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Chapter 1 - Introduction

1.1 General Information

This is technical information of design of V-PLC9000 the Universal
Power Line Carrier Communication System 9000 Series from Veesta
World Company for providing analogue and/or digital
telecommunication channels on HV power lines. This document
helps you to find technical specification and about how V-PLC9000
Series works and designed for your purpose.

In the continue you will see about VP-9PST device intended for
transmission of protection commands through voice grade channels
(from 300Hz to 3720Hz (3400Hz)) in command type teleprotection
systems.

1.2 Veesta World Co

Veesta World Co is a leading company in
@ automation field in Iran and specialized in
VEESTAWWORLD design and installation of IT Network of wide
area and local area, Automation control units, control rooms, DCS
design, PLC and SCADA application installation and system

integration. The main advantage of Veesta World's products is
complying international standards and do customs basic design.

Veesta World Co is a dynamic company located in the Tehran, IRAN,
whose main commitment is the customer’s satisfaction. Business
vision and its future evolution together with the proper combination of
new and existing technologies are the main aspects considered in
the solutions proposed by Veesta World Co. Owing to this, key
issues like Scalability, the Return of Investment or the Total Cost of
Ownership are carefully considered. Consequently, the solutions
offered by Veesta World Co are able to cope with the requirements of
a sustainable growth. Veesta World Co is a service-oriented
company and the customer perspective is its action guide. An added
value of the offer is the evaluation and Management of the risk. This
issue is getting a major relevance in the changing environment in
which new technologies have to be applied, particularly when
profitability is a major concern.
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The objective of Veesta World Co is focused on the creation of value
for the customer through the proper business strategy alignment and
the right combination of technologies. These principles, developed
under the Total Quality Management practice, allow Veesta World Co
to offer, in a seamless approach, consultancy, engineering and
training services. The founders of Veesta World Co are professionals
with a large experience in the Telecommunication and Networking
and Industrial fields. Veesta World Co is formed by a balanced team
of professionals that gather knowledge in a wide range of
technologies and specific know-how on how to apply these
technologies in mission-critical control networks.

1.3 Copyrights

All of documents and materials in related to this document and this
document are copyrights of Veesta World Co and it is not permitted
to use or transfer the contents to any other parties.

The Veesta World Co logo is registered trademark of Veesta World
Co and its properties.

VEESTA-"NUKRLD

Figure 1-1: Veesta World Co Logo and sign
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1.4 V-PLC9000 Series Hardware and Software Training

The training is disported into two stages one stage is include the
principle of Substation before install the system which last 1~3 days.
The other stage is in the laboratory after installation and debugging
of the products which last 1~2 days for workshop. During the whole
training, every day has 4 hours.

1.4.1 Curriculum Schedule Syllabus

Training items | Times Training contents Personnel attended
Alternation layer part Day System block diagrams Run maintenance personnel
(I/O boards) 1 System configuration System development personnel
collectivity introduce Function of adopted devices
Function introduce of Day Function introduce of network and Run maintenance personnel
network and 1 communication for system System development personnel
communication for introduce of inside network
Alternation layer part communication.

Introduce of every Day Introduce of hardware system Run maintenance personnel
I/O boards and 1 use and maintenance of every /O
network for boards and baby boards. System development personnel
Alternation layer part
Assembly and wiring Day Advert problem of locale connection Run maintenance personnel
part 2
Maintenance Day Introduce of locale/remote Run maintenance personnel
2 maintenance software for Alternation
layer part through use PC.
The problem of Day Combine maintenance software, Run maintenance personnel
notice 2 introduce of locale coefficient
intercalate, and notice the problem of
system running
Workshop Day In the workshop practice all of Run maintenance personnel
3~4 training program System development personnel

Table 1-1: V-PLC9000 Series Training Syllabus
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Chapter 2 - V-PLC9000 System Overview

2.1 PLC Technology

Secure and cost effective supply of electricity is basis of every
country's economy and of modern life generally. Complex power
supply systems are built for that purpose. Dependable operation and
supervision of such complex system is based on dependable and
technologically up-to-date subsystems. Reliable information flow
between sites of the power supply system (power plants, substations,
control centers etc.) on the same hierarchical level and between
hierarchical levels is of crucial importance for efficient control and
manages of power supply system in order to achieve dependable
and stable operation. The basis of reliable information flow is
powerful and dependable private telecommunication (TC) system,
which must be cost effective at the same time.

When building the private TC system standard TC technologies such
as radio links, cables (typically fiber optic), satellite communication
and others are used.

Specific TC technology used exclusively in Power Utility TC

systems is Power Line Carrier (or PLC for short). High Voltage

(HV) power lines are used as transmission media for

telecommunication signals. This results in some interesting

advantages:

= HV power lines form wide power transmission network connecting
almost all sites of power supply system. Power Ultility is the owner
of power transmission network. So there is no need to obtain
government approval or concession to use HV power lines as
telecommunication transmission media. Consequently, use of
transmission media is free of charge.

= Due to its important primary function of transmitting the energy,
HV power lines are well maintained therefore HV power lines are
reliable as TC transmission media as well.

= PLC links (especially analogue PLC channels) are highly
dependable even in adverse operating conditions; high
attenuation and low signal-to-noise ratio.

= In comparison with other TC technologies PLC links are cost
effective especially in applications where low number of TC
channels and specific TC services are required (Teleprotection
signaling, redundant transmission of information, last mile access
etc).
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Due to the above mentioned facts answer to the question of
usefulness of PLC in present times is “YES” in spite of the number of
powerful modern TC technologies. PLC links are used as cost
effective solution for dedicated communication services such as hot
point—to-point dispatcher speech links, Teleprotection signaling,
stand-by redundant telecommunication channels (redundancy on the
level of transmission media) and connection of end-point installations
of Power Ultility to the telecommunication backbone (last mile
access).

2.2 V-PLC9000 Family of Devices

V-PLC9000 Communication system is a family of devices intended
for realization of PLC links and telecommunication services.
Following devices are members of V-PLC9000 family:

= VP-O9UPT Universal PLC terminal

= VP-9ACT Analogue Channel Terminal

= VP-9PST-A Protection Signaling Terminal
Transmission in AF band

= VP-9NBM Narrow-Band FSK Modem

= VP-9COD-A, -B Coupling Device; versions A and B

= VP-9TRD Transit Device

2.2.1 VP-9UPT - Universal PLC Terminal

VP-9QUPT Universal PLC Terminal is intended for realization of PLC
links with analogue and/or digital PLC channels anywhere (full
programmability) within the extended HF frequency range from 20
kHz to 1,000 kHz, which may prove very useful in case of lack of free
frequency space. Each channel may have integrated protection
signaling function (transmission of protection commands) which
characteristics are the same as of VP-9PST-A device.

2.2.2 VP-9ACT - Analogue Channel Terminal

VP-9ACT Analogue Channel Terminal enables extension of
analogue PLC channels, multipurpose use of telecommunication
channels (e.g. simultaneous transmission of speech, protection
commands and standard or narrowband modem signals) and
isolated extension of telephone subscriber lines. It includes universal
(programmable) telephone interface, which ensures adaptability to
different application requirements.
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2.2.3 VP-9PST - Protection Signaling Terminal

VP-9PST Protection Signaling Terminal is intended for transmission
of up to six (6) protection commands in AF band (from 300Hz to
3720Hz) in different transmission schemes and using pure F6 FSK
modulation (only one single tone is transmitted at a time).

2.2.4 VP-9NBM - Narrow-Band FSK Modem

VP-9NBM Narrow-Band FSK Modem provides with fully transparent
transmission of asynchronous data using robust FSK modulation and
occupying relatively narrow part of AF band. Modem centre
frequency is fully programmable in the range from 300 Hz to 3720
Hz. Data transmission rates from 50 bits/s to 2400 bits/s are
supported (fully programmable).

2.2.5 VP-9COD - Coupling Device

VP-9COD Coupling Device allows PLC terminal(s) to be connected
to HV power line. Primary task of coupling device is impedance
matching between HV power line and the PLC terminal(s) enabling
maximization of the transmit signal power actually transmitted to the
transmission media. Important task of coupling device is protection of
PLC terminals and maintenance personal against high voltage of HV
power line.

2.2.6 VP-9TRD - Transit Device

VP-9TRD Transit Device serves to selectively transit PLC signals
between HV power lines.

2.3 V-PLC9000 Unified Technological Platform

V-PLC9000 Communication System apart from being a common
name for family of devices also signifies unified technological
platform on which all devices are designed upon. Elements of unified
platform are:

= standard 19-inch system in EMC version

= power supply system

= parametrising system

= diagnostic system

= technology
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All devices, members of V-PLC9000 Communication System
family, are built within the same mechanical system (19-inch rack)
and have same power supply modules. Parametrising and
supervision of all devices is performed through the same
parametrising and diagnostic system. This feature is important as it
lowers cost of spare parts and maintenance personnel training.

Devices VP-9COD-A, -B and VP-9TRD of course are exempted from
the unified platform rule as their function requires specific robust
design and specific technology and do not require power supply,
parametrising and diagnostics.

All V-PLC9000 devices are utterly programmable. Setting of majority
of parameters value is performed by Personal Computer (PC) locally
or remotely.

Construction of all devices is modular and very compact so more
independent devices can be built into the single 19-inch rack.

Modular construction and unified technology enables simple and fast
changes in equipment structure at any phase of equipment life cycle
as well as quick clearance of eventual faults.

Special care in design has been taken to achieve appropriate Electro
Magnetic Compatibility (EMC) of al devices, members of V-PLC9000
Communication System family.

Characteristics and construction of devices are in accordance with
the relevant standards such as:

= |EC 60495 (1993-09),
= |EC 60834-1 (1999-10),
= |EC 60481 (1974),

= |EC 61000-4-xx,

= |EC 61000-3-xx,

= |EC/EN 60950, etc.

,@, Page 13 of 40
VEESTAYGRLD

All rights reserved. Passing on and copying of this document, use and communication of its contents not permitted without written authorization.



V-PLC9000 Series Chapter 2 - V-PLC9000 System Overview
Veesta Universal PLC Communication System (aPLC+dPLC)
Technical Specification Manual, V1.5

24 V-PLC9000 Application

Location A Location B Location C
HV power line #1 | | HV power line #2
LT LT LT LT
= = [~ [~
mm CC CC mm mm CC CC mm
vp-9co§ |vp-ocon {vp-9TRD |vP-acon VP-9co§
I |
VP-9UPT| |VP-9UPT VP-9UPT| (VP-9UPT VP-9UPT| |VP-9UPT
link #3 link #1 link #1 link #2 link #2 link #3
U U U U U U
N )
Access to the aPLC and/or dPLC channels and to the integrated VP-9PST TPS function (option)
[ ] V-PLC9000 [ Other PLC Il Primary
PLC equipment equipment equipment

Figure 2-1: Building of the PLC links using V-PLC9000 Communication equipment

Figure 2-1 and Figure 2-2 show the application points of the
V-PLC9000 devices. Coupling devices VP-9COD and VP-9TRD
together with Coupling Capacitor are connecting PLC terminal(s) to
the HV power lines. VP-QUPT devices form PLC links with one or
more analogue and/or digital PLC channels. VP-9ACT device is used
to extend analogue PLC channel from location A to location D.
VP-9PST devices (integrated functions or self-standing devices) are
used to perform protection commands transmission through the
channels of PLC links.

VP-9NBM devices provide with data transmission in narrow part of
analogue PLC channel.
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Figure 2-2: Possible ways of aPLC in dPLC channels utilisation in V-PLC9000
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Chapter 3 - VP-9UPT, Universal PLC Terminal

3.1 VP-9UPT - Universality

Traditional PLC links offered telecommunication resources in form of
4 kHz wide analogue channels (gross). Modern trends in
telecommunications have also resulted in field of PLC
communications. Increased need for transmission of data,
development of quality algorithms for compressing of digitalized
speech and need to include PLC links into unified digital
communication transmission network have resulted in emerging of
digital PLC terminals or more precisely digital PLC channels. With
emerging of digital PLC links analogue PLC links however did not
loose their meaning. Analogue PLC channels are much more robust
due to its high resistance to adverse operational conditions and are
therefore suitable for realization of most important communication
services (such as point-to-point dispatcher speech link, transmission
of protection commands, redundant transmission of critical
information using two different transmission media etc.).

Less resistant digital PLC channels on the other hand offer relatively
high transmission capacity with regard to the frequency bandwidth
used (nx4kHz; n=1, 2, 3,4, ...).

Major part of PLC terminal is same regardless of the channel type
(analogue or digital). It is therefore sensible that the design of the
PLC terminal is universal. Universal PLC terminal provides
realization of analogue (aPLC) or digital (dPLC) channels or even
combination of both.

PLC terminal VP-QUPT is typical universal PLC terminal in the
market.
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3.2 VP-9UPT - Main Characteristics and Features

1- Universal design provides realization of analogue (aPLC) and/or
digital (dPLC) channels.

2- Full programmability without changing any hardware (modules)
Value of most parameters is settable by PC locally or remotely.

3- One-step modulation scheme enables simple production of
PLC terminals with different number and type of channels:

up to 6 aPLC channels or
1 dPLC channel or
aPLC channel(s) and 1 dPLC channel

4- Modular design enables optimal adjusting of the PLC terminal
hardware structure to specific needs of particular application.
User always buys only necessary hardware (modules). With
adding (or removal) of modules structure of PLC terminal can be
adjusted to new requirements: changing of number and type of
channels, aPLC channels version (»standard« or »speech-plus«),
output power (PEP), power supply source and possibility of later
integration or removal of TPS function.

5- Wide RF range of operation from 20 kHz to 1,000 kHz;
programmability without changing of hardware.

6- Compact design: Regardless of output power (10W, 20W, 40W
or 80W) and of number of channels, PLC terminal VP-QUPT
occupies standard 19 inch rack of 6U (266mm) height and
295mm depth.

7- Powerful diagnostic system generates lists of diagnostic data
(alarms, operational parameters, events) which enable
supervision of a device condition locally or remotely.

8- Modern technology: Intensive use of DSP (Digital Signal
Processing) and CPLD (Complex Programmable Logic Device).

9- Compliance with the relevant standards and
recommendations: |IEC 60495 (1993-09), document »Report on
Digital Power Line Carrier« (CIGRE WG 35.09, April 2000) and
relevant standards on EMC (IEC 61000-4-xx; Electro Magnetic
Compatibility) and safety.
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3.3 VP-9UPT - aPLC channel

Each aPLC channel is a telecommunication resource in a form of
usable AF band from 300 Hz to 3.720 kHz (4 kHz gross) intended for
a transmission of analogue signals, carrying information. aPLC
channels are very robust. They operate with sufficient dependability
even at adverse operational conditions (e.g. bad weather)
represented by high attenuation of transmission path and high level
of noise and interferences which result in low Signal-to-Noise ratio
(SNR) at the receiver input.

Two versions of aPLC channel are available: »standard« and
»speech-plus«. Interface of each »standard« aPLC channel
includes three (3) 4-wire analogue channel ports and input for control
signal »BOOST«. AF channel port #1 can perform transit function for
analogue signals (activation of transmit and/or receive transit filter),
AF channel port #2 can serve for connection of external
TeleProtection Signaling terminal. »Speech-plus« aPLC channel
additionally includes universal (programmable) telephone interface
providing possibility for different telephone applications such as
remote subscriber (interface on subscriber side (FXS) or telephone
exchange side (FXO)) or TRUNK connection between telephone
exchanges (2-w/4-w, E&M interface).

VP-9PST-A . signaling VP-9PST-A .
data command signals yp-9pST-A pilot & data command signals vP-9PST-A pilot
[f ZF ZF [f guard (AGC & synchr.) Zr [r % guard (AGC & synchr.)
usable AF band |] T speech speech-plus
t — Hz t > Hz
200 300 3720 3840 200 300 3720 3840
“standard” aPLC channel “speech-plus” aPLC channel

Figure 3-1: aPLC »standard« and »speech-plus« channels utilisation

Each aPLC channel can have integrated function for transmission of
protection commands (TPS function) which characteristics are the
same as of VP-9PST-A TPS terminal. In such case suitable number
of interface modules for connection to protection relay is built into the
rack; VP-9PRIA, VP-9PRIB and/or VP-9PRIC module(s).
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3.4 VP-9UPT - dPLC channel

Each dPLC channel is a telecommunication resource in a form of
transmission capacity expressed in kilobits-per-second (kbps).
Transmission capacity of dPLC channel of universal PLC terminal
VP-QUPT is programmable in the range from 9.6kbps to 96kbps.
Frequency bandwidth occupied by dPLC channel is also
programmable in the range n x 4kHz; n =1, 2, 3 or 4. dPLC channel
enables transmission of information in digital form. dPLC channel is
more sensitive to adverse operational conditions but it provides more
efficient use of frequency band intended for PLC communications.
Whole transmission capacity of dPLC channel may be used for
transmission of only one digital signal and this is called single-
purpose use of dPLC channel. In that case source/sink of digital
signal is connected directly to digital channel interface of dPLC
channel. dPLC channel may be equipped with digital interfaces of
different type.

Several applications require transmission of many individual digital
signals over single dPLC channel (data and/or speech) and this is
called multi-purpose use of dPLC channel. In this case external
digital access multiplexer (AMUX like V-MUX9000 or V-COM2000
Products Series from Veesta World) is connected to the digital
channel interface of dPLC channel. Basic function of AMUX is
digitization and compression of analogue speech signals and time
division multiplexing of data and digitized speech signals to single
digital signal suitable for transmission over dPLC channel. AMUX
structure is modular which enables insertion of different data and
speech (telephone) interfaces and with that coverage of many
different applications requirements.

pilot (3250Hz)
(AGC & sunchr.&  VP-9PST signals
VP-9PST-A guard)H ZF ZF ZF ZF [ speech [data BN overhead
dPLC channel signal capacity of dPLC channel; up to 96kbps
BW(d) = 4, 8, 12 or 16kHz #1|#2I___I#nl #1 l %0 l___#m
< BW)—— | < c > |
frequncy plan of dPLC channel multi-purpose use of dPLC channel (AMUX)

Figure 3-2: dPLC multi-purpose channel utilisation

For AMUX in PLC terminal VP-QUPT, Veesta World Company offers
AMUX product from V-MUX9000 for voice & data multiplexer product
series and from V-COM2000 for data purpose usage of multiplexer
series which are modular, have quality algorithms for speech
compression and high efficiency of multiplexing (low »overhead«)
and is on very high technological level.
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dPLC channel may have integrated function for transmission of
protection commands (TPS function) which characteristics are the
same as of VP-9PST-A TPS terminal. In such case suitable number
of interface modules for connection to protection relay is inserted into
the rack; VP-9PRIA, VP-9PRIB and/or VP-9PRIC module(s).

3.5 VP-9UPT - Principle Block Diagram

. 4-wire RF bus
VP-QPMYS module (aPLC channel) 1
telephone 9 5
handset maintenance speech link
h @-widw) V-9RFPA V-9PTLF
speech (2-w/4-w
VP-9PTI
» E&::I Telephone interface [> %
I;VI‘:’XB (“speech-plus” version only) 8
0
3 RF /O
#1 y o - to couplin
AwAFIO o9 V.P 9MA| . S V-9PRLF (to coup tg
#3 Triple 4-wire AF interface | OPALITELY)
BOOST L) % ] ! [
VP-9PST-A integrated TPS
function (option)
protection
commands
- VP-9PRIA o B or C
signals /O module
(to/from
protection L
relay PR) internal digital
communication
VP-9PXYS module (dPLC channel) bus
telhephone < maintenance speech link
andset
VP-9CPDM PC - local
data, VP-9DIX ’ -
timing, €—»0 | digital progremming PC - remote
control interface #2 dPLC g diagnostic alartm rtelays
contacts
channel o I
data, VP-9DIX (MODEM) &
timing, <«+—»0 [ digital = VP-9PSHY
control interface #1 Er Sl
. [ additionall -~ gource PRy
- power supply
VP'9PST'A integrated TPS module (option)
function (option)
> 0 O I
protection !—'—' to all VP-9PSHY
commands modules | «—]
i power supply
and VP-9PRIA or B or C basic source
au)_(lllary . 1O modul power supply
signals iocuie power supply module earthing
(to/from T bus (housing)
protection [ = 9
relay PR)

Figure 3-3: VP-QUPT principle block diagram
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3.6 Technical Data

3.6.1 General Characteristics

1. PLC Terminal type: VP-QUPT
2. Modulation type : Single step AM (amplitude modulation)
3. Transmission mode : SSB (single side band) with suppressed carrier
4. Operating mode : Duplex
5. Number of aPLC channel : From O to 6
6. Number of dPLC channel : Oor1
7. Basic frequency band of aPLC channel: 4 kHz
8. Basic frequency band of aPLC channel: 4 kHz, 8 kHz, 12 kHz or 16 kHz

9. Tx and Rx bandwidth:

1) adjacent Tx and Rx band: 4 kHz, 8 kHz or 12 kHz

2) non -adjacent Tx and Rx band: 4 kHz, 8 kHz, 12 kHz, 16 kHz or 24 k
NOTE: Tx bandwidth and Rx bandwidth are always the same!

10. RF range: from 20 kHz to 1000 kHz
11. Channel positioning in RF range: programmable in whole RF range
in 1 kHz step

12. Channel polarisation (Tx and Rx) in RF range: normal (always)

13. Allocation of Tx and Rx band in RF range:

1) configuration with dPLC channel: non-adjacent (always)
(only dPLC channel)
2) all other configurations: adjacent or non-adjacent

(only aPLC channel(s) or mix (aPLC channel(s) + dPLC ch.))
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14. RF frequency planning:

Fo(Tx)
aPLC

dPLC #1

-

Fo(Rx)

aPLC
dPLC”q #11
- [ |

-
- Lz
+ }

BW(d) LBW(a)
>|— >

BW(Tx)

BW(d) LBW(a)
>|— >

BW(Rx)

BW(Tx+Rx) |
a
Fo(Rx) Fo(Tx)

aPLC aPLC aPLC aPLC
e - My M

——- 270 27
S e ; : | . .
BW(d) LBW(a) LBW(a) BW(d) LBW(a) LBW(a)
> > > i >
BW(Rx) R BW(Tx) N

OP-Risba_5

15.

Frequency accuracy in RF range:

1) fre = from 20 kHz to 500 kHz:
2) frr =from 500 kHz to 1000 kHz:

16.

1) output power of PLC terminal (PEP):
2) output power of PLC terminal with regard to Tx band position in RF range:

Output Peak Envelope Power of PLC terminal - PEP:

<+/-10 Hz
< +/-20 Hz

10W,20W,40W or 80W

frr = from 20 kHz to 500 kHz: PEP
frr = from 500 kHz to 750 kHz: PEP /2
fre = from 750 kHz to 1000 kHz: PEP /4

17.

18. RF line port:

Spurious emission:

1) output impedance:
2) input impedance:

3) configuration:

4) return loss:

5) balance to ground (balanced configuration only); f = 50Hz (60Hz)
6) RF connector:

in accordance with IEC 60495;
clause 5.2.4, figure 7 and figure A.2

50, 75,125 or 150 Ohms
same as output impedance (nominal) or
high (applicable in case of non-adjacent Tx/Rx bands only)
balanced, unbalanced or
2 x 75 Ohms unbalanced, differential-phase

>12dB
>40dB

two (2) unbalanced (coaxial) N type connectors or
two (2) balanced (symmetrical) connectors

(on request only)

19. Receiver selectivity :

1) tested according to the IEC 60495; clause 5.3.1.5 COMPLY
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3.6.2 Channel Part, Analogue (aPLC) Channel

1. Bandwidth (kHz): 4 (gross)
2. Usable AF band (Hz): 300 - 3720
3. Channel versions: »standard« or

»speech-plus«

4. AF channel interface: 3 x 4-wire port & BOOST
5. Transit filter: YES (in Tx and Rx direction)
6. Telephony interface: Universal; FXS, FXO, 2-/4-wire, E&M (TRUNK)
7. Receiver sensitivity: pilot level = -30dB

(PEP/channel = 10W:
line attenuation < 51dB)

8. AGC range: = 40dB
9. Synchronization: YES; »master — slave«
10. Integrated functions: maintenance speech ch.

TPS function VP-9PST-A (option)

11. Delay of aPLC channel (end - to - end):
1) 1IR channel filter (minimized channel delay); at 2 kHz <5ms
2) FIR channelfilter (flat group-delay distortion) <80 ms

12. Speech channel (speech-plus version only):

1) frequency band: from 300 Hz to 2.0 kHz; version 2KO or
from 300 Hz to 2.2 kHz; version 2K2 or
from 300 Hz to 2.4 kHz; version 2K4 or
from 300 Hz to 3.4 kHz; version 3K4

2) transmission of signalling pulses in »signalling & data« FSK data channel
3) distortion of signalling pulses <2% @ 10 pulses/s
<5% @ 15 pulses/s

13. »speech-plus« frequency band (speech-plus version only):
from 2070 Hz to 3720 Hz; (version 2K0) or
from 2280 Hz to 3720 Hz; (version 2K2) or
from 2490 Hz to 3720 Hz; (version 2K4) or
from 3500 Hz to 3720 Hz; (version 3K4)
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14. Pilot:
1) pilot signal frequency 3852 Hz
2) transmit RF level of pilot signal PEP(aPLC) - 22 dB
3) functions: automatic gain control (AGC)

synchronization (»MASTER - SLAVE«)
signal-to-noise ratio (SNR) measurement

15. »signalling & data« data channel:

1) central frequency 200 Hz
2) channel bandwidth (modulation speed) 100 Hz (100 Baud)
3) functions: signalling transmission (speech-plus version only)

diagnostic data transmission
maintenance speech channel
signalling transmission

16. Attenuation distortion: in accordance with IEC 60495;
clauses 5.3.2.2 and 5.3.3.2

17. Group-delay distortion: in accordance with IEC 60495;
clauses 5.3.2.3 and 5.3.3.3

18. Limiter — channel level:
1) transmit RF signal level of limiter starting point 0 dBmoO
2) transmit RF signal level when input AF signal level is + 15dBm0 <3 dBmO

19. Limiter — speech:

1) transmit RF speech signal level of limiter starting point 0 dBmoO
2) transmit RF speech signal level when
input AF speech signal level is + 15 dBm0 <3 dBm0

20. Peak Envelope Power of aPLC channel; PEP(aPLC):
Depends on number of aPLC channels (Na) and width of dPLC channel (Nd).
PEP(aPLC) = PEP / (Na + Nd)?

21. Receiver sensitivity: minimal level of receive pilot signal = - 34 dBm
(PEP(aPLC) = 10 W: a max = 52 dB)

22. Automatic gain control (AGC):
1) range 40 dB
2) efficiency +/- 0,5 dB

23. RF equalizer:
1) range 8 dB
2) equalizing characteristic set of 64 equalizing curves (setting)
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24. Tx/ Rx frequency difference: 0 Hz (100% synchronization)
25. Noise generated within PLC terminal: <-55dBm0p
26. Harmonic distortion: < - 40 dBmO (any spectral component)

27. Crosstalk:
1) near-end and far-end crosstalk <-50 dBmOp
2) between aPLC channels of multi-channel PLC terminal <-50 dBmOp

28. VP-9MAI - 4-wire AF interface (»baby board« module):

1) number of 4-wire AF ports three (3); independent and equivalent;
AF 1/0 #1, AF 1/0 #2 and AF I/O #3

2) ports design symmetrical, galvanic separated (transformers)
3) input/ output impedance: 600 Ohms or
1200 Ohms

4) return loss (input/output impedance 600 Ohms) >20dB
5) balance to ground > 40 dB

29. VP-9MAI - special functionality of ports:

1) port AF 1/O #1 transit filter;

(independent for transmit and receive direction)
2) port AF 1/O #2 external TPS terminal port
3) port AF I/O #3 AF equalizer (input)

30. VP-9MAI - transit filter (TF):
Programmable transit filter (settings):

high pass (HP) low pass (LP)
filter filter
Iy _ _ Y
a> a>
30dB 30dB
i BW e i
' 1 ; L L L I// L L L ; 1 ’
[ f | | 22 | | f bl
60Hz *ﬁ 4 120Hz ;P 60Hz
OP-Risba_6-en

1) lower frequency limit of pass band (transit band) fup from 510 to 3630 Hz
in steps of 120 Hz

2) upper frequency limit of pass band (transit band) f.p from 450 to 3570 Hz
in steps of 120 Hz

3) width of transitional band, when transit filter attenuation reaches 30 dB 60 Hz
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31. VP-9MAI - AF equalizer:
1) range 10 dB
2) equalizing characteristic set of 9 equalizing curves (setting)

32. VP-9MAI — nominal levels:
Typical input / output AF signals (all gain settings = 0 dB):
1) test tone (1kHz) -2dBm
2) signal of 50 Baud TG channel - 22 dBm

33. VP-9MAI - AF ports gain:
Gain setting ranges:
1) AF inputs (transmit direction) from -9dB to +18dB in steps of 0.2dB
2) AF outputs (receive direction) from -18dB to +9dB in steps of 0.2dB

34. VP-9MAI - BOOST-IN control input:
1) design galvanic separated (optocoupler)

2) mode of control: by voltage-free relay contact (2-pole) or
by grounding (earthing; 1-pole)

3) loop current <10 mA
4) boosting level from 0dB to 15dB instepsof 3 dB
5) transmit signals switch-off: all signals or

speech only

35. VP-9PTI - Telephony (speech) interface (»baby board« module):

1) design programmable (universal) telephony interface;
2) operating modes: FXS or
FXO or

2-wire; E&M (2E&M) or
4-wire; E&M (4E&M)

3) speech ports (inputs / outputs): 2-wire input / output
4-wire input
4-wire output

4) input / output impedance: 600 Ohms
5) return loss >20dB
6) balance to ground > 40 dB

36. VP-9PTI — nominal levels:
nominal speech signal level (test tone 800 Hz; gain settings = 0 dB):
1) 2-wire speech input (transmit signal) / output (receive signal) 0 dBm /-7 dBm
2) 4-wire speech input (transmit signal) and output (receive signal) -3.5dBm
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37. VP-9PTI - gain:
Gain adjustment range of speech inputs / outputs:
1) speech inputs (transmit signals) from -9 to +18dB in steps of 0.2dB
2) speech outputs (receive signals) from -18 to +9dB in steps of 0.2dB

38. VP-9PTI — Subscriber loop — FXS mode:
1) subscriber loop current 25 mA
2) permissible subscriber loop resistance <1200 Ohms

39. VP-9PTI — Subscriber loop — FXO mode:
1) internal resistance of interface dynamical; Imax = 25 mA
2) minimal engagement subscriber loop current 20 mA

40. VP-9PTI — M signaling input — 2E&M and 4E&M mode:
1) design galvanic separated (optocoupler)

2) mode of control: by voltage-free relay contact (2-pole) or
by grounding (earthing; 1-pole)

41. VP-9PTI - E signaling input — 2E&M and 4E&M mode:

1) design galvanic separated (solid-state relay)
2) internal loop resistance < 35 Ohms
3) permissible external voltage applied <80VDC

42. VP-9PTI — Telephony control input »2/4-w; K« :
1) functionality:

operating modes FXO and FXS: compandor ON/OFF
operating modes 2E&M and 4E&M: compandor ON/OFF
or

switch-over between 2-wire and 4-wire speech port

2) design galvanic separated (optocoupler)
3) mode of control: by voltage-free relay contact (2-pole)
or

by grounding (earthing; 1-pole)

43. VP-9PTI — Telephony control output PABX:
1) functionality signalling of aPLC channel loss to the PAX
(interface blocking; call re-direction)

2) design galvanic separated (solid-state relay)
3) internal loop resistance < 35 Ohms
4) permissible external voltage applied <80V DC
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44. VP-9PTI — Telephony compandor:
AVAILABLE; in accordance with ITU-T G.162 (k = 2)

45. Levels of typical transmit signals at RF output:
(all level settings = 0dB):

test tone —2 dBm / 1 kHz (AF channel input): PEP(aPLC) -2 dB

signal of standard 50 Baud TG channel: PEP(aPLC) - 22 dB
speech (test tone: 0 dBmO0 / 800 Hz);

versions 2K0, 2K2 and 2K4: PEP(aPLC) -8 dB

version 3K4: PEP(aPLC) -5 dB

pilot: PEP(aPLC) - 22 dB

»signalling & data« data channel signal: PEP(aPLC) - 19 dB

46. aPLC Integrated Protection Signaling Terminal:
AVAILABLE;
independently in each aPLC channel
(for Technical Data of TPS see documentation of VP-9PST device)

47. aPLC Connection of stand-alone (external) PST device:
AVAILABLE;
independently in each aPLC channel

1) connection of external TPS device AF line interface 4-wire AF port “AF 1/0 #2”
(operating mode PST)

2) connection of external BOOST control signal BOOST-IN control input

3.6.3 Channel Part, Digital (dPLC) Channel

1. Digital modulation: MC OFDM QAM
2. Adaptive equalizer (in receiver): YES
3. Nominal channel Capacity (kbps): 9.6, 14.4,19.2, 24, 28.8,

32, 48, 56, 64, 72 or 96
4. Bandwidth used (kHz): 4,8,120r 16

5. Utilization methods: single-purpose use or
multi-purpose use (AMUX)
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6. Maximal transmission capacity:

With regard to BW(d); BW(d) = Nd x 4kHz:

BW(d) =4 kHz (Nd=1) 24 Kbps
BW(d) =8 kHz (Nd = 2) 48 Kbps
BW(d) = 12 kHz (Nd = 3) 72 kbps
BW(d) = 16 kHz (Nd = 4) 96 kbps

7. Peak Envelope Power of dPLC channel; PEP(dPLC):
Depends on number of dPLC channel bandwidth (Nd) and number of aPLC (Na).

PEP(dPLC) = PEP / (Nd / (Na + Nd) )

8. Level of dPLC channel transmit PILOT signal:

RELATIVE LEVEL of TRANSMIT PILOT SIGNAL (dBr)
BWd (kHz)
Cd
(Kbit/s) 4 8 12 16
T O T O T O T O
9.6 -11,0 | 13,0 | 13,5 | -14,0
14.4 -11,5 | 125 | -16,0 | -150 | -16,0 | -15,0
19.2 -11,0 | 125 | -160 | -155 | -170 | -16,0 | -16,5 | -16,0
24 -11,0 | 12,0 | -160 | -150 | -190 | -165 | -180 | -17,5
28.8 16,0 | -155 | 190 | -175 | -19,0 | -18,0
32 16,0 | -155 | <190 | -17,0 | -19,0 | -18,0
48 16,5 | -150 | 190 | -16,5 | -19,0 | -185
56 185 | -160 | -195 | -18,5
64 -19,0 | -16,0 | -19,0 | -18,5
72 -19,0 | 155 | -19,0 | 17,5
96 -19,0 | -16,5
9. Delay of dPLC channel (end — to - end):
Without external AMUX: <78 ms
10. dPLC channel set-up time (worst case): <30s
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11. Pilot Signal:
1) frequency of pilot in AF range 1500 Hz
2) functions: automatic gain control (AGC)
synchronization of receiver oscillator (Rx Osc)
GUARD signal

(in case of integrated TPS function VP-9PST)

12. Synchronization of transmitter oscillator (Tx Osc):
no synchronization (free running) or
synchronized to Rx Osc (Loop-back) or
synchronized to external clock
(input signal of digital channel interface VP-9DIX #1)

13. Synchronization of reciever oscillator (Rx Osc):
always synchronized to frequency of Rx pilot

14. Digital channel interface:
1) Design three (3) types of interface »baby board« module
(VP-9DIA, VP-9DIO and VP-9DIU); intended for placing onto
positions X or/and Y of VP-9PXYS dPLC channel module

2) Interface standards supported: ITU-T V.24/V.28 (RS-232), V.35 and X.21
(VP-9DIU universal interface »baby board« module),

ITU-T G.703 contra-directional
(controlling or subordinate;
(VP-9DIA interface »baby board« module),

ITU-T G.703 co-directional
(VP-9DIO interface »baby board« module)

3) protocol transparent synchronous transmission

15. dPLC Integrated Protection Signaling Terminal:
AVAILABLE;
(for Technical Data of TPS see documentation of VP-9PST device)

16. dPLC Connection of stand-alone (external) PST device:
NOT-AVAILABLE for dPLC channel;

17. Access multiplexer (AMUX):
1) design external (stand-alone) device (third party product)
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3.6.4 Power Supply

1. Supported power supply sources:
1) mains Module VP-9PSHA: 115/230V AC, +10% /-15%; 50/60 Hz
2) battery: Module VP-9PSH4: 24V DC, +20% /-15%
Module VP-9PSHD: 48 / 60 V DC, +20% /-15%
Module VP-9PSH1: 110V DC, +20% /-15%
Module VP-9PSH1: 220V DC, +20% /-15%

2. Modes of power supply: single (one power supply module) or
doubled (redundant)
(two power supply modules of same or different type)

3. Power consumption: Depends on PLC terminal structure
1) Line part: PEP=10W <45W
PEP=20W <70 W

PEP =40 W <120 W

PEP =80 W <220 W

2) Each channel module <15W

3) Total Power Consumption = P (line part) + P (each channel module) x N
(N number of aPLC + dPLC channel modules)

3.6.5 Environmental Conditions

1. Operation:
1) depends on standard: IEC 60721-3-3 standard, 3KS5 class
2) temperature from 0°C to +45°C (+55°C)
3) relative humidity <95 %

2. Transportation and storage:

1) standards IEC 60068-2-xx series of standards
2) temperature range from -40°C to +70°C
3) relative humidity 1100 %

3. Climatic exposures:

1) low temperature IEC 60068-2-1:Ab
2) high temperature IEC 60068-2-2:Bb
3) damp heat - constant IEC 60068-2-56:Cb
4) damp heat - cyclic IEC 60068-2-30:Db; Variant 1
5) rain IEC 60068-2-18:Rb; Method 2.2

4. Mechanical exposures:

1) vibrations IEC 60068-2-6
2) shocks IEC 60068-2-27
3) free fall (“fall height” = 1m) IEC 60068-2-32:Ed; Procedure 1 and

ISO 4180-2 (fall height)
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3.6.6 Electromagnetic Compatibility (EMC)
1. Emission: in accordance with IEC/EN 61000-3-2:2000 standard

2. Immunity: in accordance with standards EN 300 386:2001,
IEC 60255-22-1, IEC 61000-4-xx series
3. Electrostatic discharges — air: IEC 61000-4-2, level 4 class A

4. Electrostatic discharges — contact: IEC 61000-4-2, level 2 class A
level 3 class B
level 3 class A with additional plexiglass front plate

5. Electrical fast transient/burst: IEC 61000-4-4, level 3 class A

6. Surges (1,2/50 us and 8/20 us): IEC 61000-4-5, level 3 class A

7. Conducted disturbances, induced by radio-frequency fields:
(150 kHz — 80 MHz); IEC 61000-4-6, level 3 class A

8. Power frequency magnetic field: IEC 61000-4-8, level 4 class A

9. Voltage dips, short interruptions and voltage variations:
IEC 61000-4-11: dips — 30 % UT, 2000 ms: class A
interruptions — 100 % UT, 350 ms: class A

10. Dynamic changes of power supply voltage:

IEC 61000-4-11: dips — level 4: class A
interruptions — level 3 (350 ms): class A

hops — level 4: class A

11. 1 MHz burst disturbance: IEC 60255-22-1, level 3 class A
12. Electrical Safety: in accordance with IEC/EN 60950-1:2001 standard
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3.6.7 Alarms

1. List of Alarms: There are many detail and list of alarms
Refer to document VP-QUPT Maintenance Manual

2. Types of Alarms:
1) main: very important; red; MAJOR
2) Auxiliary: less important; yellow; MINOR

3. Indications of Alarms:
1) red LEDs on front panels of modules
2) red LED (MAJOR) and yellow LED (MINOR) on front panel of VP-9CPDM
3) eight (8) alarm relays are excited during period of inactive state of related alarm
4) List of (activated) Alarms (Diagnostic Data)

4. Functionality of Alarm Relays:
1) alarm relay #1: active state signalling of any MAJOR alarm
2) alarm relay #2: active state signalling of any MINOR alarm
3) alarm relay #3: active state signalling of general VP-QUPT terminal alarm
4) alarm relays from #4 to #8: active state signalling of any alarm, generated by
diagnostic system (settings)

5. Alarm Relays Contact:

1) number of contacts 1
2) contact configuration voltage-free change-over contact
3) electrical characteristics 125V (AC or DC)/ 2A /60 W / 60 VA
4) access to alarm relay contacts front panel connector,

located on the front panel of VP-9CPDM module

6. List of Diagnostic Data:
1) List of (activated) Alarms
2) List of Working Data
3) List of Events

7. List of Events:
1) length of list 100 events

2) structure of event label EV-UPT-xxx
(xxx = event number)

3) format of event date/time stamp dd.mm.yyyy hh:mm:ss:msmsms:us.us.us
(example: 21.03.2009 17:34:27:988:325)

4) event time resolution 125 us

5) synchronization of device internal clock to PC internal clock
(on demand from Diagnostic)
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3.6.8 Parametrising & Diagnostic System

1. PC Software: Windows Program V-PLC9000 Software Setup
Refer to document VP-QUPT Maintenance Manual

2. Access to Device Configuration:
1) type of interface RS 232 serial data interface
2) interface connector shielded 8-pole RJ45 socket,
located on the front panel of VP-9CPDM module and

3.6.9 Mechanical Design (Rack VP-9R1P)
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Figure 3-4: V-PLC9000 sub rack design for VP-QUPT

,@, Page 34 of 40
VEESTAYGRLD

All rights reserved. Passing on and copying of this document, use and communication of its contents not permitted without written authorization.



V-PLC9000 Series Chapter 4 - VP-9PST, Protection Signaling Terminal
Veesta Universal PLC Communication System (aPLC+dPLC)
Technical Specification Manual, V1.5

Chapter 4 - VP-9PST, Protection Signaling Terminal

4.1 General

Transmission of information for teleprotection systems is one of the
most important telecommunication services that power utility private
telecommunication system must provide. Information between
Protection Relays (PRs) in teleprotection systems of command type
is transmitted in the form of protection commands. Protection relays
are located at ends of HV power lines. Commands are used in
several applications: direct trip, permissive trip and (de)blocking.
Each protection relay can handle the required protection operations
also without information from the opposite side of HV power line.
However fast, secure and dependable transfer of protection
commands between two protection relays ensures faster and/or more
selective operation of protection system. Important parameters of
protection commands transmission are transmission time, security
against unwanted commands and dependability of command
transmission.

VP-9PMEE module

handset <«—»0 | maintenace speech channel I

VP-9MAI triple 4-w AF interface

4-w AF
line port

VP-9TPS Function

protection VP-9PRIA,VP-PRIB,VP-PRIC

commands «—>
and <—>3 /0 module

auxiliary
signals
(PR, PLC, SCADA)

System modules (VP-9CPDM and one or two VP-9PSHY) not shown!

Figure 4-1: VP-9PST principle block diagram
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VP-9PST-A TeleProtection Signaling terminal (TPS terminal) is
designed for full duplex transmission of protection commands.
Transmission of protection commands between two PRs is
performed with two VP-9PST-A terminals located at the ends of HV
power line together with PRs. Between two VP-9PST-A terminals a
telecommunication link must exist. VP-9PST-A TPS terminal enables
transmission of protection commands through »analogue« (voice
grade) telecommunication channels in point-to-point configuration.
»Analogue« means that the telecommunication channel is suitable
for transfer of analogue signals within basic frequency band from OHz
to 4kHz gross. Type of telecommunication technology used has no
influence. It is however important that the telecommunication channel
provides minimal delay. Considering that, most suitable technologies
are copper or fiber optic cables, PLC links and radio links. Satellite or
switched links are not suitable for such application.

VP-9PST-A fully programmable TPS terminal enables transmission
of up to eight (8) protection commands in different priority schemes.
Transmission parameters for each protection command are
determined by chosen command application. Allocation of signals in
AF band is also programmabile.

command signals

7\
( c <TMAN ‘—\
(77} NnHOHN
GUARD & data GUARD & data
(POGS=B) ﬂ ﬂ (POGS=A)
operating frequency range Hz
.': = : : .': = >
300 fe 125Hz fe 3720
(POGS=B) (POGS=A)
310Hz (n-1) x 125Hz 310Hz
60Hz 60Hz

BW-es (PSOT)

Figure 4-2: VP-9PST programmable Teleprotection Terminal

VP-9PST-A consists of processing DSP module VP-9PMEE and
adequate number (1, 2 or 3) of interface modules VP-9PRIA,
VP-9PRIB and/or VP-9PRIC. |Interface modules provide
interconnection between VP-9PST-A terminal and PR, supervision
system (SCADA) and PLC terminal (BOOST-OUT). All modules are
of the same dimensions: 25,4mm (width; 5HE) x 233,35mm (height;
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4.2
4.21

1.

10.

6U) x 220mm (depth). Two fully independent VP-OPST-A terminals
can be installed into one VP-9R22 type 19 inch rack. Each terminal
includes necessary system modules: one or two (redundant power
supply) power supply modules VP-9PSHY and parametrising/

diagnostic module VP-9CPDM.

TPS function with identical characteristics may be integrated into any
aPLC or dPLC channel of VP-QUPT universal PLC terminal and into

VP-9ACT analogue channel terminal.

VP-9PST-A fully complies with relevant international standard IEC

60834-1 (1999-10).

Technical Data

General Characteristics
AF band:
Operating mode:
Number of commands:

Transmission mode:

Command application:

Priority schemes:

Frequency plan:
Nominal transmit time (ms):

Probability of an unwanted
Command P (security);
(noise = white noise bursts)

Probability of a missing com
Pmc (dependability) / T, (ms);
(S/N = +6dB)

0 — 4kHz gross;
300 — 3720 (3400) Hz net

4-wire, full duplex
from1to 8

guard tone/command(s) tone
(F6 modulation)

direct trip, permissive trip
or (de)blocking

31, 41, 6P (1+1+1+1+1+1),
22 (2+2) in 42 (2+2+2+2)

programmable

direct. permiss. block.
<20 <15 <10
<107 10° 10

<1040 <10%20 <10°15
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4.2.2 AF Line interface (4-wire)

1. Impedance: 600Q; balanced
2. Return loss: = 20dB
3. Balance to ground: 2 40dB
4. Nominal / max. Tx level: 0dBm / +9dBm (command)
5. Receiver sensitivity: -30dBm (command)

4.2.3 Binary Input

1. Number of inputs: module VP-9PRIA: 2x IN
module VP-9PRIB: 4x IN
module VP-9PRIC: 6x IN

2. Input technology: Optocoupler

3. Electrical characteristics: Uin = from 24V to 250V DC
(lin = const. = 5mA)

4. Function (setting): transmit (Tx) command or
BOOST-IN (from PR)

4.2.4 Binary output

1. Number of Outputs: module VP-9PRIA: 6x OUT
module VP-9PRIB: 4x OUT
module VP-9PRIC: 2x OUT

2. Output technology (setting): MOSFET or relay contact

3. Electrical characteristics: Umax = 250V
Imax =2A (MOSFET)
Imax = 5A (relay contact)

4. Function (setting): receive (Rx) command,
BOOST-OUT (to PLC),

ALARM, PR deblocking,

Tx command control

5. Command counters: Each command; Tx and Rx
6. Test: YES; Manula or Automatic
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4.2.5 Other Characteristic

1. Integrated function: maintenance speech channel
2. Power Supply - mains: 115/230 V AC
3. Power Supply - battery: 24,48, 60, 110 or 220 V DC
4. Temperature range (°C): 0-45 (55)
5. Compliance: IEC 60834-1 (1999-10)

4.2.6 Mechanical Design (Rack VP-9R1P)
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Figure 4-3: V-PLC9000 sub rack design for VP-9PST
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