signal indicates that the position is closed. Default value (0) is used if
VALID output indicates invalid status.
The OK output signal indicates that the position is neither in faulty or intermediate
state. The default value (0) is used if VALID output indicates invalid status.
3.18.6.3 Signals
Table 149: GOOSERCV_INTL Input signals
Name Type Default Description
IN Dbpos 0 Input signal
Table 150: GOOSERCV_INTL Output signals
Name Type Description
OoP BOOLEAN Position open output signal
CL BOOLEAN Position closed output signal
OK BOOLEAN Position OK output signal
VALID BOOLEAN Output signal
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3.18.7 Received GOOSE measured value (phasor) information
GOOSERCV_CMV
3.18.7.1 Function block
GOOSERCV_CMV EJ
o MAG_IN MAGe
® ANG_IN ANGe
VALID®
Figure 100: Function block
3.18.7.2 Functionality
The received GOOSE measured value (phasor) information function
GOOSERCV_CMV is used to connect GOOSE measured value inputs to the
application. The MAG_IN(amplitude) and ANG IN (angle) inputs are defined in the
GOOSE configuration (PCM600).
The MAG output passes the received GOOSE amplitude and ANG the received angle
value for the application.
3.18.7.3 Signals
Table 151: GOOSERCV_CMV Input signals
Name Type Default Description
MAG_IN FLOAT32 0 Input signal (ampli-
tude)
ANG_IN FLOAT32 0] Input signal (angle)
Table 152: GOOSERCV_CMYV Output signals
Name Type Description
MAG FLOAT32 Output signal (amplitude)
ANG FLOAT32 Output signal (angle)
VALID BOOLEAN Output signal
212 REX640

Technical Manual



1MRS759142 F

Basic functions

3.18.8 Received GOOSE enumerator value information
GOOSERCV_ENUM
3.18.8.1 Function block
GOOSERCV_ENUM i‘
o IN oUTe
M
Figure 101: Function block
3.18.8.2 Functionality
The received GOOSE enumerator value information function GOOSERCV_ENUM is
used to connect GOOSE enumerator inputs to the application.
3.18.8.3 Signals
Table 153: GOOSERCV_ENUM Input signals
Name Type Default Description
IN Enum 0] Input signal
Table 154: GOOSERCV_ENUM Output signals
Name Type Description
ouT Enum Output signal
VALID BOOLEAN Output signal
3.19 Type conversion function blocks
3.19.1 Good signal quality QTY_GOOD
3.19.1.1 Function block
QTY_GOOD _GJ
elN OUTe
Figure 102: Function block
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3.19.1.2

3.19.1.3

3.19.2

3.19.2.1

3.19.2.2

Functionality

The good signal quality function QTY_GOOD evaluates the quality bits of the input
signal and passes it as a Boolean signal for the application.

The IN input can be connected to any logic application signal (except preprocessing
block). Due to application logic quality bit propagation, each (simple and even
combined) signal has quality which can be evaluated.

The OUT output indicates quality good of the input signal. Input signals that have no
quality bits set or only test bit is set, will indicate quality good status.

Signals

Table 155: QTY_GOOD Input signals

Name Type Default Description

IN Any 0] Input signal

Table 156: QTY_GOOD Output signals

Name Type Description

ouT BOOLEAN Output signal

Bad signal quality QTY_BAD

Function block
QTY_BAD ﬂ

e IN OUTe

Figure 103: Function block

Functionality

The bad signal quality function QTY_BAD evaluates the quality bits of the input
signal and passes it as a Boolean signal for the application.

The IN input can be connected to any logic application signal (except preprocessing
block). Due to application logic quality bit propagation, each (simple and even
combined) signal has quality which can be evaluated.

The OUT output indicates quality bad of the input signal. Input signals that have any
other than test bit set, will indicate quality bad status.
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3.19.2.3 Signals
Table 157: QTY_BAD Input signals
Name Type Default Description
IN Any 0] Input signal
Table 158: QTY_BAD Output signals
Name Type Description
ouT BOOLEAN Output signal
3.19.3 Received GOOSE test mode QTY_GOOSE_TEST
3.19.3.1 Function block
QTY_GOOSE_TEST il
e N OUTe
0:0[T2,5]12
Figure 104: Function block
3.19.3.2 Functionality
The GOOSE test mode function QTY_GOOSE_TEST determines whether test mode
is used between two relays communicating over GOOSE. The conditions needed for
enabling the test mode differ in both editions 1 and 2 of the IEC 61850 standard. For
more information, see the IEC 61850 engineering guide.
The IN input can be connected to any GOOSE application logic output signal, for
example, GOOSERCV_BIN.
The OUT output indicates the test mode status of the GOOSE function block. When
the output is in the true (1) state, the GOOSE test mode is active. The value false (0)
indicates that the test mode is not in use.
3.19.3.3 Signals
Table 159: QTY_GOOSE_TEST Input signals
Name Type Default Description
IN Any 0] Input signal
Table 160: QTY_GOOSE_TEST Output signals
Name Type Description
ouT BOOLEAN Output signal
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3.194

3.194.1

3.194.2

3.194.3

3.19.5

3.19.5.1

GOOSE communication quality QTY_GOOSE_COMM

Function block
QTY_GOOSE_COMM i]

e N COMMVALID®

Figure 105: Function block

Functionality

The GOOSE communication quality function QTY_GOOSE_COMM evaluates the peer
device communication status from the quality bits of the input signal and passes it
as a Boolean signal to the application.

The INinput can be connected to any GOOSE application logic output signal, for
example, GOOSERCV_BIN.

The COMMVALID output indicates the communication status of the GOOSE function
block. When the output is in the true (1) state, the GOOSE communication is active.
The value false (0) indicates communication timeout.

Signals

Table 161: QTY_GOOSE_COMM Input signals

Name Type Default Description

IN Any 0 Input signal

Table 162: QTY_GOOSE_COMM Output signals

Name Type Description

COMMVALID BOOLEAN Output signal

GOOSE data health T_HEALTH

Function block
T_HEALTH ﬂ

e N OKe
WARNINGs
ALARMe

Figure 106: Function block
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3.19.5.2 Functionality
The GOOSE data health function T_HEALTH evaluates enumerated data of “Health”
data attribute. This function block can only be used with GOOSE.
The IN input can be connected to GOOSERCV_ENUM function block, which is
receiving the LDO.LLNO.Health.stVal data attribute sent by another device.
The outputs OK, WARNING and ALARM are extracted from the enumerated input value.
Only one of the outputs can be active at a time. In case the GOOSERCV_ENUM
function block does not receive the value from the sending device or it is invalid, the
default value (0) is used and the ALARM is activated in the T_HEALTH function block.
3.19.5.3 Signals
Table 163: T_HEALTH Input signals
Name Type Default Description
IN1 Any 0] Input signal
Table 164: T_HEALTH Output signals
Name Type Description
OK BOOLEAN Output signal
WARNING BOOLEAN Output signal
ALARM BOOLEAN Output signal
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3.19.6 Fault direction evaluation T_DIR
3.19.6.1 Function block
( T_DIR i]
e DR - FWDe
[ REVe
] :
Figure 107: Function block
3.19.6.2 Functionality
The fault direction evaluation function T_DIR evaluates enumerated data of the
FAULT_DIR and DIRECTION data attributes of the directional functions.
The outputs FWD and REV are extracted from the enumerated input value.
3.19.6.3 Signals
Table 165: T_DIR Input signals
Name Type Default Description
DIR Enum 0 Input signal
Table 166: T_DIR Output signals
Name Type Description
FWD BOOLEAN Direction forward
REV BOOLEAN Direction backward
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3.19.7 Fault direction evaluation T_DIR_FWD
3.19.7.1 Function block
T_DIR_FWD s
Figure 108: Function block
3.19.7.2 Functionality
The fault direction evaluation function T_DIR_FWD evaluates enumerated data of
the FAULT_DIR and DIRECTION data attributes of the directional functions.
The output FWD is extracted from the enumerated input value.
3.19.7.3 Signals
Table 167: T_DIR_FWD Input signals
Name Type Default Description
DIR Enum 0] Input signal
Table 168: T_DIR_FWD Output signals
Name Type Description
FWD BOOLEAN Direction forward
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3.19.8 Fault direction evaluation T_DIR_REV
3.19.8.1 Function block
T_DIR_REV d
Figure 109: Function block
3.19.8.2 Functionality
The fault direction evaluation function T_DIR_REV evaluates enumerated data of the
FAULT_DIR and DIRECTION data attributes of the directional functions.
The output REV is extracted from the enumerated input value.
3.19.8.3 Signals
Table 169: T_DIR_REV Input signals
Name Type Default Description
DIR Enum 0] Input signal
Table 170: T_DIR_REV Output signals
Name Type Description
REV BOOLEAN Direction backward
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3.19.9 Enumerator to boolean conversion T_TCMD
3.19.9.1 Function block
T_TCMD i]
o [N RAISEe
e
Figure 110: Function block
3.19.9.2 Functionality
The enumerator to boolean conversion function T_TCMD is used to convert
enumerated input signals to boolean output signals.
Table 171: Conversion from enumerated to Boolean
IN RAISE LOWER
0 FALSE FALSE
1 FALSE TRUE
2 TRUE FALSE
X FALSE FALSE
3.19.9.3 Signals
Table 172: T_TCMD input signals
Name Type Default Description
IN Enum 0 Input signal
Table 173: T_TCMD output signals
Name Type Description
RAISE BOOLEAN Raise command
LOWER BOOLEAN Lower command
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3.19.10 32-bit integer to binary command conversion T_TCMD_BIN

3.19.10.1 Function block

T_TCMD_BIN i’

® [N RAISE®
LOWERe

Figure 111: Function block

3.19.10.2 Functionality

The 32-bit integer to binary command conversion function T_TCMD_BIN is used to
convert 32 bit integer input signal to boolean output signals.

Table 174: Conversion from integer to Boolean

IN RAISE LOWER

0] FALSE FALSE

1 FALSE TRUE

2 TRUE FALSE

X FALSE FALSE

3.19.10.3 Signals

Table 175: T_TCMD_BIN input signals

Name Type Default Description
IN INT32 0 Input signal

Table 176: T_TCMD_BIN output signals

Name Type Description
RAISE BOOLEAN Raise command
LOWER BOOLEAN Lower command
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3.19.11 Binary command to 32-bit integer conversion T_BIN_TCMD
3.19.11.1 Function block
T_BIN_TCMD _a_l
@ RAISE OUTe
e LOWER
Figure 112: Function block
3.19.11.2 Functionality
The binary command to 32-bit integer conversion function T_BIN_TCMD is used to
convert boolean input signals to 32 bit integer output signals.
Table 177: Conversion from Boolean to integer
RAISE LOWER ouT
FALSE FALSE 0
FALSE TRUE
TRUE FALSE 2
3.19.11.3 Signals
Table 178: T_BIN_TCMD input signals
Name Type Default Description
RAISE BOOLEAN 0] Raise command
LOWER BOOLEAN 0] Lower command
Table 179: T_BIN_TCMD output signals
Name Type Description
ouT INT32 Output signal
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3.19.12 Integer 32-bit to real conversion T_I32_TO_R
3.19.12.1 Function block
Ti2T0R |
® INT32_IN REAL_OUTe
Figure 113: Function block
3.19.12.2 Functionality
The integer 32-bit to real conversion function T_I32_TO_R converts a 32-bit integer
to a real value. The output quality follows the input quality information.
If the integer value is greater than 2097151, then the real value is set
to 2097151 and the output quality is set as bad. If the integer value is
less than —2097152, then the real value is set to -2097152 and the output
quality is set as bad.
3.19.12.3 Signals
Table 180: T_I32_TO_R Input signals
Name Type Default Description
INT32_IN INT32 0] Integer input value
Table 181: T_I32_TO_R Output signals
Name Type Description
REAL_OUT FLOAT32 Real output value
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3.19.13 Real to integer 8-bit conversion T_R_TO_I8
3.19.13.1 Function block
) TR TOB 3]

® REAL_IN INT8_OUTe

Figure 114: Function block

3.19.13.2 Functionality

The real to integer 8-bit conversion function T_R_TO_I8 converts a real to an integer
8-bit value. The real value is floored to integer value. The output quality follows the
input quality information.

If the real value is 10.6, 10.5, 10.4, -10.6, -10.5, —-10.4, the integer value is
converted to 10, 10, 10, -11, -11, -11, respectively.

3.19.13.3 Signals
Table 182: T_R_TO_I8 Input signals
Name Type Default Description
REAL_IN FLOAT32 0] Real input value

Table 183: T_R_TO_I8 Output signals

Name Type Description

INT8_OUT INT8 Integer output value

REX640 225
Technical Manual



Basic functions 1MRS759142 F

3.19.14 Real to integer 32-bit conversion T_R_TO_I32
3.19.14.1 Function block

" T R_TO 132 _iJ

@ REAL_IN INT32_OUTe

Figure 115: Function block

3.19.14.2 Functionality

The real to integer 32-bit conversion function T_R_TO_I32 converts a real to an
integer 32-bit value. The real value is floored to integer value. The output quality
follows the input quality information.

If the real value is 10.6, 10.5, 10.4, -10.6, -10.5, —10.4, the integer value is
converted to 10, 10, 10, -11, -11, -11, respectively.

3.19.14.3 Signals
Table 184: T_R_TO_I32 Input signals
Name Type Default Description
REAL_IN FLOAT32 0 Real input value

Table 185: T_R_TO_I32 Output signals

Name Type Description

INT32_OUT INT32 Integer output value
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3.19.15 Integer 32-bit switch selector SWITCHI32
3.19.15.1 Function block
( SWITCHI32 i]

® INT3Z_IN1
® INT3Z_IN2

Figure 116: Function block

3.19.15.2 Functionality

The integer 32-bit switch selector function SWITCHI32 is operated by the CTL sw
input, which selects the output value INT32 OUT between the INT32 IN1 and
INT32 IN2 inputs.

Table 186: SWITCHI32

CTL_SW value INT_OUT value

FALSE (0) INT32_IN1

TRUE (1) INT32_IN2
3.19.15.3 Signals

Table 187: SWITCHI32 Input signals

Name Type Default Description
CTL_SW BOOLEAN 0 Control Switch
INT_IN1 INT32 0 Integer input value 1
INT_IN2 INT32 0 Integer input value 2

Table 188: SWITCHI32 Output signals

Name Type Description

INT_OUT INT32 Integer switch output
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3.19.16 Integer 32-bit to boolean conversion T_I32_TO_B16
3.19.16.1 Function block
i T132 70816 @l
o INTZZIN ouUT1e
et
OUT4e
OUT5e
QUTGe
QUT7e
oUTge
OUT9e
QUT10e
QUT11e
OUT12e
OUT13s
OuT14e
OUT15e
OUHG..
Figure 117: Function block
3.19.16.2 Functionality
The integer 32-bit to boolean conversion function T_I32_TO_B16 is used to
transform an integer input INT32 INinto a set of 16 binary (logical) signals OUT1...
OUT16. T_I32_TO_B16 is designed for receiving the integer input locally.
Conversion is done for the lowest 16 bits only. If INT32 1IN is higher than
65535 (216-1), the higher bits are ignored in conversion.
3.19.16.3 Signals
Table 189: T_I32_TO_B16 Input signals
Name Type Default Description
INT32_IN INT32 0] Integer input value
Table 190: T_I32_TO_B16 Output signals
Name Type Description
OUT1 BOOLEAN Boolean output value 1
ouT2 BOOLEAN Boolean output value 2
ouT3 BOOLEAN Boolean output value 3
ouT4 BOOLEAN Boolean output value 4
OouUT5 BOOLEAN Boolean output value 5
OouT6 BOOLEAN Boolean output value 6
ouT7 BOOLEAN Boolean output value 7
ouTs8 BOOLEAN Boolean output value 8
ouT9 BOOLEAN Boolean output value 9
Table continues on the next page
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Name Type Description

OUT10 BOOLEAN Boolean output value 10
OUT11 BOOLEAN Boolean output value 11
OuUT12 BOOLEAN Boolean output value 12
OUT13 BOOLEAN Boolean output value 13
OUT14 BOOLEAN Boolean output value 14
OUT15 BOOLEAN Boolean output value 15
OUT16 BOOLEAN Boolean output value 16

3.19.17 Boolean to integer 32-bit conversion T_B16_TO _I32
3.19.17.1 Function block
"~ 1_B16_TOI32 a|
o IN1 o INT32_OUTe
o IN2
e IN3
o IN4
@ N5
® ING
e IN7
o N8
® N9
® IN10
o IN11
@ IN12
e IN13
e IN14
® IN15
3_1N16
Figure 118: Function block
3.19.17.2 Functionality
The boolean to integer 32-bit conversion function T_B16_TO_I32 is used to
transform a set of 16 binary (logical) signals IN1...IN16 into an integer 32-bit
output INT32 OUT value.
3.19.17.3 Signals
Table 191: T_B16_TO_I32 Input signals
Name Type Default Description
IN1 BOOLEAN 0 (FALSE) Boolean input value 1
IN2 BOOLEAN 0 (FALSE) Boolean input value 2
IN3 BOOLEAN 0 (FALSE) Boolean input value 3
IN4 BOOLEAN 0 (FALSE) Boolean input value 4
IN5 BOOLEAN 0 (FALSE) Boolean input value 5
ING BOOLEAN 0 (FALSE) Boolean input value 6
IN7 BOOLEAN 0 (FALSE) Boolean input value 7
Table continues on the next page
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Name Type Default Description

IN8 BOOLEAN 0 (FALSE) Boolean input value 8

IN9 BOOLEAN 0 (FALSE) Boolean input value 9

IN10 BOOLEAN 0 (FALSE) Boolean input value
10

IN11 BOOLEAN 0 (FALSE) Boolean input value 11

IN12 BOOLEAN 0 (FALSE) Boolean input value
12

IN13 BOOLEAN 0 (FALSE) Boolean input value
13

IN14 BOOLEAN 0 (FALSE) Boolean input value
14

IN15 BOOLEAN 0 (FALSE) Boolean input value
15

IN16 BOOLEAN 0 (FALSE) Boolean input value
16

Table 192: T_B16_TO_I32 Output signals
Name Type Description
INT32_OUT INT32 Integer output value

3.19.18 Integer 8-bit to integer 32-bit conversion T_I8_TO_I32
3.19.18.1 Function block
T_I8_TO_I32 'a_]
+ INTB_IN INT32_OUTe
0:2|T:2,5(:0
Figure 119: Function block
3.19.18.2 Functionality
The integer 8-bit to integer 32-bit conversion function T_I8_TO_I32 converts a 8-bit
integer value to a 32-bit integer value. The output quality follows the input quality
information.
3.19.18.3 Signals
Table 193: T_I8_TO_I32 Input signals
Name Type Default Description
INT8_IN INT8 0] Integer input value
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3.20

Table 194: T_I8_TO_I32 Output signals

Name Type Description

INT32_OUT INT32 Integer output value

Configurable logic blocks

3.20.1 Minimum pulse timer
3.20.1.1 Minimum pulse timer, two channels TPGAPC (ANSI 62TP)
Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Minimum pulse timer, two channels | TPGAPC TP 62TP
Function block
TPGAPCA1 a
e N1 CUT1e
_. IN2 QUT2e
Figure 120: Function block
Functionality
The minimum pulse timer, two channels, function TPGAPC contains two
independent timers. The function has a settable pulse length (in milliseconds).
The timers are used for setting the minimum pulse length for example, the signal
outputs. Once the input is activated, the output is set for a specific duration using
the Pulse time setting. Both timers use the same setting parameter.
A B
IN#_|
OUTH#
to to + Pulse time 1 t1 + Pulse time T
Figure 121: A = Trip pulse is shorter than Pulse time setting, B = Trip pulse is longer
than Pulse time setting
REX640 231

Technical Manual



Basic functions

1MRS759142 F

Signals

Table 195: TPGAPC Input signals

Name Type Default Description
IN1 BOOLEAN O=False Input 1
IN2 BOOLEAN O=False Input 2

Table 196: TPGAPC Output signals

Name Type Description
OUT1 BOOLEAN Output 1 status
ouT2 BOOLEAN Output 2 status
Settings
Table 197: TPGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Pulse time 0...60000 ms 1 0] Minimum pulse time
3.20.1.2 Minimum pulse timer second resolution, two channels TPSGAPC
(ANSI 62TPS)
Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Minimum pulse timer second reso- | TPSGAPC TPS 62TPS
lution, two channels
Function block
|'/ TPSGAPC1 i]
o INt OUT1e
. IN2 OUT2e
&
Figure 122: Function block
Functionality
The minimum pulse timer second resolution, two channels, function TPSGAPC
contains two independent timers. The function has a settable pulse length (in
seconds). The timers are used for setting the minimum pulse length for example,
the signal outputs. Once the input is activated, the output is set for a specific
duration using the Pulse time setting. Both timers use the same setting parameter.
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IN#_|

OUT#

A

[

B

to to + Pulse time t1

t1 + Pulse time

t

Figure 123: A = Trip pulse is shorter than Pulse time setting, B = Trip pulse is longer
than Pulse time setting

S

ignals

Table 198: TPSGAPC Input signals

Name Type Default Description
IN1 BOOLEAN O=False Input 1
IN2 BOOLEAN O=False Input 2
Table 199: TPSGAPC Output signals
Name Type Description
OuUT1 BOOLEAN Output 1 status
ouT2 BOOLEAN Output 2 status
Settings
Table 200: TPSGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Pulse time 0...300 s 1 0 Minimum pulse time
REX640 233

Technical Manual




Basic functions

1MRS759142 F

3.20.1.3 Minimum pulse timer minutes resolution, two channels TPMGAPC

(ANSI 62TPM)
Identification

Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2

identification identification device number

Minimum pulse timer minutes reso- | TPMGAPC TPM 62TPM

lution, two channels
Function block

TPMGAPCT & |
o IN1 OUT1e
® N2 OUT2e
Figure 124: Function block
Functionality
The minimum pulse timer minutes resolution, two channels, function TPMGAPC
contains two independent timers. The function has a settable pulse length (in
minutes). The timers are used for setting the minimum pulse length for example,
the signal outputs. Once the input is activated, the output is set for a specific
duration using the Pulse time setting. Both timers use the same setting parameter.
A B
IN#_|
OUT#
to to + Pulse time t1 t1 + Pulse time T

Figure 125: A = Trip pulse is shorter than Pulse time setting, B = Trip pulse is longer
than Pulse time setting

Signals

Table 201: TPMGAPC Input signals

Name Type Default Description

IN1 BOOLEAN O=False Input 1

IN2 BOOLEAN O=False Input 2

Table 202: TPMGAPC Output signals

Name Type Description

OUT1 BOOLEAN Output 1 status

ouT2 BOOLEAN Output 2 status
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Settings
Table 203: TPMGAPC Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description
Pulse time 0...2880 min 1 0 Minimum
pulse time

Technical revision history

Table 204: TPMGAPC Technical revision history

Product connectivity | Technical revision Change
level
PCL2 E Changed the maximum pulse time from 5 h
to48h
3.20.2 Pulse timer, eight channels PTGAPC (ANSI 62PT)
3.20.2.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Pulse timer, eight channels PTGAPC PT 62PT
3.20.2.2 Function block
PTGAPCA1 £|
e IN1 Qe
e N2 Qe
® IN2 Qe
o [N -’.\d_-
® NS Qe
® NG e
o N7 QTe
® N8 Qe

Figure 126: Function block

3.20.2.3 Functionality

The pulse timer function PTGAPC contains eight independent timers. The function
has a settable pulse length. Once the input is activated, the output is set for a
specific duration using the Pu/se delay time setting.
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IN# _|_| L
Q# J | |

to to+dt t t1+dt t2 to+dt

t
dt = Pulse delay time

Figure 127: Timer operation

3.20.2.4 Signals

Table 205: PTGAPC Input signals

Name Type Default Description
IN1 BOOLEAN O=False Input 1 status
IN2 BOOLEAN O=False Input 2 status
IN3 BOOLEAN O=False Input 3 status
IN4 BOOLEAN O=False Input 4 status
IN5 BOOLEAN O=False Input 5 status
IN6 BOOLEAN O=False Input 6 status
IN7 BOOLEAN O=False Input 7 status
IN8 BOOLEAN O=False Input 8 status

Table 206: PTGAPC Output signals

Name Type Description
Q1 BOOLEAN Output 1 status
Q2 BOOLEAN Output 2 status
Q3 BOOLEAN Output 3 status
Q4 BOOLEAN Output 4 status
Q5 BOOLEAN Output 5 status
Q6 BOOLEAN Output 6 status
Q7 BOOLEAN Output 7 status
Q8 BOOLEAN Output 8 status
3.20.2.5 Settings
Table 207: PTGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Pulse time 1 0...3600000 ms 1 0 Pulse time
Pulse time 2 0...3600000 ms 1 0 Pulse time
Pulse time 3 0...3600000 ms 1 0 Pulse time
Pulse time 4 0...3600000 ms 1 0 Pulse time
Pulse time 5 0...3600000 ms 1 0 Pulse time
Pulse time 6 0...3600000 ms 1 0] Pulse time

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description

Pulse time 7 0...3600000 ms 1 0 Pulse time

Pulse time 8 0...3600000 ms 1 0 Pulse time
3.20.2.6 Monitored data

Table 208: PTGAPC Monitored data

Name Type Values (Range) Unit Description
T_LEFT1 FLOAT32 0...3600 S Time left 1
T_LEFT2 FLOAT32 0...3600 s Time left 2
T_LEFT3 FLOAT32 0...3600 S Time left 3
T_LEFT4 FLOAT32 0...3600 s Time left 4
T_LEFTS FLOAT32 0...3600 S Time left 5
T_LEFT6 FLOAT32 0...3600 s Time left 6
T_LEFT7 FLOAT32 0...3600 S Time left 7
T_LEFT8 FLOAT32 0...3600 s Time left 8
3.20.2.7 Technical data

Table 209: PTGAPC Technical data

Characteristic Value
Operate time accuracy +1.0% of the set value or +20 ms
3.20.2.8 Technical revision history

Table 210: PTGAPC Technical revision history

Product connectivity | Technical revision Change
level
PCL2 E Changed the Pulse time step to 1 ms
3.20.3 Daily timer DTMGAPC (ANSI DTM)
3.20.3.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Daily timer DTMGAPC DTM DTM
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3.20.3.2 Function block
DTMGAPC1 ﬂ
o BLOCK Qe
o FREEZE
Figure 128: Function block
3.20.3.3 Functionality
The daily timer function DTMGAPC is used to activate or deactivate its output at the
set time of the day. It is possible to set a different activation or deactivation time
separately for each day of the week.
3.20.3.4 Operation principle
The function can be enabled and disabled with the Operation setting. The
corresponding parameter values are "on" and "off".
The operation of DTMGAPC can be described with a module diagram. All the
modules in the diagram are explained in the next sections.
BLOCK i
nparatot L@ ]
comparator,
FREEZE
Figure 129: Functional module diagram
Time comparator
This module compares the current day and time with the activation hour and minute
defined with the settings xxx Act hourand xxx Act Mn, respectively. When the time
of the day reaches the set activation time, output Q is activated and remains active
for the duration defined by the setting xxx off delay.
The output remains active until the next day if the value for xxx off delay
is set so that it results into rollover of the day.
Different activation and deactivation times can be set for all days of the week. The
activation and deactivation can also be disabled for a specific day. For example, if
the activation or deactivation is not needed on Sundays, the setting Sunday Act
enable can be set as "False".
Activation of the BLOCK input deactivates the function output whereas the
activation of the FREEZE input freezes the output. The BLOCK input always has a
higher priority than the FREEZE input.
3.20.3.5 Application
DTMGAPC is useful in applications that require signal activation and deactivation
at a specific time of the day. Different activation times and duration can be set for
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different days of the week. For example, if the signal should be active on Mondays
between 7:15 and 16:00, the Monday Act enable setting should be "True", Monday
Act hour should be "7", Monday Act Mn should be "15", and Monday off delay should
be "525" minutes. The behavior of output Q is illustrated in Figure 130.

Q
N N A
| 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Monda
Set Monday Act hour = 07 hrs y
Set Monday Act Mn = 15 min
Set Monday off delay = 525 min
Figure 130: Example setting values for output @ activation
3.20.3.6 Signals
DTMGAPC Input signals
Table 211: DTMGAPC Input signals
Name Type Default Description
BLOCK BOOLEAN O=False Block signal for bina-
ry output
FREEZE BOOLEAN O=False Freeze signal for bina-
ry output
DTMGAPC Output signals
Table 212: DTMGAPC Output signals
Name Type Description
Q BOOLEAN Output status
3.20.3.7 DTMGAPC Settings
Table 213: DTMGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Operation 1=on 1=on Operation Off / On
5=off
Monday Act enable | g=f3|se false Activation / deacti-
vation need on
1=True Monday
Monday Act hour 0..23 h 8 Activation hour
time for Monday

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description

Monday Act Mn 0...59 min 0 Activation minute
time for Monday

Monday off delay 1..1440 min 1 60 Activation duration
for Monday

Tuesday Act enable | o=f|se false Activation / deacti-
vation need on

1=True Tuesday
Tuesday Act hour 0..23 h 8 Activation hour

time for Tuesday

Tuesday Act Mn 0...59 min 0 Activation minute
time for Tuesday
Tuesday off delay 1..1440 min 1 60 Activation duration
for Tuesday
Wednesday Act en- | g=fzlse false Activation / deacti-
able vation need on
1=True Wednesday
Wednesday Act 0..23 h 8 Activation hour
hour time for Wednes-
day
Wednesday Act Mn | 0...59 min 0 Activation minute
time for Wednes-
day
Wednesday off de- | 1...1440 min 1 60 Activation duration
lay for Wednesday
Thursday Actena- | g=Fa|se false Activation / deacti-
ble vation need on
1=True Thursday
Thursday Act hour | 0...23 h 8 Activation hour

time for Thursday

Thursday Act Mn 0...59 min 0 Activation minute
time for Thursday

Thursday off delay |1...1440 min 1 60 Activation duration
for Thursday

Friday Act enable O=False false Activation / deacti-
vation need on Fri-

1=True day
Friday Act hour 0..23 h 8 Activation hour

time for Friday

Friday Act Mn 0...59 min 0 Activation minute
time for Friday

Friday off delay 1..1440 min 1 60 Activation duration
for Friday

Saturday Act ena- O=False false Activation / deacti-

ble vation need on Sat-

1=True urday
Saturday Act hour |0...23 h 8 Activation hour

time for Saturday

Saturday Act Mn 0...59 min 0 Activation minute
time for Saturday
Saturday off delay |1..1440 min 1 60 Activation duration
for Saturday
Sunday Act enable | g=fajse false Activation / deacti-
vation need on Sun-
1=True day
Sunday Act hour 0..23 h 8 Activation hour
time for Sunday
Sunday Act Mn 0...59 min 0 Activation minute
time for Sunday
Sunday off delay 1..1440 min 1 60 Activation duration
for Sunday
3.20.3.8 DTMGAPC Monitored data
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Table 214: DTMGAPC Monitored data

Name Type Values (Range) Unit Description
DTMGAPC Enum 1=on Status
2=blocked
3=test
4=test/blocked
5=off
3.20.4 Calendar function CALGAPC (ANSI CAL)
3.204.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Calendar function CALGAPC CAL CAL
3.20.4.2 Function block
cALGAPCT @
¢ BLOCK Qe
e FREEZE
Figure 131: Function block
3.20.4.3 Functionality
The calendar function CALGAPC is used to activate a function output at a set
activation date of the calendar year. The output remains activated till the set
deactivation date of the calendar year.
3.20.4.4 Operation principle
The function can be enabled and disabled with the Operation setting. The
corresponding parameter values are "on" and "off".
The operation of CALGAPC can be described with a module diagram.
BLOCK
paretor 1@ ]
comparator
FREEZE
Figure 132: Functional module diagram
Date comparator
This module compares the current date (excluding the calendar year) with the set
activation and deactivation date and month settings. If the system date and month
REX640 241

Technical Manual



Basic functions 1MRS759142 F

are the same or greater than Activation day and Activation month settings, output
Qis activated and remains active till the date reaches the set Deactivation dayand
Deactivation month settings.

Activation of the BLOCK input deactivates the function output whereas the
activation of the FREEZE input freezes the output. The BLOCK input always has a
higher priority than the FREEZE input.

The module automatically handles the leap day and different month lengths.

« The function output remains active during the leap day if the leap day falls within
the set activation period.

- If the set Activation dayis not a valid date (for example, 31st April), then the
output does not activate.

- If the set Deactivation dayis not a valid date (for example, 31st April), then the
last date of the month is considered.

Q
| |
+ + + } + + + + + + + + + + + + + + } + + + + + + + + + |
5112 712 10/12 15/12 20012 22/12 25/12 31/12
Set Activation day = 07, Activation month = December
Set Deactivation day = 22, Deactivation month = December
Q

20/112 22/12 25/12 31/12 5/1 7/11 10/1 15/1

[
-

Set Activation day = 22, Activation month = December
Set Deactivation day = 07, Deactivation month = January

Figure 133: Examples of how output @ is activated for different settings

3.20.4.5 Application
The function activates an output for a specific set duration of the calendar year.

Consider an application where the output of the daily timer function DTMGAPC
needs to be activated only for specific days of the calendar year. The output of
CALGAPC can be connected to the BLOCK input of DTMGAPC (using NOT gate) so
that DTMGAPC activates only for the duration defined by CALGAPC.

CALGAPC1 =] NOT o DTMGAPC1 -

® BLOCK Q IN ouT BLOCK Qe
» FREEZE » FREEZE

.

Figure 134: Example of Calendar function usage

3.20.4.6 Signals
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CALGAPC Input signals

Table 215: CALGAPC Input signals

Name

Type

Default

Description

BLOCK

BOOLEAN

O=False

Block signal for bina-
ry output

FREEZE

BOOLEAN

O=False

Freeze signal for bina-
ry output

CALGAPC Output signals

Table 216: CALGAPC Output signals

Name

Type

Description

Q

BOOLEAN

Output status

3.20.4.7

CALGAPC Settings

Table 217: CALGAPC Non group settings (Basic)

Parameter Values (Range)

Unit

Step

Default

Description

Operation 1=on

5=off

1=on

Operation Off / On

Activation day 1..31

1

Activation day

Activation month 1=January

2=February
3=March
4=April
5=May
6=June
7=uly
8=August
9=September
10=October
11=November
12=December

1=January

Activation month

Deactivation day 1..31

31

Deactivation day

Deactivation month 1=January

2=February
3=March
4=April
5=May
6=June
7=July
8=August
9=September
10=October
11=November

1=January

Deactivation month
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Parameter Values (Range) Unit Step Default Description

12=December

3.20.4.8 CALGAPC Monitored data

Table 218: CALGAPC Monitored data

Name Type Values (Range) Unit Description
CALGAPC Enum 1=on Status
2=blocked
3=test
4=test/blocked
5=off
3.20.5 Time delay off, eight channels TOFGAPC (ANSI 62TOF)
3.20.5.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Time delay off, eight channels TOFGAPC TOF 62TOF
3.20.5.2 Function block
TOFGAPC1 i]
o N1 Qe
® N2 Qe
e IN3 Qe
® N4 e
® IN5 Q5
® [N QEe
® INT Ol e
e IN8 Qe

Figure 135: Function block

3.20.5.3 Functionality

The time delay off, eight channels, function TOFGAPC can be used, for example,

for a drop-off-delayed output related to the input signal. The function contains
eight independent timers. There is a settable delay in the timer. Once the input is
activated, the output is set immediately. When the input is cleared, the output stays
on until the time set with the Off delay time setting has elapsed.
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IN#

"y

il

to t1 t1+dt 2 t3 t4 ts ts+dt

dt = Off delay time

Figure 136: Timer operation

3.20.5.4 Signals

Table 219: TOFGAPC Input signals

Name Type Default Description
IN1 BOOLEAN O=False Input 1 status
IN2 BOOLEAN O=False Input 2 status
IN3 BOOLEAN O=False Input 3 status
IN4 BOOLEAN O=False Input 4 status
IN5 BOOLEAN O=False Input 5 status
IN6 BOOLEAN O=False Input 6 status
IN7 BOOLEAN O=False Input 7 status
IN8 BOOLEAN O=False Input 8 status

Table 220: TOFGAPC Output signals

Name Type Description
Q1 BOOLEAN Output 1 status
Q2 BOOLEAN Output 2 status
Q3 BOOLEAN Output 3 status
Q4 BOOLEAN Output 4 status
Q5 BOOLEAN Output 5 status
Q6 BOOLEAN Output 6 status
Q7 BOOLEAN Output 7 status
Q8 BOOLEAN Output 8 status
3.20.5.5 Settings
Table 221: TOFGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Off delay time 1 0...3600000 ms 1 0 Off delay time
Off delay time 2 0...3600000 ms 1 0 Off delay time
Off delay time 3 0...3600000 ms 1 0] Off delay time
Off delay time 4 0...3600000 ms 1 0] Off delay time
Off delay time 5 0...3600000 ms 1 0] Off delay time

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description

Off delay time 6 0...3600000 ms 1 0] Off delay time
Off delay time 7 0...3600000 ms 1 0 Off delay time
Off delay time 8 0...3600000 ms 1 0 Off delay time

3.20.5.6 Monitored data
Table 222: TOFGAPC Monitored data
Name Type Values (Range) | Unit Description
T_LEFT1 FLOAT32 0...3600 S Time left 1
T_LEFT2 FLOAT32 0...3600 s Time left 2
T_LEFT3 FLOAT32 0...3600 S Time left 3
T_LEFT4 FLOAT32 0...3600 S Time left 4
T_LEFTS FLOAT32 0...3600 S Time left 5
T_LEFT6 FLOAT32 0...3600 s Time left 6
T_LEFT7 FLOAT32 0...3600 S Time left 7
T_LEFTS8 FLOAT32 0...3600 S Time left 8
3.20.5.7 Technical data
Table 223: TOFGAPC Technical data
Characteristic Value
Operate time accuracy +1.0% of the set value or +20 ms
3.20.5.8 Technical revision history
Table 224: TOFGAPC Technical revision history
Product connectivity | Technical revision Change
level
PCL2 D Changed the Off delay time step to 1 ms
3.20.6 Time delay on, eight channels TONGAPC (ANSI 62TON)
3.20.6.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Time delay on, eight channels TONGAPC TON 62TON
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3.20.6.2 Function block

TONGAPCA _EJ
e N1 Qe
e N2 2e
e IN3 Qe
o [N KLe
e INS G5e
e ING e
o INT Q7e

» INB Gte

Figure 137: Function block

3.20.6.3 Functionality

The time delay on, eight channels, function TONGAPC can be used, for example,

for time-delaying the output related to the input signal. TONGAPC contains eight
independent timers. The timer has a settable time delay. Once the input is activated,
the output is set after the time set by the On del/ay time setting has elapsed.

INg _ [ ]| || |

Q#

-
i 1 Ll
to to+dt t1 t2 t3 t4 ta+dt ts

dt = On delay time

Figure 138: Timer operation

3.20.6.4 Signals

Table 225: TONGAPC Input signals

Name Type Default Description
IN1 BOOLEAN O=False Input 1
IN2 BOOLEAN O=False Input 2
IN3 BOOLEAN O=False Input 3
IN4 BOOLEAN O=False Input 4
IN5 BOOLEAN O=False Input 5
ING BOOLEAN O=False Input 6
IN7 BOOLEAN O=False Input 7
IN8 BOOLEAN O=False Input 8

Table 226: TONGAPC Output signals

Name Type Description
Q1 BOOLEAN Output 1
Q2 BOOLEAN Output 2

Table continues on the next page
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Name Type Description
Q3 BOOLEAN Output 3
Q4 BOOLEAN Output 4
Q5 BOOLEAN Output 5
Q6 BOOLEAN Output 6
Q7 BOOLEAN Output 7
Q8 BOOLEAN Output 8
3.20.6.5 Settings
Table 227: TONGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
On delay time 1 0...3600000 ms 1 0 On delay time
On delay time 2 0...3600000 ms 1 (0] On delay time
On delay time 3 0...3600000 ms 1 0] On delay time
On delay time 4 0...3600000 ms 1 0 On delay time
On delay time 5 0...3600000 ms 1 0 On delay time
On delay time 6 0...3600000 ms 1 0 On delay time
On delay time 7 0...3600000 ms 1 0 On delay time
On delay time 8 0...3600000 ms 1 0 On delay time
3.20.6.6 Monitored data
Table 228: TONGAPC Monitored data
Name Type Values (Range) | Unit Description
T_LEFT1 FLOAT32 0...3600 s Time left 1
T_LEFT2 FLOAT32 0...3600 s Time left 2
T_LEFT3 FLOAT32 0...3600 s Time left 3
T_LEFT4 FLOAT32 0...3600 S Time left 4
T_LEFTS FLOAT32 0...3600 s Time left 5
T_LEFT6 FLOAT32 0...3600 s Time left 6
T_LEFT7 FLOAT32 0...3600 S Time left 7
T_LEFTS8 FLOAT32 0...3600 S Time left 8
3.20.6.7 Technical data
Table 229: TONGAPC Technical data
Characteristic Value
Operate time accuracy *+1.0% of the set value or +20 ms
248 REX640

Technical Manual



1MRS759142 F

Basic functions

3.20.6.8 Technical revision history
Table 230: TONGAPC Technical revision history
Product connectivity | Technical revision Change
level
PCL2 D Changed the On delay time step to 1 ms
3.20.7 SR flip-flop, eight channels, nonvolatile SRGAPC (ANSI SR)
3.20.7.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
SR flip-flop, eight channels, nonvo- | SRGAPC SR SR
latile
3.20.7.2 Function block
SRGAPC1 al
LR 2
s Rz o
e 33 Q5 e
e R3 e
[ 7.
e R4 Qe
pE
o s
® 57
e RT
® 58
e R8
Figure 139: Function block
3.20.7.3 Functionality
The SR flip-flop, eight channels, nonvolatile function SRGAPC is a simple SR flip-flop
with a memory that can be set or that can reset an output from the s# or R# inputs,
respectively. The function contains eight independent set-reset flip-flop latches
where the SET input has the higher priority over the RESET input. The status of
each 0# output is retained in the nonvolatile memory. The individual reset for each
Q# output is available on the LHMI or through tool via communication.
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Table 231: Truth table for SRGAPC

S# R# Q#

(0] (0] ot

(0] 1 0

1 (0]

1 1 1

3.20.7.4 Signals
Table 232: SRGAPC Input signals

Name Type Default Description

S1 BOOLEAN O=False Set Q1 output when
set

R1 BOOLEAN O=False Resets Q1 output
when set

S2 BOOLEAN O=False Set Q2 output when
set

R2 BOOLEAN O=False Resets Q2 output
when set

S3 BOOLEAN O=False Set Q3 output when
set

R3 BOOLEAN O=False Resets Q3 output
when set

S4 BOOLEAN O=False Set Q4 output when
set

R4 BOOLEAN O=False Resets Q4 output
when set

S5 BOOLEAN O=False Set Q5 output when
set

R5 BOOLEAN O=False Resets Q5 output
when set

S6 BOOLEAN O=False Set Q6 output when
set

R6 BOOLEAN O=False Resets Q6 output
when set

S7 BOOLEAN O=False Set Q7 output when
set

R7 BOOLEAN O=False Resets Q7 output
when set

S8 BOOLEAN O=False Set Q8 output when
set

R8 BOOLEAN O=False Resets Q8 output
when set

1 Keep state/no change
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Table 233: SRGAPC Output signals

Name Type Description
Q1 BOOLEAN Q1 status
Q2 BOOLEAN Q2 status
Q3 BOOLEAN Q3 status
Q4 BOOLEAN Q4 status
Q5 BOOLEAN Q5 status
Q6 BOOLEAN Q6 status
Q7 BOOLEAN Q7 status
Q8 BOOLEAN Q8 status
3.20.7.5 Settings
Table 234: SRGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Reset Q1 0=Cancel 0=Cancel Resets Q1 output
when set
1=Reset
Reset Q2 0=Cancel 0=Cancel Resets Q2 output
when set
1=Reset
Reset Q3 0=Cancel 0=Cancel Resets Q3 output
when set
1=Reset
Reset Q4 0=Cancel 0=Cancel Resets Q4 output
when set
1=Reset
Reset Q5 0=Cancel 0=Cancel Resets Q5 output
when set
1=Reset
Reset Q6 0=Cancel 0=Cancel Resets Q6 output
when set
1=Reset
Reset Q7 0=Cancel 0=Cancel Resets Q7 output
when set
1=Reset
Reset Q8 0=Cancel 0=Cancel Resets Q8 output
when set
1=Reset
3.20.8 Boolean value event creation MVGAPC (ANSI MV)
3.20.8.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Boolean value event creation MVGAPC MV MV
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3.20.8.2 Function block
MVGAPC1 i‘
o IN1 Qle
e N2 Qe
w IN3 Qe
® [NE e
e (NS Qe
e NG e
e INT Qi e
® IN8 ate
Figure 140: Function block
3.20.8.3 Functionality
The boolean value event creation function MVGAPC is used for user logic bits. Each
input state is directly copied to the output state. This allows the creating of events
from advanced logic combinations.
3.20.8.4 Signals
Table 235: MVGAPC Input signals
Name Type Default Description
IN1 BOOLEAN O=False IN1 status
IN2 BOOLEAN O=False IN2 status
IN3 BOOLEAN O=False IN3 status
IN4 BOOLEAN O=False IN4 status
IN5 BOOLEAN O=False IN5 status
IN6 BOOLEAN O=False ING status
IN7 BOOLEAN O=False IN7 status
IN8 BOOLEAN O=False IN8 status
Table 236: MVGAPC Output signals
Name Type Description
Q1 BOOLEAN Q1 status
Q2 BOOLEAN Q2 status
Q3 BOOLEAN Q3 status
Q4 BOOLEAN Q4 status
Q5 BOOLEAN Q5 status
Q6 BOOLEAN Q6 status
Q7 BOOLEAN Q7 status
Q8 BOOLEAN Q8 status
3.20.8.5 Settings
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Table 237: MVGAPC Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description
Description MVGAPC1 Q1 Output description
Description MVGAPC1 Q2 Output description
Description MVGAPC1 Q3 Output description
Description MVGAPC1 Q4 Output description
Description MVGAPC1 Q5 Output description
Description MVGAPC1 Q6 Output description
Description MVGAPC1 Q7 Output description
Description MVGAPC1 Q8 Output description
3.20.9 Integer value event creation MVI4GAPC (ANSI MVI4)
3.20.9.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Integer value event creation MVI4GAPC MVI4 MVI4
3.20.9.2 Function block
MVI4GAPC1 i]
o IN1 oUT1e
o N2 OUT2e
e N3 OUT3e
o N4 OUT4e
Figure 141: Function block
3.20.9.3 Functionality
The integer value event creation function MVI4GAPC is used for creation of the
events from the integer values. The integer input value is received via IN1.. .4
input. The integer output value is available on OUT1. . . 4 output.
The integer input range is from —-2147483648 to 2147483647.
3.20.9.4 Signals
Table 238: MVI4GAPC Input signals
Name Type Default Description
IN1 INT32 0] Integer input value 1
IN2 INT32 0 Integer input value 2
IN3 INT32 0] Integer input value 3
IN4 INT32 0] Integer input value 4
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Table 239: MVI4GAPC Output signals

Name Type Description

OuUT1 INT32 Integer output value 1
ouT2 INT32 Integer output value 2
OuT3 INT32 Integer output value 3
ouT4 INT32 Integer output value 4

3.20.10 Analog value event creation with scaling SCA4GAPC (ANSI
SCA4)
3.20.10.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Analog value event creation with SCA4GAPC SCA4 SCA4
scaling
3.20.10.2 Function block
SCA4GAPC1 i‘
-Io ANM_VALUE AQ1_VALUEe
e Al2_VALUE AQ2_VALUEe
» AI3_VALUE AOQ3_VALUEe
e Ald_VALUE AD4_VALUEe
Figure 142: Function block
3.20.10.3 Functionality
The analog value event creation with scaling function SCA4GAPC is used for scaling
the analog value. It allows creating events from analog values.
The analog value received via the AIn VALUE input is scaled with the Scale ratio n
setting. The scaled value is available on the 20n VALUE output.
Analog input range is from -10000.0 to 10000.0.
Analog output range is from —2000000.0 to 2000000.0.
If the value of the AIn VALUE input exceeds the analog input range,
AOn_VALUE is set to 0.0.
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If the result of ATIn VALUE multiplied by the Scale ratio n setting exceeds
the analog output range, A0n_VALUE shows the minimum or maximum
value, according to analog value range.

3.20.10.4 Signals

Table 240: SCA4GAPC Input signals

Name Type Default Description

Al1l_VALUE FLOAT32 0.0 Analog input value of
channel 1

Al2_VALUE FLOAT32 0.0 Analog input value of
channel 2

AlI3_VALUE FLOAT32 0.0 Analog input value of
channel 3

Al4_VALUE FLOAT32 0.0 Analog input value of
channel 4

Table 241: SCA4GAPC Output signals

Name Type Description
AO1_VALUE FLOAT32 Analog value 1 after scaling
AO2_VALUE FLOAT32 Analog value 2 after scaling
AO3_VALUE FLOAT32 Analog value 3 after scaling
AO4_VALUE FLOAT32 Analog value 4 after scaling
3.20.10.5 Settings
Table 242: SCA4GAPC settings
Parameter Values (Range) Unit Step Default Description
Scale ratio 1 0.001...1000.000 0.001 1.000 Scale ratio for analog value 1
Scale ratio 2 0.001...1000.000 0.001 1.000 Scale ratio for analog value 2
Scale ratio 3 0.001...1000.000 0.001 1.000 Scale ratio for analog value 3
Scale ratio 4 0.001...1000.000 0.001 1.000 Scale ratio for analog value 4
3.20.11 16 settable real values SETRGAPC
3.20.11.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
16 settable real values SETRGAPC SETRGAPC SETRGAPC
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3.20.11.2 Function block

SETRGAPC1 2]

AQ1_VALUE®
AO? VALUE®
AO3_VALUE®
AO4_VALUE e
AOS5 VALUE®
AOB_VALUE &
AOT VALUE®
ACB_VALUE &
AQ9_VALUEe
AO10_VALUE®
AO11_VALUE®
AO12_VALUE®
AO13 VALUE &
ADM VALUES
AO15_VALUE
AO16_VALUE &

Figure 143: Function block

3.20.11.3 Functionality

The value of function outputs A01 VALUE...A016 VALUE can be set with settings Set
value 1...Set value 16.

3.20.11.4 Signals
Table 243: SETRGAPC Output signals
Name Type Description
AO1_VALUE FLOAT32 Analog value 1
AO2_VALUE FLOAT32 Analog value 2
AO3_VALUE FLOAT32 Analog value 3
AO4_VALUE FLOAT32 Analog value 4
AO5_VALUE FLOAT32 Analog value 5
AO6_VALUE FLOAT32 Analog value 6
AO7_VALUE FLOAT32 Analog value 7
AO8_VALUE FLOAT32 Analog value 8
AO9_VALUE FLOAT32 Analog value 9
AO10_VALUE FLOAT32 Analog value 10
AO11_VALUE FLOAT32 Analog value 11
AO12_VALUE FLOAT32 Analog value 12
AO13_VALUE FLOAT32 Analog value 13
AO14_VALUE FLOAT32 Analog value 14
AO15_VALUE FLOAT32 Analog value 15
AO16_VALUE FLOAT32 Analog value 16

3.20.11.5 Settings
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Table 244: SETRGAPC Non-group settings (Basic)

IEC name Values (Range) Unit Step Default Description
Setvalue 1 -2000000.000...200 0.001 0 Set value for analog value 1
0000.000
Set value 2 —-2000000.000...200 0.001 0] Set value for analog value 2
0000.000
Set value 3 -2000000.000...200 0.001 0 Set value for analog value 3
0000.000
Set value 4 -2000000.000...200 0.001 0] Set value for analog value 4
0000.000
Set value 5 —-2000000.000...200 0.001 0] Set value for analog value 5
0000.000
Set value 6 -2000000.000...200 0.001 0] Set value for analog value 6
0000.000
Set value 7 —2000000.000...200 0.001 0 Set value for analog value 7
0000.000
Set value 8 -2000000.000...200 0.001 0 Set value for analog value 8
0000.000
Set value 9 -2000000.000...200 0.001 0 Set value for analog value 9
0000.000
Set value 10 -2000000.000...200 0.001 0 Set value for analog value 10
0000.000
Set value 11 -2000000.000...200 0.001 0 Set value for analog value 11
0000.000
Set value 12 —-2000000.000...200 0.001 0] Set value for analog value 12
0000.000
Set value 13 -2000000.000...200 0.001 0 Set value for analog value 13
0000.000
Set value 14 —-2000000.000...200 0.001 0 Set value for analog value 14
0000.000
Set value 15 -2000000.000...200 0.001 0] Set value for analog value 15
0000.000
Set value 16 -2000000.000...200 0.001 0 Set value for analog value 16
0000.000
3.20.12 16 settable 32-bit integer values SETI32GAPC
3.20.12.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
16 settable 32-bit integer values SETI32GAPC SETI32GAPC SETI32GAPC
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3.20.12.2 Function block

SETI32GAPCA ﬂ
I01_VALUE®
I02_VALUE®
I03_VALUE®
I04_VALUE®
105_VALUE®
I05_VALUE e
I07_VALUE®
I08_VALUE®
I08_VALUE®
I010_VALUE®
1011_VALUEe
I012_VALUE®
I013_VALUE®
1014_VALUE®
I015_VALUE®
ID1£_W«LUE:.

Figure 144: Function block

3.20.12.3 Functionality

The value of function outputs T01 VALUE...IO16_ VALUE can be set with settings Set
value 1...Set value 16.

3.20.12.4 Signals
Table 245: SETI32GAPC Output signals

Name Type Description
101_VALUE INT32 Integer value 1
102_VALUE INT32 Integer value 2
103_VALUE INT32 Integer value 3
104_VALUE INT32 Integer value 4
105_VALUE INT32 Integer value 5
106_VALUE INT32 Integer value 6
107_VALUE INT32 Integer value 7
108_VALUE INT32 Integer value 8
109_VALUE INT32 Integer value 9
1010_VALUE INT32 Integer value 10
1011_VALUE INT32 Integer value 11
1012_VALUE INT32 Integer value 12
1013_VALUE INT32 Integer value 13
1014_VALUE INT32 Integer value 14
1015_VALU INT32 Integer value 15
1016_VALUE INT32 Integer value 16

3.20.12.5 Settings
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Table 246: SETI32GAPC Non-group settings (Basic)

IEC name Values (Range) Unit Step Default Description
Setvalue 1 -2147483648...2147 1 0 Set value for integer value 1
483647
Set value 2 -2147483648...2147 1 0] Set value for integer value 2
483647
Set value 3 —-2147483648...2147 1 0 Set value for integer value 3
483647
Set value 4 —2147483648...2147 1 0 Set value for integer value 4
483647
Set value 5 -2147483648...2147 1 0] Set value for integer value 5
483647
Set value 6 -2147483648...2147 1 0] Set value for integer value 6
483647
Set value 7 -2147483648...2147 1 0 Set value for integer value 7
483647
Set value 8 -2147483648...2147 1 0 Set value for integer value 8
483647
Set value 9 -2147483648...2147 1 0 Set value for integer value 9
483647
Set value 10 —2147483648...2147 1 (0] Set value for integer value 10
483647
Set value 11 —2147483648...2147 1 0 Set value for integer value 11
483647
Set value 12 -2147483648...2147 1 0] Set value for integer value 12
483647
Set value 13 -2147483648...2147 1 0 Set value for integer value 13
483647
Set value 14 -2147483648...2147 1 0] Set value for integer value 14
483647
Set value 15 —-2147483648...2147 1 0 Set value for integer value 15
483647
Set value 16 —2147483648...2147 1 0 Set value for integer value 16
483647
3.20.13 Generic control points SPCGAPC (ANSI SPCG)
3.20.13.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Generic control points SPCGAPC SPC SPCG
REX640 259

Technical Manual



Basic functions

1MRS759142 F

3.20.13.2 Function block
SPCGAPCA1 ﬂ
® BLOCK Ne
e N1 02e
® N2 O3 e
o N3 e
o N& O5e
o NS O5e
® NG Ol e
® INT O3 e
® N2 O%e
e NS 010e
» [N10 0110
o N2 0138
e IN13 Olde
e |N14 O15e
e IN15 O16e
» [N16
Figure 145: Function block
3.20.13.3 Functionality
The generic control points function SPCGAPC contains 16 independent control
points. SPCGAPC offers the capability to activate its outputs through a local or
remote control. The local control request can be issued through the buttons in
the single-line diagram or via inputs and the remote control request through
communication. The rising edge of the input signal is interpreted as a control
request, and the output operation is triggered. When remote control requests are
used the control points behaves as persistent.
The Loc Rem restriction setting is used for enabling or disabling the restriction for
SPCGAPC to follow the R/L button state. If Loc Rem restrictionis "True", as it is by
default, the local or remote control operations are accepted according to the R/L
button state.
Each of the 16 generic control point outputs has the Operation mode, Pulse length
and Description setting. If Operation modeis "Toggle", the output state is toggled
for every control request received. If Operation mode is "Pulsed", the output pulse
of a preset duration (the Pu/se length setting) is generated for every control request
received. The Description setting can be used for storing information on the actual
use of the control point in application, for instance.
For example, if the Operation modeis "Toggle", the output O# is initially “False”.
The rising edge in IN# sets O# to “True”. The falling edge of IN# has no effect. Next
rising edge of IN# sets O# to “False”.
IN#
Ott |
>
t
Figure 146: Operation in "Toggle"” mode
The BLOCK input can be used for blocking the functionality of the outputs. The
operation of the BLOCK input depends on the Operation mode setting. If Operation
mode is "Toggle", the output state freezes and cannot be changed while the BLOCK
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input is active. If Operation modeis "Pulsed", the activation of the BLOCK input
resets the outputs to the "False" state and further control requests are ignored
while the BLOCK input is active.

From the remote communication point of view SPCGAPC toggled
operation mode is always working as persistent mode. The output O#
follows the value written to the input IN#.

3.20.13.4 Signals
Table 247: SPCGAPC Input signals

Name Type Default Description

BLOCK BOOLEAN O=False Block signal for acti-
vating the blocking
mode

IN1 BOOLEAN O=False Input of control point
1

IN2 BOOLEAN O=False Input of control point
2

IN3 BOOLEAN O=False Input of control point
3

IN4 BOOLEAN O=False Input of control point
4

IN5 BOOLEAN O=False Input of control point
5

IN6 BOOLEAN O=False Input of control point
6

IN7 BOOLEAN O=False Input of control point
7

IN8 BOOLEAN O=False Input of control point
8

IN9 BOOLEAN O=False Input of control point
9

IN10 BOOLEAN O=False Input of control point
10

IN11 BOOLEAN O=False Input of control point
11

IN12 BOOLEAN O=False Input of control point
12

IN13 BOOLEAN O=False Input of control point
13

IN14 BOOLEAN O=False Input of control point
14

IN15 BOOLEAN O=False Input of control point
15

IN16 BOOLEAN O=False Input of control point
16
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Table 248: SPCGAPC Output signals

Name Type Description

o1 BOOLEAN Output 1 status
02 BOOLEAN Output 2 status
o3 BOOLEAN Output 3 status
04 BOOLEAN Output 4 status
05 BOOLEAN Output 5 status
06 BOOLEAN Output 6 status
o7 BOOLEAN Output 7 status
08 BOOLEAN Output 8 status
09 BOOLEAN Output 9 status
010 BOOLEAN Output 10 status
O11 BOOLEAN Output 11 status
012 BOOLEAN Output 12 status
013 BOOLEAN Output 13 status
014 BOOLEAN Output 14 status
015 BOOLEAN Output 15 status
016 BOOLEAN Output 16 status

262 REX640

Technical Manual



1MRS759142 F

Basic functions

3.20.13.5

Settings

Table 249: SPCGAPC Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description
Loc Rem restriction O=False 1=True Local remote switch restriction
1=True
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 1l | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 2 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 3 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 4 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 5 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 6 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 7 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-

trol point

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 8 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 9 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0Off
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 10 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 11 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 12 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 13 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0Off
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 14 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-
trol point
1=Toggle/Persistent
-1=0ff
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 15 | Generic control point description
Operation mode 0=Pulsed -1=0ff Operation mode for generic con-

1=Toggle/Persistent
-1=0ff

trol point

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
Pulse length 10...3600000 ms 10 1000 Pulse length for pulsed operation
mode
Description SPCGAPC1 Output 16 | Generic control point description
3.20.14 Pulse counter for energy measurement PCGAPC
3.20.14.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Pulse counter for energy measure- | PCGAPC PCGAPC PCGAPC
ment
3.20.14.2 Function block
PCGAPC1 i]
® PULSE_INPUT VALUE_READe
o READ_VALUE COUNT_SATe
® RESET
® FREEZE_COUNT
Figure 147: Function block
3.20.14.3 Functionality
The pulse counter for energy measurement function PCGAPC counts externally
generated binary pulses, for example, pulses coming from an external energy meter,
for the calculation of energy consumption values. The pulses are captured by the
binary input module and read by PCGAPC. The number of pulses in the counter is
then reported via the station bus to the automation system or read via the station
monitoring system as a service value. The scaled value is also available over IEC
61850 communication.
The pulses are captured by the binary input module and read by PCGAPC with a
frequency of up to 40 Hz. PCGAPC can also be used as a general-purpose counter.
3.20.14.4 Operation principle
The function can be enabled and disabled with the Operation setting. The
corresponding parameter values are "on" and "off".
The operation of PCGAPC can be described with a module diagram. All the modules
in the diagram are explained in the next sections.
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o ——| VALUE_READ |
uise .
PULSE_INPUT |—— _-—
= counter Scaling
——| COUNT_SAT |
RESET
FREEZE_COUNT
READ_VALUE

Figure 148: Functional module diagram

Pulse counter

This module counts the number of pulses available at PULSE_INPUT. The count value
is incremented depending upon Count criteria setting.

Table 250: Relation between setting Count criteria and count value behavior

Count criteria values PULSE_INPUT count value

Rising edge Count value is incremented on the rising edge of PULSE_IN-
PUT.

Falling edge Count value is incremented on the falling edge of PULSE_IN-
PUT.

On change Count value is incremented each time a rising edge or falling
edge is available at PULSE_INPUT.

Freeze Counting is frozen.

The count value is available at COUNT_VALUE in the Monitored data view and is
stored in a nonvolatile memory. This output is updated cyclically and sent to the
station HMI over various communication protocols, depending on the Reporting
interval setting. The start of Reporting interval corresponds to the start of the
function operation in the protection relay.

Binary output VALUE _READ activates for a fixed 200 ms each time the reporting
timer completes its cycle. It is also possible to update COUNT_VALUE before
completion of Reporting intervaland make it available for communication

by providing a minimum 1-second-long pulse at READ VALUE input. Besides
COUNT_VALUE activation, READ VALUE also activates output VALUE READ for 200
ms.

The activation of RESET resets COUNT_VALUE to zero. Activation of FREEZE_COUNT
freezes further counting.

Changing Count criteria does not reset COUNT_VALUE.

Scaling

This module scales the count value available at COUNT_VALUE. The scaling depends
on the Unit selection setting. When the function is used for general-purpose
counting, Unit selectionis set as "Count" and the count value is multiplied by the
Pulse quantity setting to calculate the scaled value.
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When using this function for energy measurement, Unit selectionis set accordingly,
that is, real, active or apparent energy and the count value is divided by /mpul/se
ratio to calculate the scaled value. The prefix for unit of /mpulse ratiois defined by
setting /Impulse ratio prefix.

The energy meter defines the impulse ratio (also known as meter
constant), that is, it indicates the number of pulses the meter generated
per kWh (or MWh). /Impul/se ratio must be set based on the energy meter
used.

For example, if the impulse ratio is 100 impulses / MWh, set /mpulse ratio
as 100 and /mpulse ratio prefix as Mega.

If the impulse ratio is 800 impulses / KWh, set /mpulse ratioas 800 and
Impulse ratio prefix as Kilo.

The scaled value is available at SCALED_VALUE in the Monitored data view. This
output is updated cyclically and sent to the station HMI over various communication
protocols depending on Reporting interval setting. The start of Reporting interval
corresponds to the start of the function operation in the protection relay.

The activation of RESET resets SCALED_VALUE to zero.

If Pulse quantity, Impulse ratio or Impulse ratio prefixis changed in
between, SCALED_VALUE is updated immediately based on the new
setting.

Binary output VALUE _READ activates for a fixed 200 ms each time the reporting
timer completes its cycle.

It is also possible to update SCALED_VALUE before completion of Reporting interval
and make it available for communication by providing a pulse at READ VALUE input.
The pulse width should be greater than 1 s. Besides updating SCALED VALUE, the
READ VALUE activation also activates output VALUE READ for 200 ms.

Activation of FREEZE COUNT input immediately updates SCALED VALUE output with
a pulse at VALUE_READ output.

Output COUNT SAT activates when either SCALED_VALUE or COUNT_VALUE exceeds
the count range and it is not possible to count further.

Figure 149 and Figure 150 explain PCGAPC operation.
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Figure 149: PCGAPC operation

268

REX640
Technical Manual



1MRS759142 F Basic functions

eyt |

Reporting time——

Reporting time- Reporting time- Reporting time

8
6 —
5 ]

ER el

Internal counter 1’—’7

COUNT_VALUE

FREEZE_COUNT

READ_VALUE

- W W lx%ﬂ :

pulse of 200ms

60

50

30

SCALED_VALUE
Unit selection set to Count

Pulse quantity set to 10

Figure 150: Behavior of FREEZE_COUNT input

3.20.14.5 Application

PCGAPC counts externally generated binary pulses, for example, pulses coming
from an external energy meter, for the calculation of energy consumption values.
The pulses are captured by the binary input module and read by PCGAPC with a
frequency of up to 40 Hz. The number of pulses in the counter is then reported

via the station bus to the substation automation system or read via the station
monitoring system as a service value. When using IEC 61850, a scaled service value
is available over the station bus.
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Figure 151: Typical application of PCGAPC
PCGAPC can also be used as a general-purpose counter.
3.20.14.6 Signals
PCGAPC Input signals
Table 251: PCGAPC Input signals
Name Type Default Description
PULSE_INPUT BOOLEAN O=False Connect binary input
channel for counting
READ_VALUE BOOLEAN O=False Initiates an additional
pulse counter reading
RESET BOOLEAN O=False Resets pulse counter
value
FREEZE_COUNT BOOLEAN O=False Freeze counting of
pulse available at in-
put
PCGAPC Output signals
Table 252: PCGAPC Output signals
Name Type Description
VALUE_READ BOOLEAN Scaled value is updated
COUNT_SAT BOOLEAN Counter reaches saturation
limit and cannot count fur-
ther
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3.20.14.7 PCGAPC Settings
Table 253: PCGAPC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Operation 1=on 1=on Operation Off / On
5=off
Count criteria 1=Freeze 2=Rising edge Pulse counter crite-
ria
2=Rising edge
3=Falling edge
4=0n change
Unit selection - 1=Count Measured quantity
1=Count for SCALED_VALUE
71=Apparent ener- output
ay
72=Active energy
73=Reactive energy
Impulse ratio 1...9999 1 1 Energy meter con-
stant
Impulse ratio prefix | g=No prefix 0=No prefix Prefix for unit of
impulse ratio
3=k
6=M
Pulse quantity 0.0001...90000.000 0.0001 1.0000 Factor to be
0 multiplied with
COUNT_VALUE
Reporting interval | =1 minute 0=1 minute Reporting interval
for counter value
1=5 minutes
2=10 minutes
3=15 minutes
4=30 minutes
5=60 minutes
6=180 minutes
3.20.14.8 PCGAPC Monitored data
Table 254: PCGAPC Monitored data
Name Type Values (Range) Unit Description
COUNT_VALUE INT64 0...2147483647 da Actual pulse counter
value
SCALED_VALUE FLOAT32 0.0000...1000.0000 Scaled value derived
from COUNT_VALUE
3.20.15 Hotline tag HLTGAPC
3.20.15.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Hotline tag HLTGAPC HLTGAPC HLTGAPC
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3.20.15.2 Function block
HLTGAPC1 ﬂ
o TAG_ON_OFF TAG_ONe
TAG_OFFe
Figure 152: Function block
3.20.15.3 Functionality
The hotline tag function HLTGAPC is used to block all reclosing of the breaker,
from both local and remote sources, when activated. When the function is activated
locally, it can only be reset locally. If activated remotely, it can be reset depending on
the Remote tag mode setting.
3.20.15.4 Operation principle
The function can be enabled and disabled with the Operation setting. The
corresponding parameter values are "on" and "off". When the Operation setting is
changed from "off" to "on", the monitored variable TAG_SOURCE is set to “None”
and saved to a nonvolatile memory.
When the Operation setting is "on" and a reboot occurs, the TAG_SOURCE variable is
read from the nonvolatile memory.
The operation of HLTGAPC can be described with a module diagram. All the modules
in the diagram are explained in the next sections.
TAG_ON_OFF I—
| EE— Local |
\ Local | tag
| | —
| __command __| —1_ TAG ON |
—| Active
tag ——  TAG_OFF |
—| TAG_SOURCE |
|~ " "Remofe """ ! Remote | |
L___command___! tag
| Remote tag mode | |
Figure 153: Functional module diagram
Local tag
Local tag is activated or deactivated on rising edge detection of TAG_ON_OFF input
or with a local command from the LHMI when the protection relay is in local mode.
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If a rising edge tag is detected locally, and the status of the nonvolatile variable
TAG_SOURCE is “None”, the tag is locally activated. TAG_SOURCE changes to “Local”
while TAG ON is set to TRUE and TAG_OFF to FALSE.

If a rising edge tag is detected locally, and the status of TAG_SOURCE is “Local”, the
tag is locally deactivated. TAG_SOURCE changes to “None” while TAG ON is set to
FALSE and TAG_OFF to TRUE.

When TAG_SOURCE is “Remote” and the Remote tag mode setting is "Untag Rem
only", all local commands are prohibited. However, when the Remote tag mode
setting is "Untag Loc or Rem", deactivation can be done locally.

Remote tag

Remote tag is activated or deactivated on rising edge detection through a
communication channel in remote mode.

If a rising edge tag is detected remotely, and the status of the nonvolatile variable
TAG_SOURCE is “None”, the tag is remotely activated. TAG_SOURCE changes to
“Remote” while TAG _ON is set to TRUE and TAG_OFF to FALSE.

If a rising edge tag is detected remotely, and the status of TAG_SOURCE is
“Remote”, the tag is remotely deactivated. TAG_SOURCE changes to “None” while
TAG_ON is set to FALSE and TAG_OFF to TRUE.

If TAG_SOURCE is “Local”, remote commands are always prohibited.

Application

HLTGAPC is used to prevent the protection relay from reclosing and re-energizing
a feeder where maintenance is performed. While HLTGAPC is active, no reclosing is
allowed regardless of whether it is initiated through a protection trip, requested
locally through the LHMI, or remotely through a communications command.

In order to operate correctly, HLTGAPC must be properly configured with
Application Configuration. The TAG _ON and TAG OFF outputs are connected where
they can block or enable any reclosing that is configured. Typically, TAG ON can be
used on a recloser function block to inhibit reclosing and TAG OFF can be usedon a
circuit breaker function block to enable closing.

A LED or a button on the LHMI can be used to indicate that the HLTGAPC condition
is active. HLTGAPC can be activated, and the panel tagged, from the LHMI or from a
remote communications command. The protection relay retains the original source
(local or remote) of HLTGAPC and allows HLTGAPC to be deactivated only from the
same source. That is, a locally initiated HLTGAPC can only be deactivated locally and
a remotely initiated HLTGAPC can only be deactivated remotely. An exception to this
rule allowing remotely initiated HLTGAPC commands to be deactivated locally can
be made by changing the Remote tag mode setting from the default "Untag Rem
only" to "Untag Loc or Rem". It is not possible to allow locally initiated HLTGAPC to
be deactivated remotely.

As an alternative to using a button to activate HLTGAPC locally, the function can be
activated from the Control menu of the LHMI.

The HLTGAPC status and the original source of the function are retained if power
is removed and restored or through any other re-initialization of the protection
relay. The HLTGAPC condition prior to the protection relay's reboot is automatically
restored after the protection relay re-initializes.
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The tag activation, deactivation and status information can be configured through
the Graphical Display Editor (GDE).

3.20.15.6 Signals

HLTGAPC Input signals

Table 255: HLTGAPC Input signals

Name Type Default Description
TAG_ON_OFF BOOLEAN O=False Toggles the local tag
on/off with each ris-
ing edge
HLTGAPC Output signals

Table 256: HLTGAPC Output signals

Name Type Description

TAG_ON BOOLEAN Hotline tag active

TAG_OFF BOOLEAN Hotline tag is not active
3.20.15.7 HLTGAPC Settings

Table 257: HLTGAPC Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description
Operation 1=on 1=on Operation Off / On
5=off
Remote tag mode 1=Untag Rem only 1=Untag Remonly | Deactivation mode
2=Untag Loc or rw%rtllri?wnqu;gly et
Rem
3.20.15.8 HLTGAPC Monitored data
Table 258: HLTGAPC Monitored data
Name Type Values (Range) Unit Description
TAG_SOURCE Enum 0=None f:gurce of active hotline
1=Local
2=Remote
HLTGAPC Enum 1=on Status
2=blocked
3=test
4=test/blocked
5=off
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3.20.16

3.20.16.1

3.20.16.2

3.20.16.3

3.20.16.4

Voltage switch VMSWI (ANSI VSWI)

Identification

Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number

Voltage switch VMSWI VSWI VSWI

Function block

VMSWI1 i‘
o U3P1 SOURCE1le
° U3P2 SOURCEZe
» U3P3 SOURCE3e
o U3Ps SOURCEZe
e URES1 UiPe
o URES? URESe
o URES3 ALARMe
o URES4 WARNINGe
o SWITCH_TC2
® SWITCH_TC8
® SWITCH_TOd

Figure 154: Function block

Functionality

The voltage switch function VMSWI performs the switching function between up to
four voltage groups (Busl, Bus 2, Bus 3 and Bus 4).

Residual voltage input can be optional and depends of the application
configuration. The switching operation can also be associated with the residual
voltage if available.

The calculated components U+, U- and Ug and the calculated P2P / P2E (depending
of the wye/delta mode) are switch-controlled as well.

Analog channel configuration

VMSWI has eight analog group inputs which must be properly configured. All inputs
can be connected to GRPOFF.

Table 259: Analog inputs

Input Description

u3p1t Three-phase voltages

u3p2! Three-phase voltages

uU3p31? Three-phase voltages

U3p4! Three-phase voltages

URES1! Residual voltage (measured or calculated)
URES2! Residual voltage (measured or calculated)

Table continues on the next page

1 Can be connected to GRPOFF
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Input Description
URES31! Residual voltage (measured or calculated)
URES4 1 Residual voltage (measured or calculated)

See the preprocessing function blocks in this document for the possible
signal sources. The GRPOFF signal is available in the function block called
Protection.

There are a few special conditions which must be noted with the configuration.

Table 260: Special conditions

Condition Description

U3P1/U3P2/U3P3/U3P4 The function requires that at least one voltage channel is
connected to real measure- | connected. The function requires that all the U3Px that are
ments

connected to real source must be capable of providing (at
least) the same data that the default source U3P1 is capable
of. E.g. if the source UTVTR conneted to U3P1 has two inputs
(e.g.UL1, UL2) connected then others need to also have at
least two inputs connected (e.g. UL1, UL2orUL2, UL3or
UL3, UL1).

URES1/URES2/URES3/URES4
calculated

The function requires that all three voltage channels are con-
nected to calculate the residual voltage. Setting VT connec-
tion must be "Wye" in that particular UTVTR.

Operation principle

The function can be enabled and disabled with the Operation setting. The
corresponding parameter values are "on" and "off".

For this function, the setting is hidden and fixed to "on".

The switch logic depends on inputs SWITCH TO2, SWITCH TO3 and SWITCH TO4.
Source 1is selected as default and switching is done on increased priority.

GRPOFF signal must be connected to unused voltage inputs. GRPOFF
signal is available as output from the Protection function block.

Table 261: Switching operation

Control input signals Outputs
SWITCH_TO | SWITCH_TO | SWITCH_TO | SOURCE1 SOURCE2 SOURCE3 SOURCE4 Source for | Source for
2 3 4 u3p URES
FALSE FALSE FALSE TRUE FALSE FALSE FALSE U3P1 URES1
TRUE FALSE FALSE FALSE TRUE FALSE FALSE u3p2 URES2
x1t TRUE FALSE FALSE FALSE TRUE FALSE U3pP3 URES3
x1t x1 TRUE FALSE FALSE FALSE TRUE U3pP4 URES4
1 No difference
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If the numbers of channels connected to U3P1...U3P4 and URES1...URES4
does not match with the number of connected SWITCH TOx inputs, the
configuration of the function fails.

Outputs ALARM and URES_ALARM indicate bad quality data of system measurements
for selected U3P and URES, respectively.

Outputs WARNING and URES WARNING indicate questionable quality data of system
measurements for selected U3P and URES, respectively.

Depending on the connected U3P channels to the voltage switch,

the Primary voltage settings between the source U3P must match.
Respectively, depending on the connected URES channels, the Primary
voltage settings between the source URES must match. Setting validation
for the primary voltages fails unless they are all stored simultaneously to
the protection relay.

3.20.16.6 Signals
Table 262: VMSWI Input signals
Name Type Default Description
U3P1 SIGNAL - Three-phase voltages
1
U3P2 SIGNAL - Three-phase voltages
2
U3P3 SIGNAL - Three-phase voltages
3
U3rP4 SIGNAL - Three-phase voltages
4
URES1 SIGNAL - Residual voltage 1
URES2 SIGNAL - Residual voltage 2
URES3 SIGNAL - Residual voltage 3
URES4 SIGNAL - Residual voltage 4
SWITCH_TO2 BOOLEAN O=False Switch to source 2
SWITCH_TO3 BOOLEAN O=False Switch to source 3
SWITCH_TO4 BOOLEAN O=False Switch to source 4

Table 263: VMSWI Output signals

Name Type Description

SOURCE1 BOOLEAN Selected voltage source is source 1
SOURCE2 BOOLEAN Selected voltage source is source 2
SOURCE3 BOOLEAN Selected voltage source is source 3
SOURCE4 BOOLEAN Selected voltage source is source 4
U3pP SIGNAL Three-phase voltages

URES SIGNAL Residual voltage

ALARM BOOLEAN Alarm

WARNING BOOLEAN Warning
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3.20.16.7 VMSWI Monitored data
Table 264: VMSWI Monitored data
Name Type Values (Range) | Unit Description
SWITCH_POS Enum 1=Source 1 Switch position
2=Source 2
3=Source 3
4=Source 4
3.20.17 Current switch CMSWI
3.20.17.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Current switch CMSwI CMSWwI CMSwI
3.20.17.2 Function block
CMSWH &
» [3P1 SOURCE1e
e 13P2 SOURCEZ2e
® [3P3 SOURCE3e
e 3P4 SOURCE4e
» IRES1 |13Pe
» |[RES2 IRESe
» IRES3 ALARMe
» |[RES4 WARNINGe
® SWITCH_TC2
® SWITCH_TC3
® SWITCH_TO4
Figure 155: Function block
3.20.17.3 Functionality
The current switch function CMSWI performs the switching function between up
to four current groups (Busl, Bus 2, Bus 3 and Bus 4). The residual current input is
optional and depends of the application configuration. Switching operation can also
be associated with the residual current if this is available.
3.20.17.4 Analog channel configuration
CMSWI has eight analog group inputs which must be properly configured. All inputs
can be connected to GRPOFF.
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Table 265: Analog inputs

Input Description

I13P11t Three-phase currents

13p21 Three-phase currents

13P31 Three-phase currents

13P41 Three-phase currents

IRES1! Residual current (measured or calculated)
IRES2? Residual current (measured or calculated)
IRES31 Residual current (measured or calculated)
IRES4 1 Residual current (measured or calculated)

See the preprocessing function blocks in this document for the possible
signal sources. The GRPOFF signal is available in the function block called
Protection.

3.20.17.5 Operation principle

The function can be enabled and disabled with the Operation setting. The
corresponding parameter values are "on" and "off".

For this function, the setting is hidden and fixed to "on".

The switch logic depends on inputs SWITCH TO2, SWITCH TO3 and SWITCH TOA4.
Source 1is selected as default and switching is done on increased priority.

GRPOFF signal must be connected to unused current inputs. GRPOFF
signal is available as output from the Protection function block.

Table 266: Switching operation

Control input signals Outputs

SWITCH_TO | SWITCH_TO | SWITCH_TO | SOURCE1 SOURCE2 SOURCE3 SOURCE4 Source for | Source for
2 3 4 I13P IRES
FALSE FALSE FALSE TRUE FALSE FALSE FALSE 13P1 IRES1
TRUE FALSE FALSE FALSE TRUE FALSE FALSE 13P2 IRES2

x1 TRUE FALSE FALSE FALSE TRUE FALSE 13P3 IRES3

x! x! TRUE FALSE FALSE FALSE TRUE 13P4 IRES4

If the numbers of channels connected to 13P1...13P4 and IRES1...IRES4
does not match with the number of connected SWITCH TOx inputs, the
configuration of the function fails.

Outputs ALARM and IRES ALARM indicate bad quality data of system measurements
for selected I3P and IRES, respectively.

Outputs WARNING and IRES WARNING indicate questionable quality data of system
measurements for selected 13P and IRES, respectively.

1 Can be connected to GRPOFF
1 No difference

REX640 279
Technical Manual



Basic functions

1MRS759142 F

Depending on the connected I3P channels to the current switch, the Primary
current settings between the source 13P must match. Depending on the connected
IRES channels, the Primary current settings between the source IRES must

match. Setting validation for the primary current fails unless they are all stored
simultaneously to the protection relay.

3.20.17.6 Signals
Table 267: CMSWI Input signals
Name Type Default Description
13P1 SIGNAL - Three-phase currents
1
13P2 SIGNAL - Three-phase currents
2
13P3 SIGNAL - Three-phase currents
3
13P4 SIGNAL - Three-phase currents
4
IRES1 SIGNAL - Residual current 1
IRES2 SIGNAL - Residual current 2
IRES3 SIGNAL - Residual current 3
IRES4 SIGNAL - Residual current 4
SWITCH_TO2 BOOLEAN O=False Switch to source 2
SWITCH_TO3 BOOLEAN O=False Switch to source 3
SWITCH_TO4 BOOLEAN O=False Switch to source 4
Table 268: CMSWI Output signals
Name Type Description
SOURCE1 BOOLEAN Selected current source is source 1
SOURCE2 BOOLEAN Selected current source is source 2
SOURCE3 BOOLEAN Selected current source is source 3
SOURCE4 BOOLEAN Selected current source is source 4
13P SIGNAL Three-phase currents
IRES SIGNAL Residual current
ALARM BOOLEAN Alarm
WARNING BOOLEAN Warning
3.20.17.7 CMSWI Monitored data
Table 269: CMSWI Monitored data
Name Type Values (Range) Unit Description
SWITCH_POS Enum 1=Source 1 Switch position
2=Source 2
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Name Values (Range) Unit Description

Type

3=Source 3

4=Source 4

3.20.18 Generic up-down counter UDFCNT
3.20.18.1 Identification

Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2

identification identification device number

Generic up-down counter UDFCNT UDCNT UDCNT

3.20.18.2 Function block
UDFCNT1 al

® UP_CNT UPCNT_STSe

o DOWN_CNT DNCNT_STSe

® RESET

e LOAD

Figure 156: Function block
3.20.18.3 Functionality

The Generic up-down counter function UDFCNT counts up or down for each positive

edge of the corresponding inputs. The counter value output can be reset to zero or

preset to some other value if required.

The function provides up-count and down-count status outputs, which specify the

relation of the counter value to a loaded preset value and to zero respectively.
3.20.18.4 Operation principle

The function can be enabled and disabled with the Operation setting. The

corresponding parameter values are "On" and "Off".

The operation of UDFCNT can be described with a module diagram. All the modules

in the diagram are explained in the next sections.

UP_CNT |——
| = Up-down UPCNT_STS
nter DNCNT_STS
[DOWN CNT | counte —
LOAD Q
RESET

Figure 157: Functional module diagram
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3.20.18.5

3.20.18.6

Up-down counter

Each rising edge of the UP_CNT input increments the counter value CNT VAL by one
and each rising edge of the DOWN CNT input decrements the CNT_VAL by one. If
there is a rising edge at both the inputs UP_CNT and DOWN_CNT, the counter value
CNT_ VAL is unchanged. The CNT VAL is available in the monitored data view.

The counter value CNT VAL is stored in a nonvolatile memory. The range of the
counter is 0...+2147483647. The count of CNT VAL saturates at the final value of
2147483647, that is, no further increment is possible.

The value of the setting Counter load valueis loaded into counter value CNT VAL
either when the LOAD input is set to "True" or when the Load Counteris set to
"Load" in the LHMI. Until the LOAD input is "True", it prevents all further counting.

The function also provides status outputs UPCNT STS and DNCNT_ STS. The
UPCNT_STS is set to "True" when the CNT VAL is greater than or equal to the setting
Counter load value. DNCNT STS is set to "True" when the CNT VAL is zero.

The RESET input is used for resetting the function. When this input is set to "True"
or when Reset counteris set to "reset”, the CNT VAL is forced to zero.

Signals

Table 270: UDFCNT Input signals

Name Type Default Description

UP_CNT BOOLEAN O=False Input for up counting

DOWN_CNT BOOLEAN O=False Input for down count-
ing

RESET BOOLEAN O=False Reset input for coun-
ter

LOAD BOOLEAN O=False Load input for coun-
ter

Table 271: UDFCNT Output signals

Name Type Description

UPCNT_STS BOOLEAN Status of the up counting

DNCNT_STS BOOLEAN Status of the down counting
Settings

Table 272: UDFCNT Non group settings (Basic)

Parameter Values (Range) Unit Step Default Description

Operation 1=on 1=on Operation Off / On
5=off

Counter load value 0...2147483647 1 10000 Preset counter value

Reset counter 0=Cancel 0=Cancel Resets counter value

Table continues on the next page
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Parameter Values (Range) Unit Step Default Description
1=Reset

Load counter 0=Cancel 0=Cancel Loads the counter to preset val-
1=Load ue

3.20.18.7 Monitored data
Table 273: UDFCNT Monitored data
Name Type Values (Range) Unit Description
CNT_VAL INT64 0...2147483647 Output counter
value
3.20.19 Current sum CMSUM (ANSI CSUM)
3.20.19.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Current sum CMSUM CSUM CSUM
3.20.19.2 Function block
CMSUM1 EJ
= I,
Figure 158: Function block
3.20.19.3 Functionality
The current sum function CMSUM is a phase-by-phase specific summing function
for two current triplets. Output I13P can be used as normal current input for the
application functions using current. Different measurement modes (DFT, RMS, Peak-
to-peak) are supported. Also, positive, negative and zero-sequence components are
calculated for the summed currents. Output IRES provides the calculated residual
current based on the summed currents.
Example configuration:
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Figure 159: Current summing configuration

3.20.19.4 Analog channel configuration
CMSUM has two analog group inputs which must be properly configured, that is,
both of the ILTCTR function blocks connected to these inputs must have the same
primary current setting value.
Table 274: Analog inputs
Input Description
13P1 Three-phase currents
13P2 Three-phase currents
See the preprocessing function blocks in this document for the possible
signal sources.
3.20.19.5 Signals
Table 275: CMSUM Input signals
Name Type Default Description
13P1 SIGNAL - Three-phase currents
1
13P2 SIGNAL - Three-phase currents
2
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Table 276: CMSUM Output signals

Name Type Description

13P SIGNAL Summed three-phase currents

IRES SIGNAL Calculated residual current of summed three-
phase currents

3.20.20 Transformer data combiner OLGAPC
3.20.20.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Transformer data combiner OLGAPC OLGAPC OLGAPC
3.20.20.2 Function block
oLeAPCt @]
¢ TR_TAP_POS TR_DATe
e TR_I_AMPL
e TR_I_ANGL
® TR_TAP_FLLW
, TR_STATUS
Figure 160: Function block
3.20.20.3 Functionality
The transformer data combiner function OLGAPC is intended for the voltage
regulator function OL5ATCC.
3.20.20.4 Operation principle
The function of OLGAPC is to collect data from a parallel transformer via GOOSE
communication. The TR _DAT output, which contains the combined input data, is
connected to the OL5ATCC function block.
3.20.20.5 Application
See the application example in Figure 161.
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T0
OL5ATCCH C]
ILTCTR1_IZP = @ |3P RAISE_OA\MNw»
UTVTR1_U3Ip Z =8 L3P LOWER_Ovie
TPOSYLTC1_TAP_POS Z»—————= TAF_P(S FLLWY_CTLe————4> TO_FLLW1_CTL
B HAISE_LOCAL FLLW? T 8> TO_FLLWZ2_CTL
e LOWER_LOCAL FLLWI _CTLe
B FARALLEL FLLW4_CTLe
F AUTO FLLWS_CTLe
& WMSTR_TRIGG BLKD_|_LODe
T » CON_STATUS BLKD_LLLN®
& LTC_BLOCK RNEK_U_OJ/e
» TCO BLKD_|_CR»
slcio a » RSV BLKD_LTCELKS
T1i_TAP_POS 3 e TR_TAP PG TR_DAT? TR1_DAT ALARS
Ti_I_AMPL Z ey TR_|_AMPL TR2_DAT PAR_FAL®
T1 1 ANGL Z = TR_|ANGL » TRI_DAT PARALLE®
Ti_TAP_FLLW Z = TR_TAP_FALW » TR4_DAT AUTO®
T1_STATUS Z ———a TR_STATUS » TRI_DAT TIMER_Ohw»
TR MASTER®
025|111
T2
OLGAPC2 Cl
T2 _TAP_POS S TR_TAP_ PG TR DAT
T2_I_ AMPL 5+ TR_|_AWPL
T2_I_ANGL ¢ TR_LANG
T2_TAP_FLLW 5 s TR_TAP_ALW
T2_STATUS Z = TH_STATUS
O:2| 6|12
Figure 161: Application example
3.20.20.6 Signals
OLGAPC Input signals
Table 277: OLGAPC Input signals
Name Type Default Description
TR_TAP_POS INT32 (0] Integer value repre-
senting tap chang-
er position of trans-
former
TR_I_AMPL FLOAT32 0.00 Received current
magnitude from
transformer
TR_I_ANGL FLOAT32 0.00 Received current an-
gle from transformer
TR_STATUS Enum O=Independent Transformer status
information
OLGAPC Output signals
Table 278: OLGAPC Output signals
Name Type Description
TR_DAT INT8_TRDAT Analog output
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3.20.21 Controllable gate, 8 channels GATEGAPC
3.20.21.1 Identification
Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number
Controllable gate, 8 channels GATEGAPC GATEGAPC GATEGAPC
3.20.21.2 Function block
( GATEGAPC1 @)
o INt ale
® IN2 Qe
® IN3 Qie
® N4 Qe
® IN5 Q5e
® ING Qse
e IN7 Qre
[] IN8 Qi e
k ]
Figure 162: Function block
3.20.21.3 Functionality
Controllable gate function GATEGAPC can pass each input IN1...IN8 to output
01...08 depending on the related setting Connect INx to @x. Additionally, each
output Ox can be named with Description setting.
3.20.21.4 Signals
Table 279: GATEGAPC Input signals
Name Type Default Description
IN1 BOOLEAN 0 IN1 status
IN2 BOOLEAN 0 IN2 status
IN3 BOOLEAN 0 IN3 status
IN4 BOOLEAN 0 IN4 status
IN5 BOOLEAN 0 IN5 status
ING BOOLEAN 0 IN6 status
IN7 BOOLEAN 0 IN7 status
IN8 BOOLEAN 0 IN8 status
Table 280: GATEGAPC Output signals
Name Type Description
Q1 BOOLEAN Q1 status
Q2 BOOLEAN Q2 status
Q3 BOOLEAN Q3 status
Table continues on the next page
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Name Type Description
Q4 BOOLEAN Q4 status
Q5 BOOLEAN Q5 status
Q6 BOOLEAN Q6 status
Q7 BOOLEAN Q7 status
Q8 BOOLEAN Q8 status
3.20.21.5 Settings
Table 281: GATEGAPC settings
Parameter Values (Range) Unit Step Default Description
Connect IN1to Q1 1=0n 0=0Off IN1 to Q1 connection
0=0ff
Description GATEGAPC1 Q1 Output description
Connect IN2 to Q2 1=0n 0=0Off IN2 to Q2 connection
0=0Off
Description GATEGAPC1 Q2 Output description
Connect IN3 to Q3 1=0n 0=0Off IN3 to Q3 connection
0=0Off
Description GATEGAPC1 Q3 Output description
Connect IN4 to Q4 1=0n 0=0Off IN4 to Q4 connection
0=0Off
Description GATEGAPC1 Q4 Output description
Connect IN5 to Q5 1=0On 0=0Off IN5 to Q5 connection
0=0ff
Description GATEGAPC1 Q5 Output description
Connect IN6 to Q6 1=0n 0=0Off IN6 to Q6 connection
0=0ff
Description GATEGAPC1 Q6 Output description
Connect IN7 to Q7 1=0n 0=0Off IN7 to Q7 connection
0=0ff
Description GATEGAPC1 Q7 Output description
Connect IN8 to Q8 1=0n 0=0Off IN8 to Q8 connection
0=0Off
Description GATEGAPC1 Q8 Output description
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3.21 Standard logic operators
3.21.1 OR gate with two inputs OR, six inputs OR6 and twenty
inputs OR20
3.21.1.1 Function block
_ OR20 il
:EE oe
e B3
e B4
. B;
[ 311
. B'_f’
= BS
e BEY
& B10
e BN
e B12
ORe al 4
og‘ 0w ] B‘j
O B i
Y 0e o8 o510
..82 | @ Bb e BN

Figure 163: Function block

3.21.1.2 Functionality

OR, OR6 and OR20 are used to form general combinatory expressions with boolean

variables.

The 0 output is activated when at least one input has the value TRUE. The default
value of all inputs is FALSE, which makes it possible to use only the required number

of inputs and leave the rest disconnected.

OR has two inputs, OR6 six and OR20 twenty inputs.

3.21.1.3 Signals

Table 282: OR Input signals

Name Type Default Description
B1 BOOLEAN 0 Input signal 1
B2 BOOLEAN 0] Input signal 2

REX640
Technical Manual

289



Basic functions

1MRS759142 F

Table 283: OR6 Input signals

Name Type Default Description
Bl BOOLEAN 0 Input signal 1
B2 BOOLEAN 0] Input signal 2
B3 BOOLEAN 0] Input signal 3
B4 BOOLEAN 0 Input signal 4
B5 BOOLEAN 0] Input signal 5
B6 BOOLEAN 0] Input signal 6
Table 284: OR20 Input signals
Name Type Default Description
Bl BOOLEAN 0 Input signal 1
B2 BOOLEAN 0] Input signal 2
B3 BOOLEAN 0 Input signal 3
B4 BOOLEAN 0 Input signal 4
B5 BOOLEAN 0] Input signal 5
B6 BOOLEAN 0] Input signal 6
B7 BOOLEAN 0 Input signal 7
B8 BOOLEAN 0 Input signal 8
B9 BOOLEAN 0] Input signal 9
B10 BOOLEAN 0] Input signal 10
B11 BOOLEAN 0 Input signal 11
B12 BOOLEAN 0 Input signal 12
B13 BOOLEAN 0 Input signal 13
B14 BOOLEAN 0] Input signal 14
B15 BOOLEAN 0 Input signal 15
B16 BOOLEAN 0 Input signal 16
B17 BOOLEAN 0 Input signal 17
B18 BOOLEAN 0] Input signal 18
B19 BOOLEAN 0 Input signal 19
B20 BOOLEAN 0 Input signal 20
Table 285: OR Output signals
Name Type Description
(0] BOOLEAN Output signal

Table 286: OR6 Output signals

Name

Type

Description

(o]

BOOLEAN

Output signal

290
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Table 287: OR20 Output signals

Name Type Description
(o] BOOLEAN Output signal
3.21.1.4 Settings
The function does not have any parameters available in LHMI or PCM600.
3.21.2 AND gate with two inputs AND, six inputs AND6 and
twenty inputs AND20
3.21.2.1 Function block
AND20 al
e Bl 0w
e B2
e B3
e B4
£
oe
[ =]
® B9
» B10
s Bl
e B12
(. |
e Bl 0Oe ® B15
e B2 » Bl6
§ = & 2 tew
* Bl Qe e B5 » B1%
e B2 s B5 . B20
Figure 164: Function blocks
3.21.2.2 Functionality
AND, AND6 and AND20 are used to form general combinatory expressions with
boolean variables.
The default value in all inputs is logical TRUE, which makes it possible to use only the
required number of inputs and leave the rest disconnected.
AND has two inputs, AND6 six inputs and AND20 twenty inputs.
3.21.2.3 Signals
Table 288: AND Input signals
Name Type Default Description
B1 BOOLEAN 1 Input signal 1
B2 BOOLEAN 1 Input signal 2
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Table 289: ANDG6 Input signals

Name Type Default Description
Bl BOOLEAN 1 Input signal 1
B2 BOOLEAN 1 Input signal 2
B3 BOOLEAN 1 Input signal 3
B4 BOOLEAN 1 Input signal 4
B5 BOOLEAN 1 Input signal 5
B6 BOOLEAN 1 Input signal 6
Table 290: AND20 Input signals
Name Type Default Description
Bl BOOLEAN 0 Input signal 1
B2 BOOLEAN 0] Input signal 2
B3 BOOLEAN 0 Input signal 3
B4 BOOLEAN 0 Input signal 4
B5 BOOLEAN 0] Input signal 5
B6 BOOLEAN 0] Input signal 6
B7 BOOLEAN 0 Input signal 7
B8 BOOLEAN 0 Input signal 8
B9 BOOLEAN 0] Input signal 9
B10 BOOLEAN 0] Input signal 10
B11 BOOLEAN 0] Input signal 11
B12 BOOLEAN 0 Input signal 12
B13 BOOLEAN 0 Input signal 13
B14 BOOLEAN 0] Input signal 14
B15 BOOLEAN 0 Input signal 15
B16 BOOLEAN 0 Input signal 16
B17 BOOLEAN 0 Input signal 17
B18 BOOLEAN 0] Input signal 18
B19 BOOLEAN 0 Input signal 19
B20 BOOLEAN 0 Input signal 20

Table 291: AND Output signals
Name Type Description

(o] BOOLEAN Output signal

Table 292: AND6 Output signals
Name Type Description

(o) BOOLEAN Output signal
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Table 293: AND20 Output signals

Name Type Description
(o] BOOLEAN Output signal
3.21.2.4 Settings
The function does not have any parameters available in LHMI or PCM600.
3.21.3 XOR gate with two inputs XOR
3.21.3.1 Function block
XOR al
e B1 De
® B2
Figure 165: Function block
3.21.3.2 Functionality
The exclusive OR function XOR is used to generate combinatory expressions with
boolean variables.
The output signal is TRUE if the input signals are different and FALSE if they are
equal.
3.21.3.3 Signals
Table 294: XOR Input signals
Name Type Default Description
Bl BOOLEAN 0 Input signal 1
B2 BOOLEAN 0 Input signal 2
Table 295: XOR Output signals
Name Type Description
(o] BOOLEAN Output signal
3.21.34 Settings
The function does not have any parameters available in LHMI or PCM600.
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3.21.4 NOT gate NOT
3.21.4.1 Function block
NOT i’

Figure 166: Function block

3.21.4.2 Functionality
NOT is used to generate combinatory expressions with boolean variables.

NOT inverts the input signal.

3.21.43 Signals
Table 296: NOT Input signal
Name Type Default Description
1 BOOLEAN 0] Input signal

Table 297: NOT Output signal

Name Type Description
(o] BOOLEAN Output signal
3.21.4.4 Settings

The function does not have any parameters available in LHMI or PCM600.

3.21.5 Rising edge detector R_TRIG
3.21.5.1 Function block
R_TRIG _a_J

Figure 167: Function block

3.21.5.2 Functionality
R_TRIG is used as a rising edge detector.

R_TRIG detects the transition from FALSE to TRUE at the CLK input. When the rising
edge is detected, the element assigns the output to TRUE. At the next execution
round, the output is returned to FALSE despite the state of the input.
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3.21.5.3 Signals
Table 298: R_TRIG Input signals
Name Type Default Description
CLK BOOLEAN 0] Input signal
Table 299: R_TRIG Output signals
Name Type Description
Q BOOLEAN Output signal
3.21.5.4 Settings
The function does not have any parameters available in LHMI or PCM600.
3.21.6 Falling edge detector F_TRIG
3.21.6.1 Function block
F_TRIG g
e CLK Qe
Figure 168: Function block
3.21.6.2 Functionality
F_TRIG is used as a falling edge detector.
The function detects the transition from TRUE to FALSE at the CLK input. When
the falling edge is detected, the element assigns the Q output to TRUE. At the next
execution round, the output is returned to FALSE despite the state of the input.
3.21.6.3 Signals
Table 300: F_TRIG Input signals
Name Type Default Description
CLK BOOLEAN 0] Input signal
Table 301: F_TRIG Output signals
Name Type Description
Q BOOLEAN Output signal
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3.21.6.4 Settings
The function does not have any parameters available in LHMI or PCM600.
3.21.7 Switching device status decoder CLOSE position
T_POS_CL, OPEN position T_POS_OP and OK status
T _POS_OK
3.21.7.1 Function block
T_POS_CL i] T_POS_OK EJ T_POS_OP i‘
e POS CLOSEDe e POS OKe ® POS Cpene
Figure 169: Function blocks
3.21.7.2 Functionality
The circuit breaker position information can be communicated with the IEC 61850
GOOSE messages. The position information is a double binary data type which is
fed to the POS input.
T_POS_CL and T_POS_OP are used for extracting the circuit breaker status
information. Respectively, T_POS_OK is used to validate the intermediate or faulty
breaker position.
Table 302: Cross reference between circuit breaker position and function block
output
Circuit breaker Output of the function block
position
T_POS_CL T_POS_OP T_POS_OK
Intermediate '00" FALSE FALSE FALSE
Close '01' TRUE FALSE TRUE
Open '10 FALSE TRUE TRUE
Faulty '11' TRUE TRUE FALSE
3.21.7.3 Signals
Table 303: T_POS_CL Input signals
Name Type Default Description
POS Double binary 0 Input signal
Table 304: T_POS_OP Input signals
Name Type Default Description
POS Double binary 0] Input signal
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Table 305: T_POS_OK Input signals

Name Type Default Description

POS Double binary 0] Input signal

Table 306: T_POS_CL Output signals

Name Type Description
CLOSE BOOLEAN Output signal

Table 307: T_POS_OP Output signals

Name Type Description

CLOSE BOOLEAN Output signal

Table 308: T_POS_OK Output signals

Name Type Description
CLOSE BOOLEAN Output signal
3.21.7.4 Settings

The function does not have any parameters available in LHMI or PCM600.

3.21.8 SR flip-flop, volatile SR
3.21.8.1 Function block
SR _a_l

R NOTQe

Figure 170: Function block

3.21.8.2 Functionality

The SR flip-flop output Q can be set or reset from the s or R inputs. S input has a
higher priority over the R input. Output NOTQ is the negation of output Q.

The statuses of outputs 0 and NOTQ are not retained in the nonvolatile
memory.
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Table 309: Truth table for SR flip-flop

S R Q

0] 0] 0!

(0} 1 0

1 0

1 1 1

3.21.8.3 Signals
Table 310: SR Input signals

Name Type Default Description

S BOOLEAN O=False Set Q output when
set

R BOOLEAN O=False Resets Q output
when set

Table 311: SR Output signals

Name Type Description
Q BOOLEAN Q status
NOTQ BOOLEAN NOTQ status
3.21.9 RS flip-flop, volatile RS
3.21.9.1 Function block
RS il
[ ) Qe

R NOTQe

Figure 171: Function block

3.21.9.2 Functionality

The RS flip-flop output Q can be set or reset from the S or R inputs. R input has a
higher priority over the s input. Output NOTQ is the negation of output Q.

The statuses of outputs Q and NOTQ are not retained in the nonvolatile
memory.

1 Keep state/no change
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3.21.9.3

3.22

3.22.1

3.22.1.1

3.22.1.2

Table 312: Truth table for RS flip-flop

s R Q
0 0 Lk
0 1 0
1 0

1 1 0
Signals

Table 313: RS Input signals

Name Type Default Description
S BOOLEAN O=False Set Q output when
set
R BOOLEAN O=False Resets Q output
when set
Table 314: RS Output signals
Name Type Description
Q BOOLEAN Q status
NOTQ BOOLEAN NOTQ status

Mathematical operators

Real addition ADDR

Function block

ADDR i]

o REAL_IN1 REAL_OUTe
o REAL_INZ VALID®

Figure 172: Function block

Functionality

The real addition function ADDR adds the inputs REAL IN1 and REAL IN2 together.

ADDR executes the equation

REAL OUT =REAL INI1 +REAL INZ2

1 Keep state/no change
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If the value of the sum is outside the range, then the output quality is set as
bad and VALID is set to FALSE. The minimum negative sum value is restricted to
—-2097152.000 and the maximum positive sum value is restricted to 2097152.000.

3.22.1.3 Signals
Table 315: ADDR Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
Table 316: ADDR Output signals
Name Type Description
REAL_OUT FLOAT32 Real output 1
VALID BOOLEAN Output validity
3.22.2 Real division DIVR
3.22.2.1 Function block
' DIVR al
o REALIN1 REAL_OUTe
® REAL_IN2 VAUDf
Figure 173: Function block
3.22.2.2 Functionality
The real division function DIVR divides the REAL IN1 input by REAL IN2.DIVR
executes the equation
REAL _OUT = REAL_IN1
REAL _IN2
(Equation 8)
If the denominator value is less than = 0.001, the resultant quotient is considered
out of range.
If the value of the quotient is outside the range, then the output quality is set as bad
and VALID is set to FALSE. The minimum negative quotient value is restricted to —
2097152.000 and the maximum positive quotient value is restricted to 2097152.000.
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3.22.2.3 Signals
Table 317: DIVR Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
Table 318: DIVR Output signals
Name Type Description
REAL_OUT IN1 Real output
VALID BOOLEAN Output validity
3.22.3 Real multiplication MULR
3.22.3.1 Function block
MULR al
® REAL_IN1 REAL_OUTe
.. REAL_IN2 VALIDIO
Figure 174: Function block
3.22.3.2 Functionality
The real multiplication function MULR multiplies the real input REAL IN1 by the real
input REAL IN2 together. MULR executes the equation
REAL OUT =REAL IN1 XREAL IN2
If the value of the product is outside the range, then the output quality is set as
bad and VALID is set to FALSE. The minimum negative product value is restricted to
-2097152.000 and the maximum positive product value is restricted to 2097152.000.
3.22.3.3 Signals
Table 319: MULR Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
Table 320: MULR Output signals
Name Type Description
REAL_OUT FLOAT32 Real output
VALID BOOLEAN Output validity
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3.22.4

3.224.1

3.22.4.2

3.224.3

3.22.5

3.22.5.1

Real subtraction SUBR

Function block

SUBR i‘

& REAL_IN1 REAL_OUTe
@ REAL_IN2 VALIDe

Figure 175: Function block

Functionality

The real subtraction function SUBR subtracts input REAL IN2 from REAL INI.

SUBR executes the equation

REAL OUT =REAL INI1-REAL IN2

If the value of the difference is outside the range, then the output quality is

set as bad and VALID is set to FALSE. The minimum negative difference value is
restricted to —2097152.000 and the maximum positive difference value is restricted

to 2097152.000.

Signals

Table 321: SUBR Input signals

Name Type

Default Description

REAL_IN1 FLOAT32

0 Real input 1

REAL_IN2 FLOAT32

0 Real input 2

Table 322: SUBR Output signals

Name Type

Description

REAL_OUT FLOAT32

Real output

VALID BOOLEAN

Output validity

Real equal comparator EQR

Function block

EQR al

& REAL_IN1 OUTe
o REAL_IN2
o TOLR

Figure 176: Function block
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3.22.5.2 Functionality
The real equal comparator function EQR compares the real input REAL INI with the
real input REAL IN2 and activates the binary output OUT if REAL IN1 is within the
region of REAL IN2 + TOLR and REAL IN2 -TOLR, thatis, if REAL IN1 = (REAL IN2
—TOLR) and REAL INI1 < (REAL IN2 + TOLR), OUT =1, else OUT = 0.
If inputs REAL IN1 or REAL IN2 are outside the range, then OUT is set to 0.
REAL_IN2+TOLR
Equal region
REAL_IN2
Equal region
REAL_IN2-TOLR
Figure 177: Region of EQR comparison
EQR requires a positive value for TOLR, otherwise it may not function
properly. The TOLR value can be set using SETRGAPC.
EQR function blocks do not have the hysteresis feature. Oscillating
outputs should be avoided when comparing analog signals that have
closely varying values.
3.22.5.3 Signals
Table 323: EQR Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
TOLR FLOAT32 0 Tolerance for compar-
ison
Table 324: EQR Output signals
Name Type Description
ouT BOOLEAN Output value
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3.22.6 Real not equal comparator NER
3.22.6.1 Function block

[ NER i]

® REAL_IN1 OUTe

® REAL_IN2
e TOLR

Figure 178: Function block

3.22.6.2 Functionality

The real not equal comparator function NER compares the real input REAL IN1 with
the real input REAL IN2 and activates the binary output OUT if REAL IN1 is outside
the region of REAL INT2 + TOLR and REAL IN2 - TOLR. Thatis, if REAL INI1<
(REAL_IN2-TOLR)or REAL INI1 > (REAL IN2 + TOLR), OUT=1, else OUT = 0.

If inputs REAL IN1 or REAL IN2 are outside the range, then OUT is set to O.

Max 2097151.000

Not equal region

REAL_IN2+TOLR

REAL_IN2

REAL_IN2-TOLR

Not equal region

Min -2097152.000
Figure 179: Region of NER comparison

NER requires a positive value for TOLR, otherwise it may not function
properly. The TOLR value can be set using SETRGAPC.

NER function blocks do not have the hysteresis feature. Oscillating
outputs should be avoided when comparing analog signals that have
closely varying values.
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3.22.6.3 Signals
Table 325: NER Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
TOLR FLOAT32 0 Tolerance for compar-
ison

Table 326: NER Output signals

Name Type Description
ouT BOOLEAN Output value
3.22.7 Real greater than or equal comparator GER
3.22.7.1 Function block
GER al
o REAL_IN1 OUTe

® REAL_IN2
® TOLR

Figure 180: Function block

3.22.7.2 Functionality

The real greater than or equal comparator function GER compares the real input
REAL_INI1 with the real input REAL IN2 and activates the binary output OUT if
REAL INI is equal to or greater than REAL IN2 - TOLR or greater than input
REAL IN2.Thatis,if REAL IN12(REAL IN2-TOLR)or REAL IN1 > (REAL IN2),
OUT =1, else0UT = 0.

If inputs REAL IN1 or REAL IN2 are outside the range, then OUT is set to O.

Max 2097151.000
Greater than region

REAL_IN2

Equal region

REAL_IN2-TOLR

Figure 181: Region of GER comparison

REX640 305
Technical Manual



Basic functions

1MRS759142 F

GER function blocks do not have the hysteresis feature. Oscillating
outputs should be avoided when comparing analog signals that have
closely varying values.

3.22.7.3 Signals
Table 327: GER Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
TOLR FLOAT32 0 Tolerance for compar-
ison
Table 328: GER Output signals
Name Type Description
ouT BOOLEAN Output value
3.22.8 Real less than or equal comparator LER
3.22.8.1 Function block
( LER al
I. REAL_IN1 OUTe
® REAL_IN2
® TOLR
Figure 182: Function block
3.22.8.2 Functionality
The real less than or equal comparator function LER compares real input REAL IN1
with the real input REAL IN2 and activates the binary output OUT if REAL IN1 is
equal to or less than REAL IN2 + TOLR or less than REAL IN2 input. Thatis, if
REAL INI1 < (REAL IN2 + TOLR)or REAL IN1 < (REAL IN2),0UT =1, else OUT =0.
LER function blocks do not have the hysteresis feature. Oscillating
outputs should be avoided when comparing analog signals that have
closely varying values.
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REAL_IN2+TOLR |
Equal region

REAL_IN2

Lesser than region

Min -2097152.000

Figure 183: Region of LER comparison

3.22.8.3 Signals
Table 329: LER Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input 1
REAL_IN2 FLOAT32 0 Real input 2
TOLR FLOAT32 0 Tolerance for compar-
ison

Table 330: LER Output signals

Name Type Description
ouT BOOLEAN Output value
3.22.9 Real maximum value selector MAX3R
3.22.9.1 Function block
MAX3R il
o REAL_IN1 REAL_OUTe

® REAL_IN2
® REAL_IN3

Figure 184: Function block

3.22.9.2 Functionality

The real maximum value selector function MAX3R selects the maximum value from
three analog values. Disconnected inputs and inputs whose quality is bad are
ignored. If all inputs are disconnected or the quality is bad, MAX3R output value

is set to —221.
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3.22.9.3 Signals
Table 331: MAX3R Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input value 1
REAL_IN2 FLOAT32 0 Real input value 2
REAL_IN3 FLOAT32 0 Real input value 3
Table 332: MAX3R Output signals
Name Type Description
REAL_OUT FLOAT32 Real output value
3.22.10 Real minimum value selector MIN3R
3.22.10.1 Function block
] MIN3R al
:o REAL_IN1 REAL_OUTe
® REAL_IN2
’ REAL_IN3
Figure 185: Function block
3.22.10.2 Functionality
The real minimum value selector function MIN3R selects the minimum value from
three analog values. Disconnected inputs and inputs whose quality is bad are
ignored. If all inputs are disconnected or the quality is bad, MIN3R output value
is set to 221,
3.22.10.3 Signals
Table 333: MIN3R Input signals
Name Type Default Description
REAL_IN1 FLOAT32 0 Real input value 1
REAL_IN2 FLOAT32 0 Real input value 2
REAL_IN3 FLOAT32 0 Real input value 3
Table 334: MIN3R Output signals
Name Type Description
REAL_OUT FLOAT32 Real output value
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3.22.11 Real switch selector SWITCHR
3.22.11.1 Function block
( SWITCHR al
® CTL_SW REAL_OUTe
® REAL_IN1
o REAL_IN2
Figure 186: Function block
3.22.11.2 Functionality
The real switch selector function SWITCHR is operated by the CTL Sw input and
selects the output value REAL OUT between the REAL IN1 and REAL IN2 inputs.
Table 335: SWITCHR
CTL_SW value REAL_OUT value
TRUE (1) REAL_IN1
FALSE (0) REAL_IN2
3.22.11.3 Signals
Table 336: SWITCHR Input signals
Name Type Default Description
CTL_SW BOOLEAN 0 Control Switch
REAL_IN1 FLOAT32 0 Real input value 1
REAL_IN2 FLOAT32 0 Real input value 2
Table 337: SWITCHR Output signals
Name Type Description
REAL_OUT FLOAT32 Real switch output
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3.22.12 Integer 32-bit switch selector SWITCHI32
3.22.12.1 Function block
' switcH2 @)
e CTL_SW INT32_ OUTe
@ INT32_IN1
‘- INT32_IN2
Figure 187: Function block
3.22.12.2 Functionality
The integer 32-bit switch selector function SWITCHI32 is operated by the CTL sSw
input, which selects the output value INT32 OUT between the INT32 IN1 and
INT32 IN2 inputs.
Table 338: SWITCHI32
CTL_SW value INT_OUT value
FALSE (0) INT32_IN1
TRUE (1) INT32_IN2
3.22.12.3 Signals
Table 339: SWITCHI32 Input signals
Name Type Default Description
CTL_SW BOOLEAN 0 Control Switch
INT_IN1 INT32 0 Integer input value 1
INT_IN2 INT32 0 Integer input value 2
Table 340: SWITCHI32 Output signals
Name Type Description
INT_OUT INT32 Integer switch output
3.23 Factory settings restoration
In case of configuration data loss or any other file system error that prevents the
protection relay from working properly, the whole file system can be restored to
the original factory state. All default settings and configuration files stored in the
factory are restored. For further information on restoring factory settings, see the
operation manual.
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3.24 Load profile LDPRLRC (ANSI LOADPROF)

3.24.1 Identification

Function description IEC 61850 IEC 60617 ANSI/IEEE C37.2
identification identification device number

Load profile recorder LDPRLRC LOADPROF LOADPROF

3.24.2 Function block

LDPRLRC1 ij

® RSTMEM MEM_WARNe
® IN_DMD1 MEM_ALARMe
e [N_DMD2
o IN_DMD3
e IN_DMD4
e IN_DMD5
® IN_DMD&
o IN_DMD7
® IN_DMDS
e IN_DMD9
® IN_DMD10
o IN_DMD11
e IN_DMD12

Figure 188: Function block

3.24.3 Functionality

The protection relay is provided with a load profile recorder. The load profile feature
stores the historical load data captured at a periodical time interval (demand
interval). Up to 12 load quantities can be selected for recording and storing in a
nonvolatile memory. The value range for the recorded load quantities is about eight
times the nominal value, and values higher than that saturate. The recording time
depends on a settable demand interval parameter and the amount of quantities
selected. The record output is in the COMTRADE format.

3.24.3.1 Quantities

Table 341: Signals supported by the load profile recorder

Function Signal Description

CMMXU |_DMD_A Demand value of IL1 current
|_DMD_B Demand value of IL2 current
I_DMD_C Demand value of IL3 current

Table continues on the next page
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Function Signal Description

PEMMXU S_DMD Demand value of apparent power
P_DMD Demand value of active power
Q_DMD Demand value of reactive power
PF_DMD Demand value of power factor

RESCMMXU I_DMD_RES Demand value of residual current

VMMXU U_DMD_AB Demand value of U12 voltage
U_DMD_BC Demand value of U23 voltage
U_DMD_CA Demand value of U31 voltage
U_DMD_A Demand value of UL1 voltage
U_DMD_B Demand value of UL2 voltage
U_DMD_C Demand value of UL3 voltage

RESVMMXU U_DMD_RES Demand value of residual voltage

VAMMXU U_DMD Demand value of phase voltage

If the data source for the selected quantity is removed, for example, with
Application Configuration in PCM600, the load profile recorder stops
recording it and the previously collected data are cleared.

3.24.3.2 Length of record
The recording capability is about 7.4 years when one quantity is recorded and
the demand interval is set to 180 minutes. The recording time scales down
proportionally when a shorter demand time is selected or more quantities are
recorded. The recording lengths in days with different settings used are presented
in Table 342. When the recording buffer is fully occupied, the oldest data are
overwritten by the newest data.
Table 342: Recording capability in days with different settings
Demand interval
1 5 10 15 30 60 180
minute | minutes | minutes | minutes | minutes | minutes | minutes
Amount of
quantities Recording capability in days
1 15.2 75.8 151.6 227.4 4549 909.7 2729.2
2 11.4 56.9 1137 170.6 3411 682.3 2046.9
Table continues on the next page
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Demand interval
3 9.1 45.5 91.0 136.5 272.9 545.8 16375
4 76 37.9 75.8 1137 2274 454.9 1364.6
5 6.5 32.5 65.0 975 194.9 389.9 1169.6
6 57 28.4 56.9 85.3 170.6 3411 1023.4
7 5.1 25.3 50.5 75.8 151.6 303.2 909.7
8 45 227 45.5 68.2 136.5 272.9 818.8
9 4.1 207 41.4 62.0 124.1 248.1 744.3
10 3.8 19.0 37.9 56.9 1137 2274 682.3
1 35 17.5 35.0 52.5 105.0 209.9 629.8
12 3.2 16.2 325 487 975 194.9 584.8
3.24.33 Uploading of record

The protection relay stores the load profile COMTRADE files to the
C:\LDP\COMTRADE folder. The files can be uploaded with the PCM600 tool or any
appropriate computer software that can access the C:\LDP\COMTRADE folder.

The load profile record consists of two COMTRADE file types: the configuration file
(.CFG) and the data file (.DAT). The file name is same for both file types.

To ensure that both the uploaded file types are generated from the same data
content, the files need to be uploaded successively. Once either of the files is
uploaded, the recording buffer is halted to give time to upload the other file.

Data content of the load profile record is sequentially updated. Therefore,
the size attribute for both COMTRADE files is "0".

IP number of the IED: Static postfix:
192 . 168 . 10 . 187 | | LD P 1
H i [T o= I__________‘
\ 4 A\ 4
Hexadecimal
representation
\
File names: ;---\ ----- B B I

OABBLDPI1.CFG

OABBLDPI1 .DAT

Figure 189: Load profile record file naming
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3.24.34

3.244

3.24.5

Clearing of record

The load profile record can be cleared with Reset load profile rec via HMI,
communication or the ACT input in PCM600. Clearing of the record is allowed only
on the engineer and administrator authorization levels.

The load profile record is automatically cleared if the quantity selection parameters
are changed or any other parameter which affects the content of the COMTRADE
configuration file is changed. Also, if data source for selected quantity is removed,
for example, with ACT, the load profile recorder stops recording and previously
collected data are cleared.

Configuration

The load profile record can be configured with the PCM600 or any tool supporting
the IEC 61850 standard.

The load profile record can be enabled or disabled with the Operation setting under
the Configuration/Load Profile Record menu.

Any demand output can be connected to any of the quantity channels of the load
profile record. The mapping is done in Application Configuration in PCM600.

VMMXU1 i

UTVTRI[1]_U3PS»———

s U3P
» BLOCK

HIGH_ALARM
HIGH_WARN
LOW_WARN
LOW_ALARM
U_INST_AB
U_INST_BC:
U_INST_CA:
U_INST_Ad
U_INST_B
U_INST_C
U_DMD_AB
U_DMD_BC:
U_DMD_ChA:

LDPRLRC1

» RSTMEM

IN_DMD1

IN_DMD2

U_DMD_A

mySourc:
U_DMD_B

o—

U_DMD_C

O.34[T 5[0

myDemand
IN_DMD3
s IN_DMD4
o IN_DMD5
o IN_DMD6E
s IN_DMD7
o IN_DMD8
o IN_DMD9
» IN_DMD10
» IN_DMD11
» IN_DMD12

MEM_WARN

MEM_ALARM

O.35[T 5|1

Figure 190: Example of a load profile record ACT configuration

The memory consumption of load profile record is supervised, and indicated

with two signals MEM WARN and MEM ALARM, which could be used to notify the
customer that recording should be backlogged by reading the recorded data from
the protection relay. The levels for MEM_WARN and MEM_ALARM are set by two
parameters Mem.warn leveland Mem. Alarm level.

The IP number of the protection relay and the content of the Bay
name setting are both included in the COMTRADE configuration file for
identification purposes.

Signals
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3.24.5.1 LDPRLRC Output signals
Table 343: LDPRLRC Output signals
Name Type Description
MEM_WARN BOOLEAN Recording memory warning
status
MEM_ALARM BOOLEAN Recording memory alarm sta-
tus
3.24.6 LDPRLRC Settings
Table 344: LDPRLRC Non group settings (Basic)
Parameter Values (Range) Unit Step Default Description
Operation 1=on 1=on Operation Off / On
5=off
Mem. warning level | 0...100 % 1 0 Set memory warn-
ing level
Mem. alarm level 0...100 % 1 0 Set memory alarm
level

3.24.7

LDPRLRC Monitored data

Table 345: LDPRLRC Monitored data

Name

Type

Values (Range)

Unit

Description

Rec. memory used

INT32

0...100

%

How much recording
memory is currently
used

3.25

3.25.1

Ethernet channel supervision functions

The protection relay offers a bandwidth rate limiting functionality to limit the
Ethernet/TCP network traffic. The main purpose of this feature is the possibility
to divide network segments for different multicast frame types and also to

limit the network congestion and traffic towards the protection relay processing
during network attacks (such as a Denial of Service attack) or in case of network

configuration issues.

See the cyber security deployment guideline for the Ethernet filter and rate limiter

functionality.

Redundant Ethernet channel supervision RCHLCCH
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3.25.1.1 Function block
RCHLCCH]1 £|
CHLIV_Ae
REDCH