APPLICATION

Line differential communication and
binary signal transmission

‘ PROTLEC I\

DocCuMENT ID: PP-13-20511
VERSION: 2.0

PROTECTION, AUTOMATION AND
2023-08-31, BUDAPEST CONTROL FOR POWER INDUSTRY




VERSION INFORMATION

VERSION INFORMATION

VERSION DATE MODIFICATION COMPILED BY

1.0 2012-02-23 | Preliminary release Budenszki

11 2012-12-10 | Internal circulation Budenszki

1.2 2013-10-07 | Internal circulation Buden:szkl,

Csordas

Extended with G703, redundant, ring configurations. Kazai

1.3 2014-06-18 | Parametrization examples and configurating S

Lo ! Budenszki

guidelines included

14 2019-11-29 100Base-FX redundancy (Chapter 5.2) Tx/Rx VLAN Erdés
recommended parameters updated
New format, general update

20 2023-08-31 2.048Mbit/s (E1/T1) Nx64kbit/s interface option Erdés, Papik

update
C37.94 option removed

2 | Line Differential Communication Application Guide

_ www.protecta.hu



CONTENTS

CONTENTS
1 [0 o [N T3 o] o L PP UPPRTPRR 4
1.1 Setting of the VLAN ParameEterS.......ccciiiiiiiiiie e i e ciiiiie e e e s s stee e e e e e s staare e e e e e s e s enneaneees 4
2 Peer-to-peer COMMUINMICALION ........oiiiiiiiii ittt e et e et e e e e snnneeeeaaes 5
2.1 [T =T ox B 11 ] PSR SP 5
2.2 Via LAN/TEIECOM NEIWOIK ....ccoiiiieeiiiiie ettt ettt e e e 6
3 ][ Y1 =Y o] o] o= 11T o ISR 7
4 Line differential communication via telecom NetWOrks ..........ccoocoiiieeiiieii i, 9
4.1  Communication via G.703 64kbit/s co-directional interface (EO) ..........ccccvevvvveverninnnen. 9
4.2 Communication via 2.048Mbit/s (E1/T1) Nx64kbit/s interface ..........cccceeccvveveeeeeiiiinnns 10
5 Redundant line differential CoOmmMUNICALION............cooiiiiiiiiiiiie e 11
51 G.703 and 100Base-FX redUNAANCY .........cccoiuiiieiiiiieeaiiiie et 11
5.2 100BaSE-FX rEAUNUANCY .......uuviieiiiiiie ittt ettt ettt e et e e 12
Three terminal line differential cCoOmMMUNICALION ........c..coiiiiiiiiiiiiie e 13
2-ends line differential communication with three terminalS..........cccccoovcvie e, 15
7.1 Y22 L = L | 0 USSR 15
7.2 RV 2= L = 1 | USRS 17
S T £ - 1 0| S T PSPPSR 18
8 Remote binary signal tranSmMiSSION..........cciiiiiiiiiir e e e r e e e e e e eanes 20
8.1 Direct link COMMUNICATION .......eiiiieiiiiiiiiiie e e e e e s e sneenee s 20
8.2 Three or more terminals binary signal tranSMISSION .........c.ccoiiiiiiiiiiiee e 21
9 Communication interface CharacCteriStiCS.........c.uuviiiiiiiii e 24
9.1 Ethernet multi-mode transmitter and reCeIVEr ..., 24
9.2 Ethernet single mode transmitter and reCeIVEr ...........oocviiiiiiiiiiniiee e 25
9.2.1 Long haul single mode tranSCeIVET ............cciiiiiiiiiiiiiiie e 25
9.2.2 Short haul single Mode traNSCRIVET .........oocuiiiiiiii e 25
9.3  G.703 64kbit/s co-directional interface (E0) ........ceeveiiiiiiiiiiiie e 26
9.4 2.048Mbit/s (EL/T1) NXBAKDIt/S INtErface ........ccccovviiiiieiiiiiiii e 27

3 | Line Differential Communication Application Guide

_ www.protecta.hu



INTRODUCTION

1 Introduction

This application guide is intended to explain different line differential protection communication
methods with EuroProt+ devices.

Basically, the line differential protection is carried out either on 100Base-Fx fiber channel or on a
serial HDLC-based channel. The communication protocol and the frame structure in Ethernet
case is relies on the IEC61850-9-2LE specification but the required bandwidth is approximately
1.5Mbit/s and some proprietary frame fields were introduced. The data communication layer
utilizes VLANSs as identification.

1.1 Setting of the VLAN parameters

During user parametrization of the sending and receiving VLANs, VLAN priority and multicast
address need to be set. The priority parameter matters only in case of telecom network with
managed switches/routers are between the devices. Priority handling in the switch ensures time
critical frames to be sent In time to its final destination. Direct fiber link application does not care
about this parameter.
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PEER-TO-PEER
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2 Peer-to-peer communication

2.1 Direct link

In case dark fiber is available between two substations, peer-to-peer communication mode is
recommended with the following properties:

e Short-haul applications limited to 2km: multimode fiber,

e Short-haul application up to 27dB line attenuation (50km in practice): single mode fiber

e Long-haul applications up to 35dB line attenuation (100-120km in practice): single mode
1550nm fiber.

“COM1Dir: 1Dir. Communication module” (previously “CPUEth: CPU LDC module”) and
“DIFF87L” functions must be in the configuration.
CPU labels are seen below are samples only. Other types of CPU modules can also be used.

oo o
w|  |EURQPROT v | EUROPROT
P i

100 BASE FX

Single mode fiber

Figure 2-1 Schema of the Direct link communication

Table 2-1 Communication parameters of Direct link communication

COMMUNICATION PARAMETERS COMMENT
Transmit VLAN ID
Tx VLAN (1-4096) Default values are: device 1:1
device 2:2
Receive VLAN ID
Rx VLAN Default values are: device 1:2
device 2:1
Priority (0-7) VLAN priority (Default value is 4)
Multicast address (0 - 65535) VLAN multicast address (Default value is 1)
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PEER-TO-PEER

COMMUNICATION

2.2 Via LAN/Telecom network

“COM1Dir: 1Dir. Communication module” (previously “CPUEth: CPU LDC module”) and
“DIFF87L” functions must be in the configuration.
CPU labels are seen below are samples only. Other types of CPU modules can also be used.

mE o
® ®
we| |EUROPROT + w| |EUROPROT 4
it /5T| A/ ST|
® ®
TELECOM
100 BASE FX HETORR

Multi mode fiber

Figure 2-2 Schema of the communication via LAN/Telecom network

Table 2-2 Communication parameters of the communication via LAN/Telecom network

COMMUNICATION PARAMETERS COMMENT
Transmit VLAN ID
Tx VLAN (1-4096) Default values are: device 1:1
device 2:2
Receive VLAN ID
Rx VLAN Default values are: device 1:2
device 2:1
Priority (0-7) VLAN priority (Default value is 4)
Multicast address (0 - 65535) VLAN multicast address (Default value is 1)
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PILOT WIRE APPLICATION

3 Pilot wire application

Pilot wire application allows protection devices to communicate with each other via traditional
copper wire. The xDSL technology supports high speed and reliable communication channel
establishment via 2-8 wire copper lines. The EuroProt+ is connected to an industrial grade
Ethernet/SHDSL MODEM via an Ethernet 100Base-Fx interface.

“COM1Dir: 1Dir. Communication module” (previously “CPUEth: CPU LDC module”) and
“DIFF87L” functions must be in the configuration.
CPU labels are seen below are samples only. Other types of CPU modules can also be used.

v 57 —

5B H:)

w| |EUROPROT < w| |EUROPROT

I 57 57
| PR i
100 BASEFX - 100 BASE FX
Multi mode fiber Multi mode fiber

DSL MODEM DSL MODEM
2-wire upm to 8km

Figure 3-1 Schema of Pilot wire application

Table 3-1 Communication parameters of Pilot wire application

COMMUNICATION PARAMETERS COMMENT
Transmit VLAN ID
Tx VLAN (1-4096) Default values are: device 1:1
device 2:2
Receive VLAN ID
Rx VLAN Default values are: device 1:2
device 2:1
Priority (0-7) VLAN priority (Default value is 4)
Multicast address (0 - 65535) VLAN multicast address (Default value is 1)
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Table 3-2 SHDSL interface specification

Specification ITU-T G.991.2-G.shdsl, ITU-T G.991.2-

P G.shdsl.bis

Line Code TC-PAM16/32, Extended: TC-
PAM4/8/64/128

Impedance 135Q

. 13.5 (Annex A) or 14.5 (Annex B) dBm

Transmit Power @ 135Q

Number of Pairs l12o0r4

Bit Rate 192 to 5704kbit/s, Extended: 128 to
15232kbit/s
Max. 8km @ 0.8mm (AWG-20) wire

Distance Max. 6km @ 0.6mm (AWG-23) wire
Max. 4km @ 0.4mm (AWG-26) wire

Connector Type RJ-45, 8 pin

Overvoltage Protection ITU-T Rec. K.20/K.21

Wetting Current 2-4mA @ 47VDC

Table 3-3 Ethernet interface specification
. IEEE-802.3, VLAN IEEE-802.1Q, QoS

Standard: IEEE-802.1P

Data Rate 100Base-TX, Full/Half Duplex

!Sri\geerface/connector Type @ EuroProt+ Multi-mode 1310nm, ST connector

Isr;(t;zrface/connector Type @ MODEM SFP multi-mode 1310nm, LC connector
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4 Line differential communication via telecom
networks

4.1 Communication via G.703 64kbit/s co-directional interface
(EO)

The EuroProt+ device supports line differential communication via telecom networks using

G.703.1 64kbit/s co-directional interface type, that is synchronized to the network (timing slave).

This type of communication is performed via 2*2 wire isolated galvanic type interface. The

protection device is connected to a multiplexer or gateway which is responsible for protocol/speed
conversion.

“G70364k: G703 module” and “DIFF87L” functions must be in the configuration.

i o EURDERET + i ey EUROERGT +
/s 5]
B SB
Rl-45 R4S
otignal otignal
=51le.703.1 =516.703.1
=l TELECOM =k TELECOM
e

INTERFACE CARD INTERFACE CARD

G.703 G.703
64Kbps 64Kbps
CO-DIRINTERFACE CO-DIRINTERFACE
2x2 wire 2x2 wire
MULTIPLEXER UEEs L MULTIPLEXER
NETWORK

Figure 4-1 Schema of communication via G.703 64kbit/s co-directional interface

Table 4-1 Communication via G.703/64kbit/s communication parameters
COMMUNICATION PARAMETERS COMMENT

HDLC Adress (1-63) Default value is: 1
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4.2 Communication via 2.048Mbit/s (E1/T1) Nx64kbit/s interface

For availability please contact: sales@protecta.hu

EuroProt+ device supports line differential communication via telecom networks with G703/704
2.048Mbit/s interface (E1). Besides, E1 in European networks the T1 interface (1.54Mbit/s) in
America also available.

“G703E1: G703 module” function and “DIFF87L” functions must be in the configuration.

CPU module with LDC — BB SFP interface with dedicated SFP module (MiRICi-E1/T1 (Intelligent
Miniature Ethernet to E1/T1) by RAD) is mandatory hardware for this option.

EA EUROPROT - A EUROPROT <
5 G.703.1 95 G.703.1
[ E| TELECOM [ E| TELECOM
[_E| INTERFACE [_E| INTERFACE
MULTIPLEXER ulz-zgiely MULTIPLEXER
NETWORK

LDP — BB: Proprietary Process Bus for Line differential or Busbar communication

SFP: Small Form-factor Pluggable connector

Figure 4-2 Schema of communication via 2.048Mbit/s (E1/T1) Nx64kbit/s interface

Table 4-2 Communication via 2.048Mbit/s (EL/T1) Nx64kbit/s interface communication

parameters
COMMUNICATION PARAMETERS COMMENT
HDLC Adress (1-63) Default value is: 1
HDLC Speed (n x 64kbit/s, n: 1-31) Default value: 31
Start Timeslot (1-31) Default value: 1
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5 Redundant line differential communication

The data interchange over the two communication channels is carried out in parallel way which
enables hot standby operation. In case of single point of failure in one of the links, the algorithm
processes the data from the other link without switchover time.

5.1 G.703 and 100Base-FX redundancy

For availability please contact: sales@protecta.hu

Redundant communication also supported by EuroProt+. The high speed 100Base-FX link is
used as main channel and G.703.1 leased or dedicated line as backup link. An extra COM+1091
or COM+8091 card needs to be added to the configuration for this kind of redundancy.
“G70364k: G703 module” and “DIFF87L3” functions must be in the configuration.

Module labels on the are samples only; other types of COM modules can also be used.
The operation parameter of Line differential function must be “On Redu 2ends”.

100 BASE-FX up to 120km (SM) or up to 2km (MM)

CPL+ COMY CPU+ COMY

12m 1091 EUROPROT 1200 1091 EUROPROYT 4
M/ ST| ARA5T| ARSST| ARA/5T|
3B urie1| Main communication 5B uke1| Main communication
& 2 |channel & ® | channel
RJ-45 RJ-45

& ERErRERE
GHEHEE
EHEHEH

2 Holifolilel?

Redundant channel 3

Redundant channel

a

G.703 G.703
64kbps 64Kbps
CO-DIR INTERFACE CO-DIR INTERFACE
2X2 wire 2X2 wire
MULTIPLEXER ulzdsEeli MULTIPLEXER
NETWORK

Figure 5-1 Schema of the communication via G.703 and 100Base-FX redundancy

Table 5-1 G.703 and 100Base-FX redundancy communication parameters

COMMUNICATION PARAMETERS | COMMENT
Main communication parameters
Tx VLAN Default values are: dev!ce 1 2
device 2: 1
Rx VLAN Default values are: dev!ce 1 2
device 2: 1
Priority VLAN priority (Default value is 4)
Mcast Addr VLAN multicast address (Default value is 1)
Redundant communication parameters
HDLC Address (1-63) Default value is: 1
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5.2 100Base-FX redundancy

Both communication links are Ethernet 100Base-FX type and the connection type can be direct
link (dark fiber) and/or a service from a telecom operator. An extra COM+1101 or COM+8801 or
COM+9901 card needs to be added to the configuration for this kind of redundancy.

“COM2Dir: 2Dir. LD communication module” (previously “COM1101: COM1101 module”) and
“DIFF87L3: Line Differential” functions must be in the configuration.

Module labels on the are samples only; other types of COM modules can also be used.

The operation parameter of Line differential function must be “On Redu 2ends”.

Ethernet 100Base-FX

CPUT ot cPUr o+
1200 9301 1200 3901
/ST e . %ﬂ spn
B UNEL & UNEL
® S & Ly

M EH M SH

FCPC Fere

RJ-45 @ Rl-d5 @
LRE2 LINE 2

EUROQPRROT == EUROQPRPROT =

Figure 5-2 Schema of the communication via fiber optic cable with 100Base-FX
redundancy

Table 5-2 100Base-FX redundancy communication parameters

COMMUNICATION PARAMETERS COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel devicel: 1
device2: 2
. ) ) devicel: 2
Rx VLAN Linel Receive VLAN ID for Linel device?2: 1
Priority Linel Linel VLAN priority 4
Multicast Address Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 devicel: 3
device2: 4
Rx VLAN Line2 Receive VLAN ID for Line2 devicel: 4
device2: 3
Priority Line2 Line2 VLAN priority 4
Multicast Address Line2 Line2 VLAN multicast address | 1
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6 Three terminal line differential communication

With an additional communication card, the EuroProt+ device allows three terminal line differential
communication between protections. The communication channel in this case is Ethernet
100Base-Fx. The three terminal line differential protection scheme can tolerate the link failure of
one of the three communication channels between the devices.

“COM2Dir: 2Dir. LD communication module” (previously “COM1101: COM1101 module”) and
“DIFF87L3: Line Differential” functions must be in the configuration.

Module labels on the picture are samples only; other types of COM modules can also be used.
The operation parameter of Line differential function have to be “On 3ends.

Ethernet 100Base-FX

Device 1 Device 2

CPU+ Com+ CPU+ COM-
1201 5901 1201 9001
/5T Swase MG%ST spasH
& LINEL 5B UINE 1
® ohy ® &
SMSH ShSH
FCPC FCPC

RI-45 D) RJ-45
urEz| LIKE 2
< >

Ly Ja) ]
—~ / 1
Substation A Substation B
Device 3
CPU+ COM+
1201 9901
anys] T
5B LINEL
& —
SM SH
@
RJ-45
LIME 2
«
Substation C ()
e o EURQPROT <

Figure 6-1 Schema of three line diff. communication

Table 6-1 Parameters of device 1

COMMUNICATION PARAMETERS | COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 1
Rx VLAN Linel Receive VLAN ID for Linel 2
Priority Linel Linel VLAN priority 4
Multicast Address Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 1
Rx VLAN Line2 Receive VLAN ID for Line2 3
Priority Line2 Line2 VLAN priority 4
Multicast Address Line2 Line2 VLAN multicast address | 1

Table 6-2 Parameters of device 2
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COMMUNICATION PARAMETERS COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 2
Rx VLAN Linel Receive VLAN ID for Linel 1
Priority Linel Linel VLAN priority 4
Multicast Address Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 2
Rx VLAN Line2 Receive VLAN ID for Line2 3
Priority Line2 Line2 VLAN priority 4
Multicast Address Line2 Line2 VLAN multicast address | 1
Table 6-3 Parameters of device 3
COMMUNICATION PARAMETERS | COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 3
Rx VLAN Linel Receive VLAN ID for Linel 1
Priority Linel Linel VLAN priority 4
Multicast Address Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 3
Rx VLAN Line2 Receive VLAN ID for Line2 2
Priority Line2 Line2 VLAN priority 4
Multicast Address Line2 Line2 VLAN multicast address | 1
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7 2-ends line differential communication with three
terminals

Normally there are three terminals in T-branch topology.

If one of three circuit breakers is switched off and the terminal in that bay is working, the
customer/user does not need to do anything.

If one of three circuit breakers is switched off and the terminal in that bay is not working, the “Map
L2 to L1” must be chosen in some cases. This setting depends on the fiber optic connection of
terminals. Mapping means redirecting measured analogue values from Connector2 to
Connectorl in communication module. This behavior is necessary for the correct calculation of
differential current in line differential function.

You can see the different situations below.

“COM2Dir: 2Dir. LD communication module” (previously “COM1101: COM1101 module”) and
“DIFF87L3: Line Differential” functions must be in the configuration

COM module labels are on the picture are samples only, other COM modules can also be used.
The operation parameter of Line differential function must be “On 2ends”.

7.1 Variant 1
Ethernet 100Base-FX
Device 1 Device 2
Ea [con | En [com |
ﬂ 9901 ﬁ 9901
g 5T) N 5T S
B LINEL P SB L@l
@ SFg:;?S)cH - @ +SFN:C;?CH
LT N 1 T e ————— - RJ-45 —
leh ______ 1 1I [ I-’Uz
| I
| I | I
|
» I
L | || P I
I\_/ | I N/ 1
Substation A | | | Substation B
B N B -7
E |—I B I i
I%ﬂ L I—M | : [
SB LINET I
1©0 =?e | |
RJ-45 F&:)C — — — J
I UNEQ‘ - J I
' |
swstaionc () |
i o |_ I ]

Figure 7-1 Schema of 2 ends line diff. communication with three terminals, variant 1
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Table 7-1 Parameters of device 1

2-ENDS LINE

DIFFERENTIAL
COMMUNICATION WITH

COMMUNICATION PARAMETERS COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 1
Rx VLAN Linel Receive VLAN ID for Linel 2
Priority Linel Linel VLAN priority 4
Mcast Addr Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 1
Rx VLAN Line2 Receive VLAN ID for Line2 3
Priority Line2 Line2 VLAN priority 4
Mcast Addr Line2 Line2 VLAN multicast address | 1
Map L2to L1 Mapping the analogue values No
Table 7-2 Parameters of device 2

COMMUNICATION PARAMETERS | COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 1
Rx VLAN Linel Receive VLAN ID for Linel 2
Priority Linel Linel VLAN priority 4
Mcast Addr Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 2
Rx VLAN Line2 Receive VLAN ID for Line2 3
Priority Line2 Line2 VLAN priority 4
Mcast Addr Line2 Line2 VLAN multicast address | 1
Map L2 to L1 Mapping the analogue values No
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Device 1 I Device 2
| 1201 | 9901 1200 I 53501
/ST) e l I 1AST] n e I
5B LINEL o = 4 I @ LIMEL I
= R h — H
@ sggn I @ SM SH I
FCFC FEFC
RJ-45 @ IRJJJS o
LI 2 < > LINE2 I
! |
! |
EUROPROT <= I EUROPRROT -
— = — _
Ly i |
-y \_/_ 1
Substation A Substation B

Substation C ()

Device 3

CO
1200 9901

M SH
/ST] FCFC

B LINEL

SMEH
FCPC

()
L\2

EUROP

ROT =~

Figure 7-2 Schema of 2 ends line diff. communication with three terminals, variant 2

Table 7-3 Parameters of device 1

COMMUNICATION PARAMETERS | COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 1

Rx VLAN Linel Receive VLAN ID for Linel 2
Priority Linel Linel VLAN priority 4
Mcast Addr Linel Linel VLAN multicast address | 1

Tx VLAN Line2 Transmit VLAN ID for Line2 1

Rx VLAN Line2 Receive VLAN ID for Line2 3
Priority Line2 Line2 VLAN priority 4
Mcast Addr Line2 Line2 VLAN multicast address | 1

Map L2to L1 Mapping the analogue values Yes

Table 7-4 Parameters of device 3

COMMUNICATION PARAMETERS | COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 3

Rx VLAN Linel Receive VLAN ID for Linel 1
Priority Linel Linel VLAN priority 4
Mcast Addr Linel Linel VLAN multicast address | 1
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Tx VLAN Line2 Transmit VLAN ID for Line2 3
Rx VLAN Line2 Receive VLAN ID for Line2 2
Priority Line2 Line2 VLAN priority 4
Mcast Addr Line2 Line2 VLAN multicast address | 1
Map L2to L1 Mapping the analogue values No
7.3 Variant 3
Ethernet 100Base-FX
r-—-—=—=-=-=-=-== =
________ 1
Device! o I_ Ir_ o I I Device 2
FI . HEh
| SH ‘_ = I @ s@u
RJ-45 FCG:)C _______ R-45 — =
| UNEQ‘_ _____ LI -I _ LINE 2
! 1
| il
|
- l__ =T | |
L
Ly | . 7N ]
_ | \_/
Substation A I Substation B
Device 3

Substation C ()

I COl
2201

S EH
FCFC

— —
SB LINEL
x

S EH
FCFC

)
Uz

EUROPROT <

Figure 7-3 Schema of 2 ends line diff. communication with three terminals, variant 3

Table 7-5 Parameters of device 2

COMMUNICATION PARAMETERS | COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 2

Rx VLAN Linel Receive VLAN ID for Linel 1
Priority Linel Linel VLAN priority 4
Mcast Addr Linel Linel VLAN multicast address | 1

Tx VLAN Line2 Transmit VLAN ID for Line2 2

Rx VLAN Line2 Receive VLAN ID for Line2 3
Priority Line2 Line2 VLAN priority 4
Mcast Addr Line2 Line2 VLAN multicast address | 1

Map L2 to L1 Mapping the analogue values Yes
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Table 7-6 Parameters of device 3

COMMUNICATION PARAMETERS COMMENT VALUES
Tx VLAN Linel Transmit VLAN ID for Linel 3

Rx VLAN Linel Receive VLAN ID for Linel 1
Priority Linel Linel VLAN priority 4
Mcast Addr Linel Linel VLAN multicast address | 1

Tx VLAN Line2 Transmit VLAN ID for Line2 3

Rx VLAN Line2 Receive VLAN ID for Line2 2
Priority Line2 Line2 VLAN priority 4
Mcast Addr Line2 Line2 VLAN multicast address | 1

Map L2to L1 Mapping the analogue values | Yes

Line differential mode:
2leg

Line differential
function

Device A

Device B Device C

Line differential
function
uonouny

[enusJsjip aul

Figure 7-4 Communication schema of 2 ends line diff. used on 3 terminals
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8 Remote binary signal transmission

8.1 Direct link communication

In case of a dark fiber is available between two substations or between two devices at the
substation the peer-to-peer communication mode is recommended. For short-haul applications,
that is limited to 2km the multi-mode fiber or up to 50km single mode 1550nm fiber can be used.
Long-haul applications up to 35dB line attenuation, that is 100-120km in practice, the single mode
1550nm fiber can be used.

“COM1Dir: 1Dir. Communication module” (previously “CPUEth: CPU LDC module”) and
“REMBIN1: 16Ch Binary signal transmission” functions must be in the configuration.

The “REMBIN1: 16Ch Binary signal transmission” function block can send and receive 16 signals
which is to be configured in the Logic Editor of the EuroCAP tool.

If more than 16 signals transmission is needed, one ,REMBIN1_16Add: 16Ch additional binary
signal transm.” function block can be used in the configuration. This shall be added to the user
logic as well.

Maximum number of transferable signals is 32.

E Ea
1281 | 1281 |
/5T 5T
@
5B 58
R ()
v | EURQPROT 4 v | EUROPROT 4
@ @
[ Fe
100 BASE FX

Short-haul or long-haul line

Figure 8-1 Schema of the direct link communication for rem. bin. transmission

Table 8-1 Communication parameters of direct link communication for rem. bin.
transmission

COMMUNICATION PARAMETERS COMMENT
Transmit VLAN ID
Tx VLAN (1-4096) Default values are: device 1:1
device 2:2
Receive VLAN ID
Rx VLAN Default values are: device 1:2
device 2:1
Priority (0-7) VLAN priority (Default value is 4)
Multicast (0 - 65535) VLAN multicast address (Default value is 1)
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8.2 Three or more terminals binary signal transmission

In some special applications, signals are to be transferred among many devices either in ring or
in meshed network topology within or between substations. A four devices example is below.

“COM3Dir: 2 or 3Dir. bin. signal transm. module” and “REMBINS3: 3Dir. binary signal transmission”
functions must be in the configuration.

In case of 2 directional use (e.g. if COM+/9902 is used), all Grl statuses of third direction shall be
hidden and all I/Os of third direction shall be deleted from FB in configuration. TX, RX parameters
of Line 3 shall be set to different values than other communications (e.g. 3127) and hidden in
COMMS3Dir function block.

The “REMBIN3” function block can send and receive in 3 directions 10-10-9 signals which can be
configured in the Logic Editor of EuroCAP tool.

The COM module labels on the picture are samples only, other types of COM modules also can
be used.

Note that the third connector/direction of communication module in Device 1 and Device 4 has no
connection to anywhere, communication failure in direction 3 is generated in this case.

These two devices (1 and 4) can connect if binary signal transmission is necessary between them.
Topology can be expanded with additional devices which can connected to Device 1, Device 4 or
both in this example.

Device 1
CRUw o — 100Base-FX Ethernet
1200 52 EUROPROT -
swsH
Rl /ST| FCrC .
Device 2
SB LINEL
[T cont S—
© SSBSH L0 sesz EUROPROT 4
FCPC
Ri45 [ anays1| e
utit> ®
SB LNET
EM EH @ @
FCFC SMEH
FCPC
Ri-45
LINE 3 )
LIKE 2
SM SH
FCFC
s || ME 3
Device 3
Pl COM e —
1200 952 EUROPROT <
51| 5 Device 4
B b LIE 1 CPU* oM+ [——
=) &) 1201 9952 EUROQPROT €
spsH /S| SR
Ri-45 @ ()
D LIE 2 5B e LINE 1
R L
@ RJ-35
LINE 3 U1
Sh SH
FCPC

LINE3

Figure 8-2 Schema of the multi-terminal communication for rem. bin. transmission
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Table 8-2 Communication parameters of Device 1

SAOR'\TL'\:AUE'\:ERASTION COMMENT VALUES
Priority VLAN priority 4

Tx VLAN Linel Transmit VLAN ID for Linel 1

Rx VLAN Linel Receive VLAN ID for Linel 2

Mcast Addr Linel Linel VLAN multicast address | 1

Tx VLAN Line2 Transmit VLAN ID for Line2 1

Rx VLAN Line2 Receive VLAN ID for Line2 3

Mcast Addr Line2 Line2 VLAN multicast address | 1

Parameters of Line 3 are hidden if COM+/9902 is used

Tx VLAN Line3 Transmit VLAN ID for Line3 1

Rx VLAN Line3 Receive VLAN ID for Line3 5;‘(:;?2:;23"; ‘;t\?:r; devices
Mcast Addr Line3 Line3 VLAN multicast address | 1

Table 8-3 Communication parameters of Device 2

Sf&“fwlg'g:sﬂo'\‘ COMMENT VALUES
Priority VLAN priority 4
Tx VLAN Linel Transmit VLAN ID for Linel 2
Rx VLAN Linel Receive VLAN ID for Linel 1
Mcast Addr Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 2
Rx VLAN Line2 Receive VLAN ID for Line2 3
Mcast Addr Line2 Line2 VLAN multicast address | 1
Tx VLAN Line3 Transmit VLAN ID for Line3 2
Rx VLAN Line3 Receive VLAN ID for Line3 4
Mcast Addr Line3 Line3 VLAN multicast address | 1
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Table 8-4 Communication parameters of Device 3

TRANSMISSION

COMMUNICATION

A ETERS COMMENT VALUES
Priority VLAN priority 4
Tx VLAN Linel Transmit VLAN ID for Linel 3
Rx VLAN Linel Receive VLAN ID for Linel 1
Mcast Addr Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 3
Rx VLAN Line2 Receive VLAN ID for Line2 2
Mcast Addr Line2 Line2 VLAN multicast address | 1
Tx VLAN Line3 Transmit VLAN ID for Line3 3
Rx VLAN Line3 Receive VLAN ID for Line3 4
Mcast Addr Line3 Line3 VLAN multicast address | 1
Table 8-5 Communication parameters of Device 4
ICD::RI\TIA’\:\IALIJE’\':'IERAJION COMMENT VALUES
Priority VLAN priority 4
Tx VLAN Linel Transmit VLAN ID for Linel 4
Rx VLAN Linel Receive VLAN ID for Linel 2
Mcast Addr Linel Linel VLAN multicast address | 1
Tx VLAN Line2 Transmit VLAN ID for Line2 4
Rx VLAN Line2 Receive VLAN ID for Line2 3
Mcast Addr Line2 Line2 VLAN multicast address | 1

Parameters

of Line 3 are hidden if COM+/9902 is used

Tx VLAN Line3

Transmit VLAN ID for Line3

4

Rx VLAN Line3

Receive VLAN ID for Line3

Different than other

parameters in every device

Mcast Addr Line3

Line3 VLAN multicast address

1
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9 Communication interface characteristics

9.1 Ethernet multi-mode transmitter and receiver
This interface is for applications up to approximately 2 km.

Table 9-1 Parameters of the Transmitter

PARAMETER SYMBOL MIN. Typ. MAX. UNIT
Optical Output Power 62.5/125 um, -19 )
NA=0.275 fiber Po 20 14 dBmavg
Optical Output Power 50/125 um, -22.5 14 dBm av
NA=0.20 fiber Po -235 J
: . . 10 %
Optical Extinction Ratio -10 dB
Center Wavelength Ac 1270 1308 1380 nm

The receiver sensitivity is measured with 222 — 1 PRBS pattern within BER = 2.5 x 10-10.

Table 9-2 Parameters of the Receiver

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Signal Detect — Asserted Pa -33 dBm avg.
Signal Detect - Deasserted Pd dBm avg.
Signal Detect - Hysteresis Pa-Pd dB
Signal Detect Assert Time (off to on) | AS_Max 2 100 s
?fifg;nal Detect Deassert Time (on to ANS_ Max 8 350 us
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9.2 Ethernet single mode transmitter and receiver

9.2.1 Long haul single mode transceiver
This interface is for applications up to approximately 120 km, with max. 32 dB link attenuation.

Table 9-3 Parameters of the Transmitter

PARAMETER SymMBOL MIN. TYP. MAX. UNIT
Optical Output Power (avg.) Po -6 0 dBm
Extinction Ratio ER 8.3 dB
Optical Wavelength A 1490 | 1550 |1610 | Nm

Table 9-4 Parameters of the Receiver

PARAMETER SYmMBOL MIN. Tvp. MAX. UNIT
Optical Input Sensitivity (avg.) Pin -38 -35 dBm
Saturation Psat -3 0 dBm
Optical Wavelength A 1100 1600 | nm
Signal Detect Asserted (avg.) Pa -35 dBm
Signal Detected Deasserted (avg.) Pg -45 dBm
Hysteresis Phys 3 dB

9.2.2 Short haul single mode transceiver
This interface is for applications up to approximately 120 km, with max. 32 dB link attenuation.

Table 9-5 Parameters of the Transmitter

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Optical Output Power (avg.) Po -12 -6 dBm
Extinction Ratio ER 8.3 dB
Optical Wavelength Ac 1490 1550 1610 Nm
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Table 9-6 Parameters of the Receiver

PARAMETER SymMBOL MIN. TYP. MAX. UNIT
Optical Input Sensitivity (avg.) Pin -38 -35 dBm
Saturation Psat -3 0 dBm
Optical Wavelength A 1100 1600 | nm
Signal Detect Asserted (avg.) Pa -35 dBm
Signal Detected Deasserted (avg.) Pd -45 dBm
Hysteresis Phys 3 dB

9.3 G.703 64kbit/s co-directional interface (EO)

Interface type: G.703.1 64 kbit/s (EQ) co-directional, selectable grounding, with optional external
clock input.

Connector type

Receptacle Weidmdller S2L 3.50/12/90 F
Plug Weidmiiller B2L 3.50/12/180 F
Impedance 120 Q
Cable length 50m

Receiver

Loss of Signal Alarm Level +1.5 dB Difference Between Alarm-on and

Alarm-off

Dynamic Range 10 dB Maximum Cable Loss Range
Transmitter

Pair for each direction One symmetric pair

Test load impedance 120 Q resistive

Nominal peak voltage of a ,mark” (pulse) 10V

Peak voltage of a ,space” (no pulse) ov+0.10V

Nominal pulse width 3.9ms

Ratio of the amplitudes of
positive and negative pulses at the center of 0.951t0 1.05
the pulses interval

Ratio of the widths of
positive and negative pulses 0.951t0 1.05
at the nominal half amplitude

Maximum peak-to-peak jitter at the output port | Refer to clause 2/G.823
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9.4 2.048Mbit/s (E1/T1) Nx64kbit/s interface

MIRICi E1 interface

Number of Ports 1

Compliance G.703, G.704, G.775, G.823

Data Rate 2.048 Mbps

Line Code HDB3, AMI

Framing Framed (G.732.N, G.732.N CRC), unframed
Line Impedance 120w, balanced

Cable Length Up to 2500m (8202 ft) for AWG 22 cable
Connector RJ-45
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