ODISHA POWER TRANSMISSION CORPORATION LIMITED

TECHNICAL SPECIFICATION

FOR

POWER LINE CARRIER COMMUNICATION
(THE INDOOR PLCC PANELS WILL BE SUPPLIED BY
OPTCL AS A OWNER SUPPLY ITEMS BUT OTHER
MATERIALS AS REQUIRED ARE IN THE SCOPE OF
SUPPLY BY BIDDER)
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1. GENERAL

Power Line Carrier Communication equipment shall be supplied with all associated equipment
complete with all material and accessories, and installed at various substations as indicated in
relevant schedules. The Contractor shall also include all equipment and accessories including
modifications for remote end substations of the PLCC link even though the names of the
substations do not appear in the Schedule.

The Contractor shall be responsible for the provision of training engineers of the Employer
responsible for maintenance of the above equipment. The Contractor shall also be responsible
for maintenance till the equipment is handed over to the Employer.

Panels shall be supplied complete with all accessories, meters, switches, indicating lamps,
annunciation, and other devices completely wired and assembled as per approval of the Project
Manager. The contractor shall also mount and completely wire the equipment to be supplied by
others if any for installation on these panels.

2. LIST OF ABBREVIATIONS

The following abbreviations have been used in this document.

AC Alternating Current

AlS Alarm Indication Signal

BER Bit Error Rate

CCIR Consultative Committee International Radio
CCITT International Telegraph and Telephone Consultative Committee
CPU Central Processing Unit

CVT Capacitive Voltage Transformer

dB Decibel

DC Direct Current

DTMF Dual Tone Multi-Frequency

EEPROM Electrically Erasable Programmable Read Only Memory
EMI Electromagnetic Interfaces

Ghz Gigahertz

HF High Frequency

ic Integrated Circuit

IDC Insulation Displacement Connector

IEC International Electrotechnical Commission
IEC International Electrotechnical Commission
IP Ingress Protection

kA Kilo Amperes

kb/s Kilobits per second

kv Kilo Volts

LED Light Emitting Diode

LED Light Emitting Diode

Mb/S Megabits Per Second

msec Millisecond

MTBF Mean Time Between Failures

MTTR Mean Time To Repair

nm Nanometers (meters X 10-9)

PAX Private Automatic (Telephone) Exchange
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PCM Pulse Code Modulation

PLC Power Line Carrier

PSK Phase Shift Keying

PSTN Public Switched Telephone Network
PSU Power Supply Unit

QA Quality Assurance

RF Radio Frequency

RFI Radio Frequency Interference
RFI Radio Frequency Interference
RLDC Regional Load Despatch Centre
SDH Synchronous Digital Hierarchy
SLDC State Load Despatch Centre
SPC Stored Programme Control
sub-LDC Sub-Load Despatch Centre

VF Voice Frequency

VSWR Voltage Standing Wave Radio

3. PLCC SYSTEM

The PLCC system shall be used to carry speech, protection and control signals, SCADA and
computer data traffic. Interface connections shall be made directly with telephone equipment and
equipment handling digital data.

The PLCC system shall be suitably designed to work over the high voltage overhead power
transmission lines and shall comply with IEC 495. The system shall operate satisfactorily under
all power system switching and weather conditions that may be encountered at any time. It shall
be capable of operating properly during its period of service.

The mean time between failures shall be stated and proof in the form of calculations or actual in-
service failure rates shall be provided.

A panel or enclosure shall be provided for paralleling the HF outputs for connection to the coaxial
cable between the PLC and the Line Matching Unit. Suitable coaxial cable shall be used between
the PLC and this panel. The HF cables from the PLC shall be terminated on the panel with plug-
in connectors to allow each PLC to be interchanged between lines.

The PLCC system shall essentially consist of the following:

° Coupling Device, phase to phase or phase to ground.
o HF cable

. Carrier terminal (Owner supply item)

. Protection coupler(owner supply item)

. Telephone instruments

. Line traps

4. STANDARDS

All the PLCC equipment covered under the specification shall conform to the requirements of the
latest edition of the relevant IEC/IS Specifications or equivalent National Standards, except to the
extent modified by this specification.
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The IEC/IS Specifications relevant to the equipment covered under this specification shall include
but not be limited to standards indicated in relevant schedules of this specification.

5. DRAWINGS

51 Reference Drawings
The drawings attached to this specification shall be the reference drawings.

The Contractor shall evolve and furnish a comprehensive protection, control, interlocking and
signalling scheme meeting all the requirements of the technical specifications based on these
reference drawings.

The Contractor while preparing the drawings for control and relay panels shall co-ordinate with
various other equipment suppliers for actual details of equipment to be directly or indirectly
associated with the control and relay panels

The current and voltage transformer parameters are given in the relevant sections of this
specification. The contractor shall ensure the supply of CVT to meet the needs of relays and
meters being supplied by him.

Attached to Specification is a schedule indicating the existing features of PLCC system at the
particular site along with details of remote end equipment.

5.2 Contractors Drawings

Contractor shall furnish the complete scheme, system, and supply drawings as called for in this
Specification.

Contractor shall provide a list of drawings and a programme for submission in accordance with
the requirements of this Specification.

All drawing submitted by the bidder including those submitted at the time of bid shall be in
sufficient detail to indicate the type, size, arrangement, material description, bill of material,
weight of each component, break-up for packing and shipment, external connection, fixing
arrangement required, dimensions required for installation, interconnection with other equipment
and components, clearance and space required for installation, interconnection between various
points of equipment and any other information as called for in this Specifications.

6. FREQUENCY PLANNING AND SURVEY

6.1 General

A frequency planning study shall be carried out by the Owner / Contractor such that the SNR for
various channels shall be as per IEC. For transposed lines the signal attenuation considered for
frequency planning shall be justified through study reports.

The frequency and output power of the PLCC system for protection shall be planned such that the
protection signal is received with full reliability even when one phase is earthed or is open circuit
on the line side causing an additional minimum loss of 6 dB.

The frequency plan will be referred to Wireless Adviser/DOP Department for clearance. In case
any changes to the Contractor's recommendations for carrier frequency and power output are
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proposed by these Authorities, the Contractor shall modify his proposal accordingly. Changes of
power output shall not, however, involve repeater stations.

The frequency planning exercise shall also include the items outlined in the following sub-clause
6.2, 6.3 and 6.4.

The Contractor’s study report shall includes the followings

6.2 Proposed Arrangement

Facilities shall be provided for immediate opening of local breaker under direct tripping
command from remote end. The tripping of local/remote end breakers is to be achieved by
exchange of commands on PLC system between the two ends of the line in direct tripping mode.

For security reasons each transmission line shall be protected by Main-I and Main-Il protections
as given below :

e Main-l Distance protection type with permissive inter- tripping.

e Main-Il  Distance protection of different design/ philosophy/manufacture to the relay
under Main I.

6.3 Carrier requirements
6.3.1 For 400kV Lines

a) Two protection channels for Main-I and two for Main-I1 distance protection schemes.
b) Two main and two back-up protection channels for direct circuit breaker inter-tripping.
C) One speech channel with facility for superimposed telex and data signals.

d) The arrangement shall be as per plate 7.1.

6.3.2 For 220 kV Lines

a) One protection channel for Main-I and another for Main-I1 distance protection schemes.
b) One main and one back-up protection channel for direct circuit breaker inter-tripping.
C) One speech channel with facility for superimposed telex and data Signals.

d) The arrangement shall be as per plate 7.2.

6.3.3 For 132 kV lines

a) One protection channel for Main-I protection scheme.

b) One speech channel with facility for superimposed telex and data signals.

C) The arrangement shall be as per plate 7.3.

6.3.4 For 33 kV lines
No PLCC Equipment is envisaged on 33 kV lines.
6.3.5 General

The equipment for protection signals shall have high degree of reliability and speed. It shall be
guaranteed to function reliably in the presence of noise impulse caused by isolator or breaker
operation. The equipment shall be suitable for direct tripping of remote end breaker for fault in
unswitched 400 kV shunt reactors. It shall also be possible to effect direct tripping of breaker at
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one end when the other end breaker is opened either manually or by protection relays such as Bus
fault relay etc.

The time intervals between receipt of a trip command on the transmit side, its transmission over
the carrier link, reception at the far end and giving command to the trip relays at the distant end
shall not exceed 20 milliseconds for permissive inter-tripping and 30 milliseconds for direct inter-
tripping. The above timings are inclusive of operating time for auxiliary relays and interposing
relays, if any, included in the PLCC equipment.

The requirement of protection signalling channel is such that security against incorrect signals
being received shall be at least two to three orders higher than reliability against a signal not
being received.

Requirement under speech and telex communication is elaborated elsewhere in this section.

The planning of frequencies for the PLCC terminals shall be done considering the existing PLCC
Network as well as full communication channel requirement detailed above so that there is no
problem of frequency allocation at a later date when the subsequent section communication
requirements come up.

For reasons of security and reliability, phase to phase/inter-circuit coupling shall be employed.
Double differential coupling shall also be considered for double circuit lines. Bidders shall
furnish details of methods of coupling and recommend suitable coupling mode for double circuit
lines along with the bids. The coupling mode shall, however, be fully confirmed by Contractor
after conducting detailed computer studies, taking into account the transpositions of 400 kV lines,
for optimum coupling mode over these line sections. The coupling arrangement shall be fully
optimised by the Contractor after conducting detailed studies of every line section individually,
taking into account temperature variations, transpositions, earth resistivity, conductor
configuration, carrier channels requirements, security and reliability criteria and other relevant
details. The line attenuation shall be calculated for complete range of frequencies. Earth
resistivity data, existing frequency networks and other relevant details of each line will be
furnished to the Contractor for carrying out computer studies and frequency planning. The
Contractor shall complete the computer studies wherever required and submit the frequency plan
and optimum coupling details within a period of one month from the date of receipt of above
data. The cost of doing the computer studies wherever required shall be included in the lump sum
bid price and details of computer study charges shall be indicated in the relevant schedule. Bidder
must indicate the links on which computer study is required.

The 400 kV transmission lines may be transposed as shown in the relevant specification drawing.
There are two transpositions in each line section at distances shown in the drawing. The third
transposition is for achieving proper phase sequence at substation.

Transmission tower configuration and conductor details shall be made available to the successful
bidder to enable the bidder to make his own computer study assessment of the carrier path based
on wave propagation over transposed lines with each transposition point acting as “"Modal
Converter".

The parameters of the equipment quoted shall be such that the mode of wave propagation on 400
kV /220 kV/132 kV power lines (with transpositions indicated) shall not impose any limitation
on the efficient and reliable performance of the information link.

The Contractor shall be required to check and prove, through the results of his computer studies,
that attenuation due to transpositions in the EHV lines is within limits and the offered equipment
will perform satisfactorily.

VOL-11 (TS) E18-PLCC- Page 6 of 38



The Contractor shall submit curves illustrating “incorrect tripping' and "failure to trip" probability
plotted against corona noise level, in the presence of impulse noise due to switching of isolators
and circuit breakers etc. Details of field tests and laboratory tests for successful operation of his
equipment, under such adverse conditions shall be furnished by the Bidder. These are to be
related to end-to-end signalling and shall take into account the type of communication link e.g.
account shall be taken of transpositions in the phase to phase coupled HT. line. Details of field
tests and laboratory tests for successful operation of the equipment under the above circumstances
shall be submitted by the Bidder illustrating the above parameters.

7. LINE TRAP (TO BE SUPPLIED BY THE CONTRACTOR)

7.1 Technical Requirements

Line traps shall be inserted into extra high voltage transmissions line to prevent undue loss of
carrier signal for all power system conditions. Their impedance shall be negligible at power
frequency (50 Hz) so as not to disturb power transmission but shall be relatively high over the
frequency band appropriate to carrier transmission.

Line traps shall consist of a main coil designed to carry continuously the rated current without
exceeding the limit of temperature rise. It shall be supplemented with a protective device and
tuning device.

Line traps shall be broad band tuned for its entire carrier frequency range. Resistive component of
impedance of the line trap within its carrier frequency blocking range shall not be less than 450
ohms for 400kV and 570 ohms for 220kV systems.

Line traps shall be provided with a protective device in the form of a lightning arrestor. The
protective device shall be designed and arranged such that neither significant alteration in
protective function nor physical damage shall result from either temperature rise or the magnetic
field of the main coil at continuous rated current or rated short time current. The protective device
shall neither enter into operation nor remain in operation, following transient actuation by the
power frequency voltage developed across the line trap by the rated short time current. The
protective device shall be shunt connected to the main coil and tuning device.

The lightning arrestor shall be station class current limiting active gap type. Its rated discharge
current shall be 10 kA. Co-ordination, however, shall be done by taking 20 kA at 8/20 micro-sec.
discharge current into account. Bidder has to furnish full justification in case the use of gap-less
metal oxide arrestor is recommended by them.

The lightning arrestor provided with the line trap of each rating shall fully comply with the
requirements of IS 3070-Part I (1974)/IEC 99-1 (1970) Part I. It shall conform to type tests as
applicable and type test certificates shall be submitted by the Bidder.

The lightning arrestor provided with the line trap shall be subject to routine and acceptance tests
as per IEC 99-1 (1970) (Part-I).

The line trap on 400kV/220kV/132KV lines shall show no visual corona discharge at a voltage of
320kV/187kV/105kV rms power frequency falling voltage. Suitable corona rings shall be
incorporated in the line trap.

Line trap shall be equipped with bird barriers.
Line trap shall be spray painted with light grey paint (shade 631 of IS 5).
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7.2 Rating plates

The line trap shall be provided with a rating plate of weatherproof material, fitted so that it is
readily visible. The inscriptions shall be indelibly marked. The rating plate shall give the

following data:

. Manufacturer’s name

° Type and serial number

o Rated inductance in mH

° Rated continuous current in amps
o Rated short time current in KA

° Rated frequency in Hz

o Temperature category

o Insulation level

° Diagram showing the terminal marking
o Year of manufacture

° Total mass in kg

Each tuning unit shall also be provided with a rating plate giving the following information:

. Manufacturers name

o Type and serial number

. Frequency band in kHz

. Rated impulse protective level of tuning unit

7.3 Technical parameters

Line traps shall conform to IEC 353 and the parameters given in Table. 8.3.

Parameter 400Kv 220kV 132kV

Rated power frequency (Hz) 50 50 50
Rated system voltage (kV) 400 220 132
Highest system voltage (kV) 420 245 145
Rated continuous current at 50C (A) 2000 1600 800
Rated short time current for 1 sec. (kA) 40 40 40
Nominal discharge current of protective device at 10 10 10
8/20 micro sec. wave (kA)

Type of tuning Broad band

Rated blocking bandwidth

90-150 & 150-500 (to be approved
during detail Engineering)
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Minimum resistive component of impedance within 450 450 450
rated blocking bandwidth (Ohms).

Rated inductance of main coil (mH) 1.0 1.0 0.5
Corona extinction voltage (kV) >320 >187 >105
Radio interference voltage (micro volts at 1.1. times 500

Ur/+3, where Ur = maximum system voltage)

Table 8.3. Parameters for line traps

The exact quantities and rating of required line traps shall be decided by the Project Manager
based on frequency planning and recommendations of the Contractor.

The Contractor shall indicate continuous current rating of the line trap at 65C ambient.

7.4 Welding or brazing on line trap during manufacture

All the welding included in the manufacture of line traps shall be performed in accordance with
the relevant section of this Specification.

75 Line trap mounting (to be supplied by the contractor)

Line traps shall be suitable for outdoor pedestal mounting and shall be mechanically strong
enough to withstand the stresses due to maximum wind speed specified in the schedules. The
contractor shall recommend the mounting of line traps and prepare the lay out of the substation
for the Project Managers approval.

Where pedestal mounting is recommended, each line trap shall be mounted on a structure fitted
with insulators to provide mechanical stability and structural rigidity. The Contractor shall
submit the design calculations to establish the adequacy of his recommendations. All the
accessories and hardware, mounting stool, including bolts for fixing the line trap on insulators,
shall be of non-magnetic material.

The Bidder shall submit along with his bid, typical drawings clearly indicating the above
mentioned features of the line traps, line trap mounting arrangement and terminal connectors.
Each transmission line fitted with line traps shall be charged in the presence of the Contractor's
representatives.

8. COUPLING DEVICE (TO BE SUPPLIED BY THE CONTRACTOR)

The coupling devices shall be interposed between the capacitor voltage transformer and coaxial
line to the PLC transmitter/receiver. The coupling device, in conjunction with the capacitor
voltage transformer, shall ensure efficient transmission of carrier frequency signals between the
carrier frequency connection and the power line. In addition safety of personnel and protection of
the low voltage parts and installation, against the effects of power frequency voltage and transient
over voltages shall be ensured.

The coupling device in conjunction with the CVT shall form an electric filter of band pass type
and have the following characteristics:

1. It shall match characteristic impedance of HT line to impedance of the carrier frequency
connection. Impedance matching between power line and the carrier frequency connection may
be done by a transformer or an auto-transformer. The phase to earth characteristic impedance of
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the HT line may be assumed to be 320 ohms for 400 kV lines and 400 ohms for 220 kV lines. The
design details must be submitted along with the Bids.

2. Galvanic isolation between primary and secondary terminals of the coupling device shall
be performed by the above mentioned transformer.

3. Power frequency currents derived by the CVT may be drained to the earth by a separate
inductance termed drain coil of suitable rating.

4. Voltage surges coming from the power line at the terminals of the coupling device shall
be limited by a non-linear surge arrestor of suitable rating in the primary side. Requirement of a
gas type voltage arrestor in secondary side of the coupling device shall have to be fully justified,
but in any case the input circuit of PLC equipment shall have protective devices in the form of
zener diodes and surge suppressors. The surge arrestor shall have power frequency spark over
voltage co-ordinated with the equipment ahead of it.

5. For direct and efficient earthing of its primary terminals, the coupling device shall be
equipped with an earthing switch. The coupling device shall be designed such that it shall not be
possible to remove the cover before the earthing switch is operated to the “earthed' position.
Further the earth switch shall be available for earthing of CVT-HT terminals, when the coupling
filter units are removed from circuit for maintenance and replacement. The design shall take due
regard of requirements for safety in accordance with the Indian Electricity Rules.

Two phase to earth type coupling filters shall be used to achieve secure phase to phase inter-
circuit coupling in case of double circuit lines. Connection between secondary of the two phase to
earth type coupling devices shall be through a balancing transformer/hybrid such that reliable
communication shall be ensured even when one of the coupled phase is earthed or open circuited
on the line side.

Coupling devices shall conform to IEC 481 and have the following carrier frequency
characteristics as applicable to a phase to earth type coupling device :

e  Nominal line side impedance 320 ohms for 400 kV line
400 ohms for 220 kV lines

e Nominal equipment side impedance 75 ohms (unbalanced)

e  Composite loss Not more than 2 dB

e  Return loss Not less than 12 dB

e  Bandwidth Shall suit the frequency plan between 36 and
500 kHz

e Nominal peak envelope Not less than 650 Watt power (for inter

modulation product 80 dB down)

The coupling device shall be suitable for outdoor mounting. Temperature of metallic equipment
mounted outdoor is expected to rise up to 65C during the maximum ambient temperature of 50C
specified. The equipment offered by the Bidder shall operate satisfactorily under these conditions.

All the elements of coupling device shall be fitted on a base plate and enclosed in a pad lockable
metal box with inspection glass on front. The general arrangement and dimensional details of the
metal box shall be similar to that shown in the specification drawings. The Contractor shall
submit detailed drawing indicating a general arrangement, interconnection and all other details
for approval of the Project Manager during detail engineering.

The HT terminal of coupling device shall be connected to HF terminal of the CVT by means of
6mm? copper wire with suitable lugs and taped with 11 kV insulation by the Contractor.
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The coupling device shall have at least two terminals for carrier equipment connection. Bidder
shall confirm that such a parallel connection to coupling device directly will not result in any
additional attenuation.

9. HIGH FREQUENCY CABLE (TO BE SUPPLIED BY THE CONTRACTOR)

High frequency cable shall connect the coupling device installed in the switchyard to the PLC
terminal installed indoors. The high frequency cables supplied by the Contractor shall be suitable
for laying directly in trenches or in ducts.

The cable shall be steel armoured and its outer covering shall be protected against attack by
termites. Bidder shall offer his comments on method employed by him for earthing of screen and
submit full justification for the same with due regard to safety requirements.

Bidder shall enclose in his bid a detailed construction drawing of the cable being offered, with
mechanical and electrical parameters.

Impedance of the cable shall be such as to match the impedance of the PLC terminal on one side
and the coupling device on the other side, over the entire carrier frequency range of 40-500 kHz.

Loop resistance of cable shall not exceed 30 ohm per km at 20C.

The cable shall be designed to withstand a test voltage of 4 kV between conductor and outer
sheath for one minute.

Bidder shall specify attenuation per km of cable at various carrier frequencies in the range of 40
to 500 kHz. The typical attenuation figures for HF cable shall be in the range of 1 to 5 dB/km in
the frequency range of 40-500 kHz.

The HF cable shall conform to type tests and be subjected to routine tests as per IEC 96-2/ BS
2316/ 1S 5802.

The Bidder shall submit along with the bid, copies of type tests and performance reports of the
cable being offered.

All HF cables within the scope of this specification shall be supplied, laid and terminated by the
Contractor.

Cables shall be supplied wound on drums containing lengths not less than 500 metres each.

10. POWER LINE CARRIER TERMINAL (OWNER SUPPLY ITEMS -OPTCL )

10.1  General

As already indicated the information link shall be provided for speech, protection, fax and data
services. PLC terminals shall be fully co-ordinated to match with the specific requirements.
Because of strict requirement of high speed of operation, security, reliability and efficient
operation of protection channel along with the carrier terminals, Bidder shall ensure the complete
and fool-proof co-ordination of the PLC and protection equipment. It shall therefore be necessary
to have these combinations as one unit without any mismatch or necessity of any intermediate co-
ordination unit.

PLC terminal shall use amplitude modulation and shall have single side band transmission mode.
These shall be equipped for fixed frequency duplex working and shall be fully solid state.

Characteristic input and output parameters of the PLC terminals shall be as per IEC 495 unless
otherwise specified.
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10.2  Features of PLC terminals
Each PLCC channel shall be capable of carrying any of the following:

1. One speech channel plus telephone signalling channel, nominally 300 Hz to 3.4 kHz for
speech. This is also required to carry facsimile transmission and computer data.
2. One restricted speech channel 300 Hz - 2 kHz plus a band of 2 kHz - 4 kHz for the

transmission of data and a telephone signalling channel. Data signalling rates of 50, 200,300, 600
baud shall be possible.

3. Two 600 baud channels or one 1200 baud channel. It shall be stated if higher data rates
up to 9600 bit/s can be transmitted.

4. One channel for the transmission of speech and tele-protection signals.

5. One channel for the transmission of speech, tele-protection signals and data.

The equipment shall preferably be capable of operation in all the above modes without the
provision of additional modules and components. The telephone signalling channel shall be
nominally 3.8 kHz out-of-band.

Subject to frequency allocation considerations, PLC equipment may be required to be expanded
by the addition of channels to a link (i.e. upgrade to 2 or 4 channels as appropriate). The PLC
equipment shall be modular in construction and shall permit such upgrading to be carried out.

The equipment shall be suitable for use with E and M signalling between telephone exchanges at
both ends of the lines. Signalling shall be on the pilot tone using a 50 baud channel. If DTMF
signalling is available as an alternative this should be stated.

10.3  Transmitter/receiver

The equipment shall use single channel amplitude modulated single sideband suppressed carrier
transmission. The Bidder shall quote for terminals which have an output power of 20, 40 and 80
watts.

PLC equipment shall be designed to operate over a frequency band of 50 kHz to 500 kHz.

For each PLC link, the Bidder shall indicate the required frequency spacing between the
transmitters and receivers. Spaced band and contiguous band operation should be possible. In
twin channel versions, it shall be possible to operate both transmitters and both receivers in
adjacent bands. The Bidder shall state the full range of carrier frequencies over which the
equipment may be operated.

The carrier frequency output impedance shall be 75Q or 125Q unbalanced. Any alternative shall
be stated in the tender. The return loss within the nominal carrier frequency band in the transmit
direction shall be not less than 12 dB.

The maximum permitted level of spurious emissions shall meet the requirements of IEC 495
Section 8.3.2. Spurious emissions shall be measured as described in Clause 6.2.3 of the
recommendations.

The receiver shall have high selectivity and the attenuation of out of band signals shall be as
follows:

Frequency out of  Attenuation(dB)
band (kHz)
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0.3 70
0.3-4.0 70 -90
4.0 90

The generation of carrier frequencies shall be fully synthesised. It shall be possible to select any
carrier frequency within the whole carrier frequency range in discreet steps of 4kHz. The
frequency synthesis shall be highly accurate such that the actual carrier frequency shall not differ
from the nominal by more than 20 Hz.

10.4  Speech and signal levels

The voice frequency input impedance shall be 600Q balanced. The return loss within the
effectively transmitted frequency bands shall be not less than 14 dB.

The minimum send level shall be not more than -14 dBm. The maximum receive level shall be at
least +4 dBm. Attenuators to facilitate interfacing and matching should be provided.

The absolute input and output levels for signal channels shall be chosen in accordance with the
relevant ITU-T Recommendations.

In a pair of PLC terminals, the frequency difference between a voice frequency signal applied to
the transmit end and that received at the receive end shall not exceed 2 Hz.

The linearity as a function of the voice frequency input level, shall be such that the overall loss of
the speech circuit, of a pair of PLC terminals without compandors and limiters, does not differ by
more than +0.8 dB from the overall loss at 0 dBm for any input level between -10 dBm and 0
dBm. The measurements shall be made at 800 Hz.

Automatic Gain Control: In the case of a 30 dB change in carrier frequency signal level within
the regulation range, the change in voice frequency receive levels of both speech and signals shall
be less than 1 dB.

Graphs showing frequency/attenuation response of the line filters shall be included with the
tender.

The use of companders shall be optional and the final arrangement shall be agreed with the
Project Manager.
10.5 Maintenance facilities

Set up and maintenance facilities shall be provided, preferably through the use of a portable PC.
The facility shall enable the variable parameters of the equipment to be modifiable.

Details of test equipment required for the set-up and maintenance of the equipment shall be given.
Provision shall be made on each point to point PLC link for emergency and maintenance
telephone communications together with audible and visible calling annunciators.

10.6  Alarm facilities

The failure of a module, fuses or loss of power or any other condition affecting the correct
operation of individual components of the PLC system shall be automatically detected. Provision
shall be made for the indication of these alarms on the affected equipment, and on the substation
alarm annunciator panels or alarm monitoring system via potential free contacts.
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10.7  Technical parameters
10.7.1 General

1. Carrier frequency range,
programmable.

2. Mode of transmission

3. Frequency difference

4. RF output power (PEP) at
coaxial cable

5. Nominal RF impedances
6. Life expectancy

7. Carrier frequency output
return loss

8. Out of band selectivity
9. Method of generating
carrier

10. Accuracy of carrier
frequency generation

11. Minimum VF send level
12. Maximum VF receive
level

13. VF linearity
14, Module/Card type

15. Operating Temperature
Range

16. Number of AF channels
17. Effective AF bandwidth
18. Alarms for

19. Power supply, mains
20. Power supply, battery

21. Ambient conditions
according to

40 - 500 kHz

Amplitude modulation single side band with suppressed
carrier or reduced carrier.

Between VF signal at the PLC terminal transmitting and
receiving ends will not exceed 2 Hz with suppressed
carrier. With reduced carrier frequency difference shall
be zero. This shall include
permissible ambient temperature variation and supply
frequency and voltage variation of (+) 15% and (-) 10%.

20W, 40W, 80W as required.

75-1250hm unbalanced 1500hm balanced, optional.
15 Years

12 dB minimum

90 at4 kHz
Synthesised

+/- 20 Hz

-14 dBm
+4 dBm

+/- 0.8 dBm
Plug In
0-50C

1-4

300 - 3600 Hz

loss of transmit signal

loss of receive signal

inadequate S/N ratio

230VAC, +15%, - 15%

48VDC, +20%,-15% + ve earthed
IEC 495 (revised )
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22, Automatic gain For 40 dB change in control carrier frequency signal
level within the regulation range, change in VF receive
levels of both speech and other signals shall be less than
1dB.

10.7.2 User interfaces

1. Telep 600 ohm
hone interface, 4-wire

10.7.3

1. Number of separate audio 1
1/0 per channel

2. Number of commands with 4
plugged-in Protection Coupler

10.7.4 Other system components

1. plug-in protection signalling  plug-in AF modem programmable
module

10.8  General requirement for PLC terminal

All the PLC terminals shall be of multi-purpose type. The Bidder shall confirm that the total
transmission time for teleprotection shall not exceed 20 ms for permissive and 30 ms for direct
tripping signals. Speech and teleprotection channels shall independently fulfil the SNR
requirements out of the power allocated to its channel from the total power of the PLC terminals.

Detailed calculation for SNR requirement and power allocation over different channels should be
furnished along with the bid.

Multiplexing equipment, VFT’s and measurand and converters etc. for data are not included in
the scope of present specification and shall be procured separately. The successful Bidder shall,
however, be required to co-ordinate his carrier equipment with these equipments for successful
operation of the system.

The final selection of the output power shall be based on the frequency planning and computer
studies conducted by the Contractor. The evaluation of bids shall, however, be done on the basis
of prices for carrier sets with power output as stated in this Specification.

In the input circuit of the PLC terminal protective devices shall be provided in the form of zener
diodes or surge suppressers in order to eliminate any surge transfer through the coupling device
or induced in the connecting path of HF cable.

To improve voice transmission characteristics for the system, compressors and expanders
(companders) shall be provided. The companders shall have at least 2:1 compression ratio with a
corresponding expansion ratio of 1:2. The operating range of compander shall be compatible with
the audio power levels specified for four wire operation. The improvement gained by companders
shall however not be taken into account for power allocation and shall be in-hand reserve.
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Sudden changes in input level to the receiver shall not cause false tripping. The Bidder shall
clearly indicate in his offer the methods adopted to ensure above phenomenon. The receiver
design shall also provide protection against false tripping from random noise.

Fail safe devices shall be provided, so that a malfunction in one unit or sub-assembly cannot
cause damage elsewhere in the system. All plug in equipment shall be fitted with features to
prevent improper insertion. The electrical cables shall not be routed across sharp edges or near
sources of high temperature. The adjustments, which are susceptible to misadjustment from
accidental contact/vibration, shall be equipped with suitable locking devices.

The PLC set shall be designed to give guaranteed performance from 0C to 50C ambient tempera-
ture. The thermal capability of the equipment shall be so designed that the equipment remains
operational successfully up to 60C ambient temperature. Any ventilation fans provided for
circulation of air inside the cabinets shall conform to relevant Standards.

Terminals shall be provided with a built-in indicating instrument to facilitate checking of
important voltage and current values and signal levels in different parts of the PLC Terminals.
Protection fuses shall be provided in all important circuits, and fuses shall be so mounted as allow
their easy inspection and replacement. All test points shall be easily accessible.

The carrier set shall be provided with suitable supervision and alarm facilities. Individual parts of
the carrier set should be accessible from front, making it possible to place the carrier cabinets
side-by-side. All components and parts of the carrier set shall be suitably tropicalised.

PLC terminals shall be housed in floor mounting sheet metal cabinets, suitable for mounting on
concrete plinth as well as channel frame by means of nuts and bolts or welding. The cabinets shall
be properly cleaned and spray painted with two coats of synthetic enamel paint. Exterior of the
cabinets shall be painted with smoke-glossy finish. Interior of the cabinets shall be painted with
white enamel paint with glossy finish. All the panels shall be properly earthed to the Employer’s
earthing grid by the Contractor. Contractor shall submit detailed drawings for earthing connec-
tions.

All panels shall be protected against moisture ingress and corrosion during storage. Panels shall
be properly dried before they are installed and energised. Bidder shall indicate measures adopted
to prevent ingress of moisture during operation.

All cabinets having PLC terminals shall be provided with lamps of sufficient wattage for interior
illumination with switch.

A name plate shall be provided on the front door of each cabinet indicating channel function,
transmitter frequency and direction etc.
10.9 PLC Terminal Speech Communication

PLC equipment offered shall provide telephone communication between the stations where the
transmission lines specified in the schedules are terminating.

It shall be possible for a subscriber at any of the stations to contact the subscriber at all other sta-
tions connected in the system by dialling his call number. To achieve this an EPAX with four
wire interface and remote subscriber units shall be provided at different stations.

The equipment shall contain all normal facilities such as ring back tone, dial tone, engage tone
and priority tone, and suitable pulses to establish and disconnect communication between
subscribers.

The equipment shall be provided with necessary alarm circuits and fuses etc.
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The equipment shall be of 4 kHz bandwidth on either direction and be suitable for providing
superimposed data and teleprinter facilities at a later date without major modifications and high
cost. The Bidder shall clearly indicate in his bid the provision made in his proposal for future
development and the extent to which such additional facilities can be added at a later date.

The system shall be completely automatic with a definite number allocated for each telephone.
The numbering scheme for telephones, exchange and tie lines shall be developed by the Bidder
and indicated in the bid. Final numbering scheme shall be fully co-ordinated with the existing and
proposed future systems by the Contractor.

Arrangement for over-riding facilities shall be provided by means of priority keys wherever
specified. The over-riding facility shall enable cutting-in on ongoing calls with the priority key to
ask the concerned parties to finish their conversation. The wanted number should then be
automatically connected without having to redial the number.

All carrier telephone conversations shall be secret and it should not be possible for anybody to
over hear a conversation going on between any two parties excepting those provided with over-
riding facilities.

The necessary cables for connecting all the telephone instruments ordered for each substation
(including wiring and terminations) shall be provided by the Contractor. These telephone
instruments shall be located within the control room building at the respective substation.

All relays etc. used in the equipment shall be of sufficiently robust design to cope with the duty
imposed on them. Electronic components used in the equipment shall be of long life type and as
few types as possible shall be used.

The cabinets housing the equipment for EPAX, four wire E/M interface and remote subscriber
units (four wire) shall have mounting arrangements similar to those for PLC terminals as
elsewhere in this section of this Specification.

All the terminals for speech shall be supplied fully wired for addition of VFTs and transit filters
in future.

Equipment for speech communication must be fully compatible with Employer's existing
equipment. Any interfaces required for proper matching and connection with the Employer’s
existing equipment shall be provided by the Contractor.

Terminals for protection shall be suitable for operation between the two ends of each
transmission line or on tandem operation basis with back to back connection at the intermediate
stations.

Each PLC terminal for speech as well as protection purposes shall be provided with a plug-in type
service telephone and buzzer. Further, four wire remote telephone instruments (parallel to service
telephone) shall also be provided on one PLC terminal for protection for each link. These
instruments shall be located in the respective switchyard control rooms to enable the operator to
make emergency calls on point-to-point basis. Each such instrument shall be equipped with a
buzzer and “press-to-call' key and shall not require any additional power supply units.

There is also a requirement for express telephone links between substations and Area and State
Load Dispatch Centres. A call from the substation shall be initiated by lifting the handset. This
would cause a lamp to light on the communications console (to be provided under another
contract) at the control centre.
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11. ELECTRONIC PRIVATE AUTOMATIC EXCHANGE (EPAX) (TO BE SUPPLIED
BY THE CONTRACTOR)
11.1  General requirements

Private automatic telephone exchanges (PAX) are required at substations as stated in the detailed
description of work and Bill of Quantities.

The equipment shall be capable of providing proper performance throughout its fifteen year life
expectancy.

All equipment shall be designed for ease of maintenance and shall include a variety of built-in
alarms associated with vital operating parameters.

All equipment supplied under this specification shall conform with the latest IEC Specifications
and CCITT Recommendations.

The topographical, meteorological and system operating conditions shall be as stated elsewhere in
this Specification

Each interface shall be protected so that neither a short circuit nor open circuit on the telephone
line shall cause permanent damage to the exchange equipment. The application of a 500 volt, 50
Hz, signal to either or both legs of the line, shall not cause permanent damage to, or
malfunctioning of the exchange equipment.

The exchange equipment shall be protected from electrostatic discharges transmitted to, or
occurring at the line interface units.

Each interface  shall have an insulation resistance of greater than 10 Mohms at 500V DC
between line terminals and earth.

Each interface shall be capable of withstanding longitudinal 2kV, 10/1000 microsecond voltage
surges.

The equipment shall operate from a 48 V DC positive earthed battery supply.
Switching equipment shall provide for the following:
. Interconnection of calling and called extension.

° Interconnection of PAX’s via circuits conforming to CCITT Rec. G703 and G705 and
PLC channels conforming, to IEC 495.

. Interconnection with a central PAX telephone console at the State Load Dispatch Office
and Area Load Dispatch Office.

° A traffic monitoring and reporting system.

11.2 PAX interfaces
11.2.1 General

The PAX requires both analogue and digital interfaces. It shall be capable of interfacing to
existing and future GRIDCO telecommunications equipment, and to the public telephone system
at selected sites. It shall be capable of interfacing with power line carrier, pilot cable, digital
multiplexer, and the PSTN.

The PAX shall be capable of handling analogue and digital trunks, tie lines and extensions, and
shall be able to provide the following interfaces:

o 2 wire loop extensions
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° 2 wire loop tie lines

. 2 wire E and M tie lines
. 4 wire E and M tie lines
° 2 wire loop PSTN lines

The analogue interfaces shall be two and four wire interfaces, with and without E and M
signalling and busy/test signalling, to suit telephone, PLC and pilot cable equipment.

The digital interfaces shall be 64 kbit/sec and 2048 kbits/sec with and without common channel
signalling, to suit digital data links and inter-exchange trunks.

11.2.2 Two wire analogue telephone interface requirements

The interface shall be suitable for both standard telephone instruments and telephone consoles for
control centre, generating station and substation operators, using DTMF signalling. The interfaces
shall provide BORSCHT functions, i.e. Battery supply, Overvoltage protection, Ring current
supply, Supervision, Code, Hybrid and Testing functions, for each line connection.

The line feed shall be sufficient to ensure the satisfactory performance of two telephones in
parallel on a balanced line of between 0 and 1500 metres in length. The range of loop resistance
over which the interface will operate will be 0 to 500 ohms, with a similar limit for the
Transmission Equivalent Resistance (TER).

The two wire port impedance shall be 600 ohms, nominal, balanced and suited to the telephone
instruments during ringing, signalling and voice transmission conditions.

11.2.3 Analogue power line carrier (PLC) interfaces

The interfaces shall operate as four wire plus E and M interconnections, with the facility for
equipment busy signalling wire and test signalling wire, for use with existing transmission
equipment interfaces, i.e. PLC and pilot cable interfaces.

The electrical interface requirements are as follows:

° Transmit and receive pairs impedance 600 ohms balanced; return loss better
than 20 dB; levels - 3.5 dBm;

. E wire 50 volt battery and relay coil;

. M wire voltage free relay contact to earth;

. Test/busy wires voltage free relay contact to earth;

11.2.4 PAX to PAX interfaces operating over digital trunk circuits

The interfaces shall operate as analogue and digital trunk/tie line interfaces to enable existing
changes to be interconnected with the digital PAX and multiplex equipment.

64 kbit/sec interfaces shall be in accordance with requirements of CCIIT Recommendation G 70J,
and shall be complete with channel associated signalling.

The Contractor shall be responsible for ensuring that these 64 kbit/sec interfaces enable the full
range of network facilities to be available for the PAX extensions.
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11.2.5 Pilot cable interface

The interface shall provide facilities to interconnect telephone and other terminals to multiplex
and exchanges sites via existing pilot cable systems. These interfaces generally conform to those
of the PLC system, and are suitable for extending four wire analogue telephone interfaces beyond
the 500 ohm limit.

64 kbit/s interfaces shall be in accordance with CCITT recommendation G703, and shall be
complete with channel associated signalling,

The PAX shall have facilities for handling DTMF, decadic, feature and digital phones. It shall be
possible to connect remote extensions directly to the PAX over four wire E and M circuits.
11.3  Exchange equipment

The PAX shall be a full digital stored programme controlled type, suitable for the transmission of
64 kbit/s and 2 Mbit/s digital signals and for interfacing with PSTN and other public ISDN
exchanges.

The PAX shall be capable of being connected via analogue PLC and pilot cable voice circuits
utilising MF and E and M signalling to other PAXs installed in the GRIDCO PAX network.

The PAX shall be capable of automatically searching for alternative routes if the first choice
route is unavailable.

The equipment shall be expandable to at least the specified maximum switching capacity without
impairment of reliability or performance, and without the need for replacement of installed major
software and equipment.

11.4  Extension features

The PAX shall provide for the interconnection of any two extensions connected to the exchange
without the participation of a telephone operator, on the basis of keyed or dialled numbers.

The PAX shall provide for:

o Normal inter extension communication.

° Automatic call-back on "Busy" or "No Reply". The calling extension shall have to enter a
prefixed code for this facility to be operable

. Conference call, both three way established by an extension, or a multiple conference up
to 20 extensions .

. Call transfer to transfer a calling party to another extension.

o Call transfer/follow me to reroute all incoming calls to another extension.

o Call transfer to allow a called extension to be answered at another extension by dialling a
code at the other extension.

. Last number redial to allow a redial by using a code.

. Abbreviated dialling to allow codes or a telephone button to dial previously stored
numbers.

. Call waiting indication.

o Extension group hunting to allow a number of extensions to be grouped on a common

extension number, with incoming calls being assigned in cyclic order to free extensions.
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° The facility to hold a call while making a second call.
The features shall be available on an assigned basis.

The exchange transmission performance shall conform with CCITT Recommendations G712,
Q507 and Q517 for combined transit/local exchanges and related recommendations in regard to
measurement techniques, interface characteristics, and definitions.

11.5 Software

The preferred programming language is CHILL, as described in CCITT Recommendation Z200,
Red Book. However other high level languages may be offered which can provide the reliability
and maintainability required, and which conform to the basic structural requirements.

The software used on the system shall be of' tried and tested modular construction. The Bidder
shall state if software upgrades have been implemented and which version of software is being
offered. The procedure for upgrading the system software shall be stated. Details of software
licensing arrangements shall be provided.

11.6 Maintenance

The exchange shall provide automatic monitoring and reporting functions to verify the proper
execution of call handling and exchange software or hardware malfunctions, and report on the
condition of interfaces and exchange resources, e.g. memory occupation, call queue levels, CPU
utilisation, traffic levels.

Printed and visual display reports shall be date and time stamped and shall identify exchange and
software version codes.

The exchange shall be equipped with the following alarm facilities:
° Urgent alarms indicating a major malfunction

° Non-urgent alarms resulting from transient conditions or self clearing (automatic partial
restart) conditions

Local urgent and non-urgent alarm indications shall also be provided.

11.7 Hardware

To meet functionality, reliability and performance requirements, the hardware for the exchange
shall use:

. Duplicated call handling processors

. Duplicated memory and memory control

o Duplicated buses for common data, memory and control

o High speed RAM backed by non-volatile, e.g. EPROM, memory and duplicated hard
disk storage (storage to have 50% spare capacity)

o Duplicated ringing/tone signalling

. Bulk software loading facilities, preferably of the floppy disc or hard cassette disc type
. System control and display panel

VOL-11 (TS) E18-PLCC- Page 21 of 38



11.8  Numbering plan

The PAX shall have facilities to transpose telephone numbers for routing to and from extensions
on remote exchanges.

A closed numbering plan is being used for all extensions on new and existing SPC exchanges.
There will be four numbering zones. It shall be possible to restrict interconnection between each
numbering zone. However it shall be possible to give any extension interzone access.

11.9  Cables and cabling

Supply, storage, and laying of all necessary telephone cables, special cables and other associated
cables in order to render the exchanges fully functional and connected with the requisite number
of telephones as detailed in the relevant sections of this Specification shall be within the scope of
the Bidder.

11.10 Telephone operators console

An operators console may be required for some PAXs. It shall be equipped with visual display
unit, keyboard, handset, headset and exchange function controls, and be designed for stress free
operation. Bidders shall include a cost for this optional item.

11.10.1 Voice message recording system

The exchange shall be capable of incorporating a facility for recording of voice messages on a
store and forward basis. Telephones connected to the system shall be able to send a voice
message to the PAX, together with the called extension number. A message waiting indication
shall be available to telephone stations to advise that a message has been stored when a prefix
code is keyed. The system shall be capable of 30 hours message storage, with an indefinite
retention period, message repeat and message erase codes.

11.10.2 Telephone signalling

Line, information, tone and ring signalling shall be provided to suit analogue and digital
telephone extension equipment.

Analogue telephone extension signalling, shall provide the line, information, tone and ringing
facilities as follows:

° The extension line control signalling shall use line loop signalling to initiate and
terminate extension calling and answer activities, in accordance with BORSCHT exchange and
multiplex interface requirements.

o Information signalling will be DTMF in accordance with CCITT  Recommendations
Q23, Q16 and associated recommendations.

. Tone signalling will conform to the suppliers standard equipment and appropriate CCITT
Recommendations.

. Ringing current shall be to manufacturers standard.

11.11 Remote end four wire E/M interface and subscriber unit

The Remote end four wire E/M interface unit, wherever specified, shall be electronic type and be
suitable for working on fixed frequency power line carrier systems with E/M signalling. This
equipment shall be housed in the carrier set and be fully wired to the carrier terminal equipment.

This unit shall receive and register various signals on PLCC channels from remote end exchanges
or other remote end subscriber units and associated four wire interface units.
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The unit shall be equipped for routing transit calls and shall be supplied prewired to handle calls
from a minimum of eight directions, in a form suitable for transmission over PLCC. The bidder
shall indicate the total trunk line capacity for the unit.

The unit shall be suitable for connecting to two wire telephone sets. The associated telephone
cables for connecting to the telephones within the control room shall be within the scope of

supply.

12. 0 NETWORK PROTECTION EQUIPMENT (PROTECTION COUPLER)(OWNER
SUPPLY ITEM - OPTCL)

12.1  General

The Bidder shall offer voice frequency transmission equipment which shall work on frequency
shift or coded signal principle for transmission/reception of protection signals as single purpose
channel. The equipment shall be suitable for connection to the power line carrier terminal
mentioned in Clause above.

The voice frequency transmission equipment shall not only be insensitive to corona noise but
shall also remain unaffected by impulse type noise which is generated by electrical discharge and
by the opening and closing of circuit breakers, isolators, earthing switches etc. The equipment
shall also be made immune to a field strength of 10V/m expected to be caused by portable radio
transmitters in the range of 20-1000 MHz. In his offer, the Bidder shall clearly explain what
measures have been taken to make the equipment insensitive to corona noise, white noise and to
impulse noise of an amplitude larger than the wanted signal, and submit full field test and
laboratory test reports. The guarantee on design data shall not be acceptable.

The equipment shall be unaffected by spurious tripping signals. The Bidder shall submit evidence
to show how this is achieved satisfactorily.

The equipment shall be designed in accordance with IEC 834-1. All works shall conform with
the Indian Electricity Rule, 1956, unless modified by this specification. All materials and
equipment offered shall comply with the relevant Standards. These standards shall be stated by
the Bidder.

Voice frequency transmission equipment is required for line protection signalling. The
equipment shall be used in conjunction with distance protection systems and power line carrier.
It shall operate in a duplex mode. It shall be housed in the power line carrier cabinet.

When a line fault occurs, the carrier channel to which the equipment is connected shall be
switched over to the teleprotection unit. This shall simultaneously disconnect speech and other
signals. This interruption will continue for the short period of the teleprotection command, after
which the normal operation of the carrier equipment will be restored. During the transmission of
teleprotection signals or when a fault has been detected by the protective relays, the entire output
power of the carrier will be made available for transmission of the teleprotection signals. The
transmission time of the teleprotection signal, from receipt of command from the transmit end of
the channel to the output of the trip command at the receive end of the channel, shall not be more
than 20 milliseconds.

The equipment shall allow speech and superimposed data to be transmitted by the carrier along
with the teleprotection guard signal. The tripping signal shall be a tone in the speech band which
shall be capable of boosting above the guard signal level. Its frequency shall be stable within +4
Hz.
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The operating frequencies of the teleprotection shall be so chosen that under no circumstances
shall a spurious tripping signal be transmitted. The equipment shall not issue false commands
due to transient phenomena. It shall be insensitive to corona noise and noise generated by the
operation of circuit breakers, disconnects and switches, and to electrical surges. It shall be
insensitive to harmonics of speech signals.

The teleprotection equipment is to be used together with the PLC equipment. It shall comprise
modules, which are directly plugged into reserved slots of the PLC equipment.

The Protection Coupler shall use microprocessor techniques with digital signal processing, to
meet the stringent requirements for command transmission over PLC links even under adverse
channel conditions.

Full duplex transmission of up to two non-coded permissive or blocking commands plus two
coded prioritised direct tripping commands shall be possible for the protection of single and
double lines including breaker failure protection.

12.2  Test Facilities

The equipment shall be constructed such that in permissive line protection system, operational
reliability of the protection channels may be checked over the carrier link by means of a Local
and End To End loop test. It shall be possible to carry out the above test from either end of the
carrier link. During healthy condition of the transmission line, the loop test shall not initiate a
tripping command. In the event of a system fault, while loop test is in progress, protection signal
shall over-ride the test signal.

It shall be possible to test the protection link from either end. This test procedure must not
initiate a tripping command.

Facilities shall be provided for displaying and extending alarms (including the tone generator),
trip and test conditions and for monitoring and measuring levels. The following operating
conditions shall be visually indicated:

. Protection in service
. Protection out of service
o Equipment under test

A cyclic and a manual loop test procedure shall allow in-service testing of the teleprotection
channel. Internal self-tests shall continuously supervise the equipment’s operating ability.

A hand-held terminal shall be supplied and shall be connectable to a diagnosis interface to
display service and operating information.

12.3  Channel Requirements

The equipment shall be suitable for transmission of direct and permissive trip signal as well as
blocking signals for protective gear of power system. The equipment shall be operated in the
audio frequency range in speech band or above speech band as superimposed channel in 4 kHz
band of SSB carrier. The equipment shall operate with full duplex frequency shift mode of opera-
tion. The protection signalling equipment shall be of solid state design, modular in construction
and have a proven operating record in similar application over EHV systems. Details regarding
application of the equipment over 400kV/220kV systems shall be submitted along with the bid.
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In its minimum configuration, the Protection Coupler shall convey four independent commands.
The four commands are grouped into two non-coded permissive and two coded direct tripping
commands, the latter having priority. The first and second main protection schemes with
redundancy features are shown in the relevant drawings in the schedules.

The arrangement shown in the drawings is for guidance only and actual arrangement shall be
developed by the Contractor in co-ordination with protective relay supplier. The parallel wiring
should however retain the concept of two protection channels of each type of protection with each
backing up the other 100% during normal operation and also permit testing without affecting the
other. The Contractor shall submit drawings showing inter-connection between PLCC and
protection panels for approval by the Owner.

The protection coupler shall be designed for transferring commands in blocking, permissive and
direct transfer tripping schemes. An unblocking output to be used in deblocking schemes with
overreaching first zones and without starters shall be available on the unit.

The command interfaces to the protection relays and alarms shall be free and d.c. isolated from
ground and all other circuits. Each of the tripping outputs shall have associated auxiliary signal
output. The standard relay interface modules are to be fitted with tripping signal counters.

The protection coupler shall use the pilot signal of the PLC as a guard signal. The guard signal is
to be continuously evaluated on the receive side. In case of insufficient signal quality (signal-to-
noise ratio or signal level) the protection coupler shall initiate an alarm.

In the command state, the protection coupler shall cut the guard signal (pilot) and transmit the
command signal within the PLC speech frequency band. It shall be possible to boost the
command signal to the maximum available transmitter power. The speech and data signals on the
same channel are to be interrupted during the short time of command transmission.

As soon as the receiver recognises the missing guard signal and simultaneously detects a valid
command signal, the corresponding command output relay is to be operated. Simultaneous loss
of a command signal and the guard tone shall lead to an alarm.

A number of frequencies corresponding to the individual commands or command combinations
are to be provided in the PLC speech frequency band. Depending on the application (permissive
or direct tripping) these frequencies are to be assigned to the actual command. Setting up of the
equipment and adapting to field requirements is to be done by means of programming switches
on the modules.

It shall be ensured that under no circumstances should the protection channel share the power.
Each protection channel shall be able to transmit the power for which the system is designed. For
example, a 40 W PLC terminal shall transmit 40 Watt (max) for protection channel alone in the
event of fault. Speech and super-imposed data channels, in the same protection terminal must be
disconnected momentarily during the operation of protection channels.

The equipment shall be complete with built in counters for counting the number of trip
commands sent and number of trip commands received.

The Contractor shall develop drawings showing interconnection between protection panels and
PLCC panels and submit the drawings for Project Manager’s approval. Supply, laying and
terminating of control cables for interconnection between protection panels and PLCC panels at
each substation, for the transmission lines covered under this specification, shall be included in
the Contractor’s scope of work.
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12.4  Operating time

The equipment shall be designed for remote tripping/ blocking on permissive basis and direct
tripping for reactor fault and others. The overall time of PLC, VFT and transmission path for
permissive trip/blocking shall be 20 milliseconds or less.

Operating time lower than that specified above may be offered provided the equipment meets the
following requirements of security and reliability:

° False - trip probability (noise burst of any amplitude): 1072

® Fail to trip probability (for S/N 6dB in 3.1kHz band - white noise measurement): 10-2
The specified time mentioned above comprises the following :

a) Back-to-back signal delay in frequency shift or coded signals protection equipment.

b) Back-to-back delay in PLC terminal.

C) Delay in transmission line.

d) Operation time of interposing relay, if any, in frequency shift or coding equipment.

Reference is invited in this regard to the guide lines expressed in CIGRE Publication
“Teleprotection" report by Committee 34 and 35.

12.5 Input/Output criteria

12.5.1 Transmit side

One potential free NO (normally open) contact of protective relays shall be provided for each of
the following functions:

° Each Permissive trip command

° Direct trip command

° Contact Rating: Maximum voltage: 660V
Maximum current rating: 5A
Maximum power rating: 1250 W/ VA

12.5.2 Receive Side

Voice frequency transmission equipment for network protection shall be provided with one
potential free NO (normally open) contact for each of the following functions:

o Permissive trip command
o Direct trip command
o Contact Rating: Rated voltage: 250 Volts DC
Rated current: 0.1ADC
Other parameters: As per IEC-255-0-20
12.5.3 Alarm

In addition, the voice frequency protection terminal shall provide at least one potential free
changeover contact for alarm purposes.

. Rated voltage: 250V DC
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o Rated current: 0.1ADC
° Other parameters: As per IEC 255-0-20

13. MODEMS (OWNER SUPPLY ITEMS - OPTCL)

13.1  General

The PLCC System shall be equipped with modems for data communication to the LDC SCADA
over the bearer circuits.

The signalling data rate of the modems shall be adjustable between 200 - 2400 Baud. The
modulation method shall be Frequency Shift Keying (FSK) and modem frequencies and audio
bandwidth shall be in accordance with ITU recommendations.

Where necessary, modem audio connections to the site cables shall be protected by barrier
transformers and surge arresters, and shall provide 15 kV of isolation.

The modems shall have front panel indications for Carrier Detection and Rx /Tx Data.

The transmit output level should be adjustable between 0dbm and -25dbm with the typical output
level being set at 13dbm.

13.2  Channel parameters

Channel parameters are given in Table. 14.3. below.

CCITT Transmission | Frequency Channel Channel mean
channel rate (Baud) deviation spacing frequency adjustable in
(H2) bandwidth steps of 120 Hz
(Hz)
Lowest Highest
R35 50/75 +30 120 420 3900
R37 100/150 +60 240 480 3840
R38B 200/225 +90 360 540 3780
R38A 200/200 +120 480 600 3840
R38A 300/300 +120 480 600 3840
600 +240 960 840 3600
V23 1200 +400 2400 1700
1200 + speech +400 1640 2860
2400 +800 3200 1800/2000

Table. 14.3. Channel parameters

13.3  Faxequipment (To be supplied by the contractor)

The FAX equipment to be supplied shall be compatible to CCITT Group 3 and shall be of plain
paper type . The equipment shall be suitable for operation with PLCC equipment as well as with
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PSTN telephone network. The equipment shall be suitable for operation with 230V single phase
supply.

13.4  AC/DC distribution board (To be supplied by the contractor)
13.4.1 General

The Contractor shall provide and install power distribution boards for the PLCC equipment
defined in the previous sections. The distribution boards shall distribute power to the equipment
and protect against failures on feeder circuits supplying the equipment. The scope of supply shall
include distribution boards, installation, cabling, conduit and all associated hardware and
accessories required to provide power from the station auxiliary power supplies to the PLC
equipment loads.

13.4.2 AC distribution boards

One AC distribution board shall he supplied at each control room/PLCC room for power
distribution to the PLC loads. Each panel shall include a minimum of twenty (20) load
distribution moulded case circuit breakers. Contractor shall co-ordinate breaker sizing and
protection with the PLCC equipment.

13.4.3 DC distribution boards

Separate DC distribution boards shall be provided at each control Room/PLCC room. The DC
distribution boards shall provide 48 volt DC power supplies to communication equipment.

DC distribution board shall be fitted with a main MCCB of bi polar type rated for 3,000A at 48V
DC and a minimum of 20 manually operated, single pole, feeder circuit. The Contractor shall
co-ordinate feeder breaker sizing and protection with the communication equipment. All breakers
shall he fitted with magneto thermal tripping and shall comply with IEC 157-1.

14.  TESTING AND MAINTENANCE EQUIPMENT (OWNER SUPPLY ITEMS —
OPTCL)

Besides the stipulations made elsewhere in this Specification the testing and maintenance
equipment shall conform to following technical particulars. Each set of these equipment shall
consist of one of the following items.

1. 200HZ to 620kHz Selective Level Meter (SLM) including impedance and return loss
measuring attachments compatible with level generator (item 2 below).

2. Level Generator with a range of 50Hz  to 620kHz including facility for
synchronisation with SLM.

3. Eight digit time interval and frequency counter with a frequency range of 1Hz to 10MHz
and timer range of one microsecond to one second in decade steps.

4. Dual trace 15MHz oscilloscope with a display screen 8 x 10 cm and input impedance of 1
Mohm/25 pF with a deflection co-efficient of 5SmV/div to 20V/div.

5. Four and a half digit LCD Multimeter with an input impedance of 10 Mohm and a range

of 0.1 mV to 1000V DC, 0.1 mV to 600V AC, 0-10A DC and 0-10A AC (40Hz to 10kHz) and O -
20 Mohm with built-in power-supply.

6. Print test kits for PLC terminal, E/M interface, and subscriber unit, protection coupler,
EPAX etc..
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15.
15.1 General

15.2  Factory tests to be performed on line traps

The following type tests in accordance with IEC 353 shall be performed on each type of line trap
in presence of the Project Manager. Test reports shall be subject to the approval of the Project
Manager before shipment of the equipment. The cost of doing each of these tests shall be indicat-
ed in the relevant Schedule of the Bidding Document.

a) Measurement of inductance of the main coil
b) Measurement of temperature rise

c) Insulation tests

d) Short time current tests

The following additional type tests shall be conducted on line traps along with other type tests
mentioned in IEC 353.

a) Corona extinction voltage test
b) Radio interference voltage measurement

Procedure for these tests shall be mutually agreed. Prices for these type tests shall be quoted in
relevant Schedule of the Bidding Document.

The line traps shall be subject to routine tests as per IEC 353.

The Bidder shall furnish along with his Bid the reports of type and routine tests conducted on
similar equipment earlier as per IEC 353.

15.3  Factory test requirements for coupling device

The coupling device including the drainage coil, surge arrester and earthing switch shall conform
to type tests and shall be subject to routine tests as per IEC 481/IS 8998.

Routine tests shall include but not be limited to the following :

° Composite loss and return loss tests on coupling device.
° Turns ratio test and insulation tests on the balancing transformer.
° Milli volt drop test, power frequency voltage test and mechanical operation test on

earthing switch.
. Power frequency spark over test for lightning arrester as per relevant IS/IEC.

Bidder shall furnish along with his Bid copies of all type and routine test conducted earlier on
similar coupling devices in accordance with relevant standards.

15.4  Factory test requirements for HF coaxial cables

The HF cable shall conform to type tests and be subjected to routine tests in accordance with IEC
96-2/BS 2316/1S 5802.
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15,5 Factory tests on EPAX

The PAX shall be tested in accordance with the relevant CCITT Recommendations and IEC
specifications. In addition, all the functions and features specified shall be tested.

15.6  List of commissioning tests on complete system

The following tests shall be carried out on complete system/subsystem during commissioning:

1. Composite loss and return loss on coupling device using dummy load.

2. Composite loss (attenuation) for HF cable coupling device.

3. End to end attenuation measurement for verification of optimum coupling mode. Test
shall be done for all combinations.

4, End to end return loss for optimum coupling mode with.

o open behind line trap.

. grounded behind line trap.

5. If end to end return loss for optimum coupling mode is not satisfactory, same shall be
measured for other coupling modes also.

6. Adjustment of Tx/Rx levels on PLC equipment as per test schedule.

7. AF frequency response (end to end) for the entire 4kHz bandwidth for speech and
operation channels.

8. Measurement of noise in 2kHZ bandwidth with and without line energised.

9. SNR (test-one) with line energised noting down weather conditions.

10. Transmission time for teleprotection and other data channels.

11. Observation of Tx/Rx levels (test-tone) for each channel at both ends by sequential
switching on/off parallel channels using dummy load and also with the transmission line.

12. Observation of end to end and trunk dialling performance.

13. Observation of end-to-end protection signalling (command sent and received) in

conjunction with protective relays, noting down transmission/receipt of unwanted commands
under switching operations in the switchyard during protective relay testing.
15.7  Notes on testing

All measurements for link attenuation, composite loss and return loss shall be carried out for the
entire range of carrier frequencies with specific attention to the frequencies as follows:

. Frequencies within coupling device bandwidth.
. Frequencies within line trap bandwidth
. Operating frequencies.

The following tests shall be carried out independently at each end:
. Composite loss and return loss for coupling device.

. Attenuation test for HF cable + coupling device.
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° Levels and other local adjustments (on dummy load). Final adjustment shall be on end
to end basis.

. Test for loading by parallel channels with dummy line load. This test can be done
along with tests for coupling device.

. Protection signalling under local loop-test (dummy load).

All end to end tests shall require availability of healthy complete line for a duration of
approximately 5 days.

Necessary test instruments required for all the above tests shall be brought by commissioning
engineers of the contractor.

16. NOTES ON COMMUNICATIONS RELATED ASPECTS

16.1  General

The OPTCL have proposed a unified telecommunications and control scheme. Under this
scheme the State Load Despatch Centre at Bhubaneswar will be improved and four Sub-Load
Despatch Centres will be established. An Interim Augmented Scheme has already been
implemented to provide a limited capacity master station and a relatively small number of RTU
outstations. A further interim development phase known as the Enhanced Interim Augmented
Scheme (EIAS) is currently under examination.

Overall telecommunications planning has to be considered in relation to the complete
transmission network. Services required between locations have to be decided as does the
bandwidth they require. Transmission media and routing are then to be planned. Services at
some stations require links not alone to the adjacent station but also tandem through other stations
in the network, for instance SCADA or express speech to the SLDC. Some of the projects under
PMU’s scope are included in the EIAS project. The EIAS project has already specified services
required to specific locations in respect of :

° Conduction of condition survey in respect of existing PLC equipment, both outdoor and
indoor removal of old equipment and addition of new equipment including reallocation of
equipment wherever necessary/possible.

° Administrative telephone and fax network requirement and advanced PAX systems
° Express telephone requirement to SLDC/Sub-LDC

° Requisite SCADA data channel network (main/standby)

° Provision of settlement metering data channels only

° Provision of high capacity communication network

EIAS project however does not cover the following :

. Provision of protection couplers for lines under this package for 220 KV and 400 KV
lines.

. Provision of EPAX for the sub-station:
. As indicated in the BPS sheet.

The scope of work under this contract and the facilities required in the network shall be broadly
classified under the following heads.
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1) Supply,erection,testing and commissioning of the equipments and materials at remote and
new end of the sub-station(except indoor PLC panels, which is owner supply items).

2) The erection, testing,commissioning works at both new sub-station and remote end are to
be taken care.

16.2  The administrative telephone network

The purpose of this network is to provide a means of non-urgent operational and/or administrative
telephone speech or fax communication throughout the whole OPTCL. This scope includes
supply and installation of equipment to sites which require the same.

This  will comprise of a mesh of mainly PLC based telephone circuits between adjacent
substations, each of which will require a EPAX to cater for telephones at that site, and the
switching of incoming and outgoing calls.

It is required that these switches are configured so as to provide a "closed" numbering system, i.e.
one in which each station and each telephone has a unique telephone number which can be
accessed from anywhere else on the network by simply dialling its unique number, routing then
being carried out automatically by the system. This numbering system is to be compatible with
the national numbering scheme being developed by POWERGRID.

In order to support FAX traffic it is necessary that the full available bandwidth of the
communications circuits is usable and therefore the Administrative telephone network cannot also
support data, teleprinter or protection over its constituent circuits. It is planned that the teleprinter
system wherever existing be allowed to run down, and that FAX facilities be used instead.

The administrative telephone network, being composed of short lines between adjacent
substations, is to be completely supported on PLC circuits and has to be configured with a certain
degree of interconnection so as to allow simultaneous calls to be set up over parallel routes in
some cases, and to give some resilience against outages. Whenever possible existing PLC’s using
modern equipment already in place shall be specified for this network. It shall be possible to
extend the network detailed by the addition of extra lines and EPAX’s as necessary. Where
optical fibre trunk routes have been specified for administrative speech channels, two or more
such channels have been allowed.

At the outer edges of this network there are some less important substations which already have
PLC circuits from an adjacent more important site. In these cases a single telephone is to be
installed, configured as a 'long-line' extension from the EPAX at the larger site.

Where the remote site is also defined as providing metering data and only has a single channel
existing PLC circuit then, rather than installing a separate PLC simply for infrequent use of
metering data transfer, the ability to relay FAX traffic has been sacrificed and the data channel
superimposed on the existing PLC with consequently reduced bandwidth for only speech.

The plan of the proposed administrative speech and fax network is shown in the sketches with
this Specification. The existing /proposed PAX installation list is given in the relevant schedule.

16.3  The express speech to SLDC network(Owners supply)

In order to impose effective control, the SLDC will require rapid call set-up to its constituent
substations and power stations. For this reason direct speech lines have been planned from the
SLDC to each such site, but instead of each terminating on a separate telephone in the SLDC (as
in the present SLDC) they will be presented on a communications console with key and lamp
control.

VOL-11 (TS) E18-PLCC- Page 32 of 38



The bandwidth of these circuits need not be as wide as that for the administrative network and
hence the use of cut-off filters will allow the upper frequencies to be used for data transmission
and/or teleprotection as necessary.

16.4  Data to the SLDC (owners supply)

The upper bandwidth of the express speech to the SLDC circuits will be used to carry the
associated data from the RTU’s. By cutting off the speech band at 2.0 kHz a 200 baud data path
can also be carried, as well as up to two 50 baud metering data channels and teleprotection as
needed.

Where required for critical substations, it shall have two such 200 baud data channels to the
SLDC and the all other substations have only one data channel. Whenever possible the routes of
the main and standby data channels shall be different in order to maximise reliability and
resilience.

The plan of the main and standby RTU data networks are shown in the schedules as is a list of the
RTU’s giving their facilities and recommended sizes.

16,5  Settlement metering data (owners supply)

The OPTCL distribution system is to be divided into ten distribution ‘circles’ formed into four
distribution 'groups’.

Settlement metering data will be required from the power stations, 400 kV supply points and the
inter-state connectors as well as the distribution bulk supply points.

The groups, and the bulk supply points (BSPs) in each group have been decided but the
geographic boundaries between the groups are not consistent with the boundaries between the
future generation and transmission sub-LDC areas.

Settlement metering data comprising half hourly data on MW, MWhr, MVAR and MVArh is
required, initially to be gathered at the SLDC but with facilities to allow the derived data to be
available to the future distribution companies.

A metering data network operating at 50 baud will therefore be required. This is shown in the
schedules.

This network is to be provided under this Contract. This will allow all distribution metering data
to be available at the SLDC, and in due course when the distribution companies are in existence,
data links from their respective offices to the SLDC will allow selected distribution metering data
to be supplied to them as required.

16.6  Teleprotection (owners supply)

Teleprotection equipment already exists in OPTCL for the protection of most 400 KV AND 220
kV lines and some 132 kV lines.

The protection coupler requirements for 400kV , 220kV, and 132 kV levels have been shown in
the schedules.

It is proposed that the same philosophy be adopted. Therefore all 400 KV and 220 kV lines will
have teleprotection as well as the important 132 kV links.
16.7  Trunk networks (owners supply)

The requirements of the Load Despatch Communications network in the scope of EIAS cannot be
met by PLC equipment alone. Therefore there will be an additional trunk network which will
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interconnect the proposed sub-LDCs and the SLDC. In addition a number of key power stations
and substations have been included.

Scope of EIAS already covers the required communications between the SLDC and the future
sub-LDC’s. There will be a full network of high capacity optical fibre links/microwave between
these sites. These are shown in schedules. While designing the PLC network under the present
scope of work these high capacity communication networks shall be kept in view and shall be
utilised wherever possible.
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ODISHA POWER TRANSMISSION CORPORATION LIMITED

TECHNICAL SPECIFICATION

FOR
DISTRUBUTION BOARDS
1) ACDB
2) DCDB

3) OTHER CONSOLES INCLUDING BMK

1) TECHNICAL SPECIFICATION FOR DISTRIBUTION BOARDS

General

Requirements of AC and DC systems
The electrical auxiliary systems shall be of a quality commensurate with the performance,

reliability and availability requirements of the substation.
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The electrical station services shall be in accordance with all the relevant standards, shall satisfy
the requirements specified herein and shall be designed to operate in the environmental
conditions specified in the relevant sections of this Specification.

The electrical station systems shall be required to provide the voltage classes indicated in Table
1.1. for operation of various plant equipment operating mechanisms, plants, control and
communication systems

Nominal Tolerance Frequency Phases Wires Neutral
Voltage V Hz or DC Connection
430 +10% 50+5% 3 4 Solidly earthed
240 +10% 50+5% 1 2 Solidly earthed
220 187V to 242V DC DC 2 Isolated 2 wires
50 +10% DC DC 2 +ve earthed
Table1.1.  Voltage classes

The auxiliaries shall be capable of withstanding all over frequency and undervoltage conditions
without loss of supply to the power circuits or shutdown of any auxiliary system meeting the
essential loads of the substation plant and equipment.

Configuration

The basic design of the substation electrical auxiliary services shall be as shown in the
schematic drawing. This drawing is for guidance only and the Contractor may propose an
alternative keeping in view the design philosophy stipulated in this section of the Specification.
The design philosophy for auxiliary supply systems shall be as follows:

a) The AC supply for station auxiliary systems shall generally be obtained from a single source
from the local distribution network having a track record of good power availability. For 400/220kV
substations two separate sources shall be used.

b) Where 11kV or 33kV busbars are available at the substation site station auxiliary transformers
shall be installed to provide reliable auxiliary power supplies. At least two auxiliary transformers of a
rating sufficient to feed the substation load shall be installed. Where specified, in order to meet the
station essential loads a back-up supply from a standby diesel generator set shall be provided. The
requirement of diesel generator sets have been indicated in the bill of quantity of relevant schedules.

c) The Contractor shall estimate loads of the substation and determine the required capacity of
station auxiliary transformers and diesel generator set and submit same for the approval of the
Project Manager. The contractor shall classify the loads based on the principles defined in the
following clauses.

Load Classes

Essential loads

These are loads whose failure will affect the capability of the station and station plant and
equipment. These loads shall include cooling and other auxiliaries of transformers and reactors,
non-interruptible power units, auxiliaries of reactive power compensator, and station services
of the relays in the substation.

Emergency loads

These are loads that must remain in service during complete loss of the ac power supply. These
loads shall include the station battery chargers, disconnecting switch and circuit breaker
operating mechanisms, control room air-conditioning and the emergency lighting of the
switchyard and control building. Some emergency loads operate on ac voltage and the others
on dc voltage.
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Normal loads

These loads, whose failure does not affect capability, shall include but not be limited to control
building and switchyard lighting, control building air-conditioning except in control room, air
compressors, normal and fire-fighting water pumps, oil treatment loads, etc.

Basic design criteria

The failure or the disconnection for maintenance of any motor, feeder, motor control centre, or
415V power centre or auxiliary transformer shall not affect the power transmission capability
of the substation.

To achieve the above criteria, the following facilities shall be incorporated, by the Contractor, in
the design of the auxiliary systems :

1. Highly reliable duplicate primary supply sources, with automatic change-over facilities.

2. Duplicate essential loads (e.g. cooling pumps, fans, heat exchangers, etc.). Duplicated
loads shall be supplied from two different 430VAC distribution boards (ACDB). Essential
loads which are not duplicated shall have duplicated supply circuits with the source having
auto change over facility.

3. Provision of a diesel generator set for the essential loads. The generator shall start up
automatically, in case of loss of all normal and stand by supplies, to feed the essential loads
and emergency loads.

4. In order to limit fault currents, to prevent back feed into the AC bus, and to ensure
independence of supply sources, parallel operation between station service transformers
shall not be permitted at any voltage level. Also parallel operation shall not be permitted
between transformers and diesel generator.

5. System shall be clear and simple to operate to minimise the risk of loss of supply due to
human error.

6. The Contractor shall design the LV distribution system to ensure that the voltage supply
limits are maintained at all times and that the switchboards and cabling are never overloaded.
On larger stations it may be necessary to supply more than one main LVAC switchboard.

415V AC distribution system

General

The 430V secondary distribution system shall comprise 430V power centres serving the
different classes of loads either directly or through motor control centres.

Each power centre shall consist of two sections, supplied through two station service
transformers of adequate capacity. Each transformer and each section of the 430V power centre
shall be designed to carry the total load of both sections. The two sections shall be
interconnected through normally open bus tie breakers and normally closed fuse disconnects.
An automatic transfer scheme shall be incorporated within each power centre. This transfer
scheme shall automatically disconnect the voltage deficient bus and then re-energise it from the
healthy bus.

Restoration of normal supply conditions shall automatically return the power centre to the
normal operating mode. The 430V power centres shall be of the metal enclosed switchgear type
according to the relevant IEC or Indian Standards.

AC distribution board.
The ACDB’s shall be in accordance with the relevant IEC or Indian Standards and shall also
comply with the following requirements:

e The MCC shall be located near the supplied loads or inside the control room at a suitable
place.
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e The circuit breakers of the MCC shall be individually interlocked to prevent paralleling
of two different power centre buses.

e The 240V loads shall be supplied by 240V panels located in the MCC or outside the
MCC where it is required.

Supply of essential loads

Essential loads shall be fed from ACDB-1 and ACDB-2 respectively. A diesel generator set
shall be connected as indicated in schematic drawing so as to meet the complete requirement of
the essential loads of the substations. ACDB’s shall be independently fed from two different
sections of the main distribution board.

Supply of emergency loads

The emergency loads shall also be supplied from essential bus ACDB-1, ACDB-2, 220V
DCDB-1 and 220V DCDB-2, and 50V DCDB-1 and DCDB-2 as shown in the schematic
drawing.. These loads shall be supplied from the two different buses under duplicate supply
philosophy. Switchyard bay kiosks shall be fed from the two different buses alternatively and
interconnected locally with auto changeover switches. Power supply to equipment operating
Mechanisms shall be fed from the respective bay kiosks.

Supply of normal loads

Normal loads shall be fed through motor control centres connected with two cables to two
different sections of the 415V power distribution centres. A manual change-over switch shall
be installed in each MCC, so that the supply is not lost in case of maintenance of one section of
the 415V power centre or for a fault. These MCC shall also supply the lighting and small
single-phase loads through 240V lighting or distribution panels, located in the MCC and all
over the substation.

Some loads, such as switchyard lighting and air-conditioning of the control buildings, normal
and fire-fighting water pumps, shall be supplied by duplicate feeders so as not to interrupt
working in case of maintenance of one of the sections of the power centre.

For oil treatment and welding, special service outlets shall be provided in local 415V motor
control or distribution centres.

2.0 LVAC supplies and equipment

General

Switchboards shall be of the free standing design, suitable for mounting directly above the cable
trenches laid inside the control room. Cable trench walls shall be flush with the control room
floor. Switchboards shall be suitable for terminating all incoming and outgoing cables and will
normally be of the bottom rear entry type, generally in accordance with IEC 947 and 439 and of
metal clad design arranged for drawout isolation. Switchboards shall be equipped with circuit
breakers and moulded case or miniature circuit breakers. The use of fuse switches will not be
permitted.

LVAC scheme

General requirement

The 415V incoming supplies shall be derived from the station auxiliary transformers or in the
case of a loss of supplies, from the standby diesel generator where ever applicable. The two
incoming supplies shall be interlocked to ensure that only one of the two circuit breakers can be
closed at any one time. Where a bus section circuit breaker is provided it shall also be suitably
interlocked to prevent the station auxiliary transformer from being backfed.
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Main distribution board

The two sections of the main distribution board shall be supplied from separate station auxiliary
transformers. The two sections shall have automatic change over facilities in the event of
failure of supply from one source. Each section of the board shall feed the following panels:

o Main lighting distribution board

o Fire fighting pump house.

o AC and ventilation plant

. Maintenance equipment and oil treatment plant supplies.

AC distribution board

This shall comprise two sections each of which shall be supplied through different cables from
both sections of the main distribution board. Each sections shall be equipped with a back up
feed from the standby diesel generator set with automatic change-over facility to generator in
the event of loss of supply from the main distribution board.

The AC distribution board shall supply the following loads:

o Control room supply for panels, computers, etc..

o One section of the 220V battery charger / rectifier.
o One section of the 50V battery charger / rectifier .
o 50% of switchyard bay marshalling kiosks.

o Emergency AC lighting system.

o Transformers and reactors (cooling devices and OLTC panels)
o Fire water and civic water pumps
o Spare feeders for future use.

Main lighting distribution board
The main lighting distribution board shall receive incoming supplies from the two sections of
the main distribution board as well as a supply from the diesel generator set. This board shall
be further connected to lighting panels through a lighting sub-distribution panel. The panel
supplying emergency lighting load and the income from the diesel generator shall be equipped
to switch on in the event of failure of supply from the primary source.

3.0 Construction

Panels

For indoor applications the switchboards shall be of the cubicle pattern, each circuit being self
contained within its own cubicle (compartmentalised type). An access door shall be provided
for each cubicle such that access can only be obtained to individual circuits. Circuits shall be
segregated one from the other by earthed metal. For outdoor installation they shall be of multi-
box construction.

Sheet steel for fabrication of the panels shall be a minimum of 2 mm thick cold rolled grain
oriented sheet steel or 2.5 mm hot rolled sheet steel.

All panel edges and cover/door edges shall be reinforced against distortion by rolling, bending
or by the addition of welded reinforcement members.

Switchboard
Switchboards shall be vermin proof and suitable for use in a tropical climate. All ventilating
louvers shall be covered with a fine mesh from inside.
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All switchboards shall be provided with a degree of protection of IP 52 as per IEC 947 or
equivalent Indian standard. Provision shall be made in all compartments for providing IP 52
degree of protection, when circuit breaker or module trolley, has been removed.
Switchboards shall be of uniform height and shall not exceeding 2450 mm.

Switchboards shall be easily extendible on both sides, by the addition of the vertical sections
after removing the end covers.

All switchboards shall be divided into distinct vertical sections, each comprising:

1. A completely enclosed busbar compartment for horizontal and vertical busbars. Busbar
chamber shall be completely enclosed with metallic partitions. Bolted covers shall be
provided for access to horizontal and vertical busbars and all joints for repair and
maintenance. Access shall be possible without disturbing feeder compartment.

2. Completely enclosed switchgear compartment(s), one for each circuit for housing circuit
breaker or motor starter.

3. A compartment or alley for power and control cables. Cable alley door shall preferably
be hinged. Cable alley shall have no exposed live parts, and shall have no communication
with busbar chamber.

4. A compartment for relays and other control devices associated with a circuit breaker.
All access doors shall be provided with facilities for locking in the closed position. It shall be
possible to move each circuit breaker or MCCB to the disconnected position without the need to
open the cubicle access door. Attempted disconnection of a circuit breaker or MCCB when in
the closed position shall not result in tripping of the particular equipment.

4.0 Cubicle

Cubicles may be arranged vertically in tiers, the number being limited only by the need to
ensure that circuits are thermally independent.

It shall be possible to work within each cubicle with the equipment withdrawn whilst the
incoming contacts are energised. The minimum requirements for protection shall be:

o Insulating barriers installed between phases within the cubicle.

o An insulating cover to be affixed over the protruding feeder and busbar connections
when the equipment is withdrawn.

Where this is not available, protection shall be provided by automatically operated shutters. It
shall be possible to open the shutters intentionally, against spring pressure for testing purpose.
Each phase of the down dropper connections from the busbars to the equipment isolating
contacts shall be separated from the incoming or outgoing connections and from the other
phases by barriers.

Cubicles shall be suitable for terminating all necessary cabling whether of copper or aluminium
conductor design. It shall be possible to terminate any cable whilst adjacent circuits are
energised.

5.0 Busbar and other equipment housing

All incoming connections, busbars and feeder connections up to the particular MCCB shall be
capable of the short time current rating specified, but connections beyond the MCCB need only
be matched to the MCCB characteristic.

The overall height of each tier of cubicles shall be such that the operating handles of all
equipment are within the reach of a person standing at ground level. Control switches as
specified shall be fitted and suitably labelled to indicate their function.

The equipment shall be complete with cable boxes and glands suitable for XLPE or PVC
insulated cables.

The switchboard shall be provided with 240V single phase ac illumination and anti-
condensation space heaters and each heater shall be provided with an ON/OFF switch.
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Sheet steel barriers shall be provided between two adjacent vertical panels running to the full
height of the switchboard, except for the horizontal busbar compartment. Each shipping section
shall have full metal sheets at both ends for transport and storage.

All equipment associated with a single circuit shall be housed in a separate compartment of the
vertical section. The compartment shall be sheet steel enclosed on all sides with the with-
drawable units in position or removed. The front of the compartment shall be provided with a
hinged single leaf door complete with locking facilities. The main switch shall be operable from
outside and will be interlocked with the compartment door such that the latter can be opened
only when the switch is off. However, it shall be possible to defeat this interlock and open and
close the door with the switch ON. The main switch shall have the facility of being pad-locked
in both ON and OFF positions. The switch handle shall clearly indicate the position of main
switch.

After isolation of power and control circuit connections it shall be possible to safely carry out
maintenance in a compartment with the busbar and adjacent circuit live. Necessary shrouding
arrangement shall be provided for this purpose over the cable termination located in cable alley.
The temperature rise of horizontal and vertical busbars when carrying rated current along its full
run shall in no case exceed 55C, with silver plated joints and 40C with all other type of joints
over an outside ambient temperature of 50C.

All single front switchboards shall be provided with removable bolted covers at the rear. The
covers shall be provided with danger labels.

All identical circuit breakers and module chassis of same test size shall be fully interchangeable
without having to carry out modifications.

All 415V switchgear cubicles shall be of single front type, with fully withdrawable circuit
breakers, which can be drawn out without having to unscrew any connections. The circuit
breakers shall be mounted on rollers and guides for smooth movement between SERVICE,
TEST and ISOLATED positions and for withdrawal from the switchboard. Testing of the
breaker shall be possible in the TEST position.

Wherever two breaker compartments are provided in the same vertical section, insulating
barriers and shrouds shall be provided in the rear cable compartment to prevent accidental
contact with the live parts of one circuit when working on the other circuit.

All disconnecting contacts for power circuits shall be of robust design and fully self aligning.
Fixed and moving contacts of the power drawout contact system shall be silver plated. Both
fixed and moving contacts shall be replaceable.

All modules