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1 GENERAL TECHNICAL REQUIREMENTS (SECTION 1)
All General requirements, Electrical requirements, Mechanical requirements and Installation requirements regarding protection, control, monitoring and energy metering system must be in compliance with General requirements (including General technical requirements) of Tender, Technical specifications and Technical data schedule requirements. Design requirements including requirements for cubicle design and wiring, AC/DC system supply and wiring, selectivity and number of AC/DC MCB-s, terminal boards and blocks, earthing, heating system, used materials … must be in compliance with General requirements (including General technical requirements) and General design requirements of Tender, Technical Specifications and Technical data schedule requirements.

2 TECHNICAL SPECIFICATIONS (Section 2)
2.1 GENERAL

2.1.1 Description

This is basically performance-type Specification and covers only those general aspects that are meant to ensure a minimum standard of quality and performance. Other details and specific data are contained in the Tender Drawings, Technical Data Schedules and other documents that form part of this Tender.

This section relates to the protective relay system for all the proposed contracted substations.
The protections terminals shall comply with the following standards for electrical withstand and noise immunity, and shall meet functional and operational requirements. Unless otherwise stated in this Specification, the delivery shall fulfill all requirements of all applicable IEC, IEEE, EN and ISO standards. All standard versions (including all amendments and revisions) have to be applied as they are valid on the date of tendering or the date of contract, whichever is applicable. The delivery shall at least comply with the following standards, and all standards referenced therein:
· IEC 60255

· IEC 60068

· IEC 61000

2.1.2 Scope of Supply

The supply and services to be performed by the Contractor shall comprise manufacture of the equipment, design and assembling of cubicles, configuration and setting of numeric protective relays, workshop testing, packing, transport, insurance, unloading, replacement of defective items, submission of documentation for both, relays and cubicles, training of the Beneficiary’s personnel.

The Contractor is bound to provide complete and the newest (last generation) equipment and services, even if the equipment or services to be provided are not mentioned specifically in the following specifications.

2.1.3 Terminal Points

Terminal points define the division points between equipment supplied under this Section and all other equipment. The terminal points shall be connection terminals in protection cubicles.

2.1.4 Technical Data

· Frequency:



50 Hz

· Rated secondary voltage:

100 V A.C. (phase to phase)


· Rated secondary current: 

1 A  A.C. (if not otherwise stated)

· Auxiliary voltage: 


220 V D.C. (if not otherwise stated)
· BI threshold level of all terminals
>60% of auxiliary voltage

2.2 EQUIPMENT REQUIREMENTS

2.2.1 General

All protective systems / relays shall comply with the relevant parts of the latest issue of IEC 60255. If IEC Publication does not cover the relevant matter, the Contractor shall observe the Engineer/Beneficiary’s instructions.

The Contractor is free to propose the protection systems / relays with modifications considered by him as improvement or as necessary to suit his equipment. Each such modification shall be described in detail and, if approved by the Contracting Authority shall be treated as contracted.
The Contractor shall include in his Tender, whether mentioned or not in the tender documents, all components necessary for the proper and reliable functioning of the protection systems / relays under all normal and abnormal conditions of the protected equipment and electric power system.
All equipment specified under this section shall be located in relay houses (S/S Vranje 4), and maximum number of bays per relay houses are: four complete bays 110 kV, two 400 kV bays are foreseen in one relay houses.
All relay equipment of all voltage levels (110 – 400 kV) should be located in the relay cubicles and grouped on a per bay basis, each bay being allotted its own cubicles.
The protection equipment should be mounted in dedicated cubicles, separated from the control equipment cubicle. Design proposal of the cubicles is subject to Engineer/Beneficiary’s approval.
Main & other protection terminals and bay control terminals must be made by the same Manufacturer. The Main 2 and Main 1 protection terminals for 400 kV OHL, Main 2 and Main 1 protection of power transformer 400/110/X kV must be made by different Manufacturer. Busbar protection, AVR for OLTC and remaining equipment might be made by different Manufacturer. However, all protection terminals shall be fully microprocessor based.

All drawings, design, calculation studies must be in Serbian language. All other documentation, manuals, software, training, etc. must be in English (obligatory) and optional Serbian language.
All equipment, design, configurations, parameters and Contractor proposals must be approved by Engineer/Beneficiary.
Contractor should, following guidelines in this document, knowing the parameters of the specification of his equipment in detail, and according to his best knowledge and experience, provide an optimal solution to fulfill these requests.

2.2.2 Mechanical Requirements

All relay cases shall prevent the ingress of dust and shall meet the requirements of the latest IEC 60529, classification IP50, and category 2.

2.2.3 Indications

Each relay or protection scheme shall be provided with an adequate number of LED, HMI-LCD indications to ensure that the appropriate faulted phase, zone, etc, can be easily identified when the fault occurs. Local and remote reset of each protection device shall be provided.
2.2.4 Contacts

Each protection relay or protection scheme shall be provided with an adequate number of output contacts of suitable rating for tripping, alarming, indications, disturbance recording, etc. Trip contacts shall be designed to interrupt trip coil current.
2.2.5 Impulse and High Frequency Withstand Capability

All solid-state equipment shall be designed to withstand the impulse and high frequency test requirements (Class III) as specified in IEC60255-4, Appendix E.
2.2.6 Power Supply

Each individual rlay device should have its own power supply module protected by dedicated MCB. Power supply module shall be DC/DC converter that provides full isolation between the terminal and the stationary battery. Module must be protected against reverse polarity. Range is 220 ± 15 % Vdc.
2.2.7 Communication System for Protection
All protection devices shall support local and system communication. Preferred medium for system communication is fibre optic. All necessary communication devices, hierarchy, redundancy and interfaces depend on Contractor concept. System must support remote (control room or RCC / NCC) mode of operation for common data requests (reading of SOE records, fault records, time, status, parameter group changeover, etc.), initiated by local control system (SCADA) and by dedicated protection management system (maintenance or analyse purpose). All devices should comply with standard IEC 61850. Complete communication scheme and devices should be offered. All necessary devices, interfaces, plugs, sockets, cables, tools, software and adequate Laptop computer should be offered.

2.3 Protection Systems / Relays for Power System Individual Elements
The below mentioned requirements give typical protection systems / relays / devices to be applied for the power system individual elements:

2.3.1 Protection of 400 kV OHL – Long

· 
Code 14101 and 14102

To protect 400kV overhead line (Long more than 8 km) the following protection systems / microprocessor-based relays / devices shall be provided:

· Two (2) protection terminals (Main 1 and Main 2) of different Contractors, with following functions: distance protection, AR (automatic reclosure) (1+3ph), communication scheme logic (teleprotection for distance protection and teleprotection  for DEF), synchro & energizing check, power swing detection, event recorder, disturbance recorder, fault locator, switch onto fault logic, power system supervision (asymmetry and broken conductor monitoring), directional earth fault protection - DEF,  multistage three-phase overcurrent protection, multistage earth fault overcurrent protection, overload protection, weak infeed logic (in conjunction with teleprotection), secondary circuits supervision, pole discordance logic, operational measurements and self-supervision.
· Trip circuit supervision relays for each coil.
· -Circuit breaker pole discordance protection (contact based).
· High speed tripping relays.
NOTE: Protection terminals Main 1 and Main 2 must be made by the different Manufacturer.
2.3.2 Protection of 110 kV OHL – Long

· Code 14103

To protect 110kV overhead line (Long more then 8km) the following protection systems / microprocessor-based relays / devices shall be provided:

· One (1) protection terminal (Main), with following functions: distance protection, AR (automatic reclosure) (1+3ph), communication scheme logic (teleprotection for distance protection and teleprotection for DEF), synchro & energizing check, power swing detection, event recorder, disturbance recorder, fault locator, switch onto fault logic, power system supervision (unsymmetry and broken conductor monitoring), directional earth fault protection - DEF, multistage three-phase overcurrent protection, multistage earth fault overcurrent protection, overload protection, weak infeed logic (in conjunction with teleprotection),  secondary circuits supervision, pole discordance logic, operational measurements and self-supervision 

· One (1) back-up protection terminal, with following functions: multistage three-phase overcurrent protection, multistage earth fault overcurrent protection, directional earth fault protection - DEF, event recorder, disturbance recorder and self-supervision.
· Trip circuit supervision relays for each coil.
· Circuit breaker pole discordance protection (contact based).
· High speed tripping relays.
NOTE: Busbar protection bay unit terminal could be used as back-up protection terminal.

2.3.3 Protection of 110 kV OHL - Short

· Code 14104

To protect 110 kV short overhead line the following protection systems / microprocessor-based relays / devices shall be provided:

· One (1) protection terminal (Main ) following functions: phase segregated line differential protection, back-up distance protection,, AR (automatic reclosure) (1+3ph), communication scheme logic (teleprotection for distance protection and teleprotection for DEF), synchro & energising check, power swing detection, event recorder, disturbance recorder, fault locator, switch onto fault logic, power system supervision (unsymmetry and broken conductor monitoring), directional earth fault protection - DEF, multistage three-phase overcurrent protection, multistage earth fault overcurrent protection, overload protection, weak infeed logic (in conjunction with teleprotection),  secondary circuits supervision, pole discordance logic, operational measurements and self-supervision.
· One (1) back-up protection terminal, with following functions: multistage three-phase overcurrent protection, multistage earth fault overcurrent protection, directional earth fault protection - DEF, event recorder, disturbance recorder and self-supervision, self-supervision.
· Trip circuit supervision relays for each coil.
· Circuit breaker pole discordance protection (contact based).
· High speed tripping relays.
NOTE: Busbar protection bay unit terminal could be used as back-up protection terminal.
Appropriate terminal for Remote End should be delivered (Code 14004A) and also all installation, erection and commissioning tasks on Remote End should be provided by Contractor.
2.3.4 Protection of Power Transformer 400/110/X kV

· Code 14105 and 14106

To protect autotransformer 400/110/X kV – the following protection systems / microprocessor-based relays / devices shall be provided: 

· One (1) protection terminal (Main 1) located at 400 kV side, with following functions: Differential protection, restricted earth fault protection, multistage three-phase overcurrent protection (direct and inverse sequence), multistage earth fault overcurrent protection, event recorder, disturbance recorder, thermal overload protection, pole discordance logic and self-supervision 
· One (1) protection terminal (Main 2) located at 110 kV side, with following functions: Differential protection, restricted earth fault protection, multistage three-phase overcurrent protection (direct and inverse sequence), multistage earth fault overcurrent protection, event recorder, disturbance recorder, thermal overload protection, pole discordance logic and self-supervision.

· One (1) protection terminal located at 110 kV side, with following functions: bi-directional distance protection, multistage three-phase overcurrent protection, multistage earth fault overcurrent protection, power swing detection, secondary circuits supervision, pole discordance logic, and self-supervision.
· One (1) protection terminal located at X kV side (for protection of tertiary winding of power transformer) with following functions: multistage three-phase overcurrent protection,  multistage earth fault overcurrent protection, multistage  overvoltage-undervoltage protection, neutral displacement voltage protection, event recorder, disturbance recorder and self-supervision.
· AVR terminal for single and parallel mode (must be installed in control cubicle). The design must foreseen possibility of parallel work of two transformers.

· Power transformer should be protected by the following guard protections: Bucholtz relay, tap-changer Bucholtz relay, winding temperature relay, oil temperature relay, and pressure relief. Enough auxiliary and tripping relays should be provided for tripping of transformer guard protections

· Trip circuit supervision relays for each coil on 400 and 110 kV voltage side.
· Circuit breaker pole discordance protection for 400 and 110 kV voltage side (contact based).
· High speed tripping relays.
NOTE 1: Protection terminals Main 1 and Main 2 must be made by different Manufacturers.

NOTE 2: Protection terminal for tertiary winding should be delivered only in case if the tertiary winding is used for auxiliary supply of substation.

2.3.5 Protection of 400 kV, and 110 kV Busbars

Differential Busbar Protection (87B)

· Code 14110

To protect 400 kV, and 110 kV busbars, fully microprocessor-based busbar differential protection shall be foreseen. Protection should be distributed type with phase- segregated measuring systems, with integrated check zone, breaker failure protection, selective zone tripping, disturbance recorder, event recorder and self-supervision. Bay units shall be mounted in Protection cubicle of each particular bay. Central unit shall be located in the same Cubicle for Bus Coupler protection.

Centralized user-friendly configuration, easy to expand for further modification is required. The Contractor must deliver all necessary software and tools for configuration and modification (like change single line diagram).  

Protection shall not require CT secondary circuit switching and it shall avoid special requirements for CTs and auxiliary contacts for busbar isolators.

Busbar protection system shall be with integrated circuit breaker failure protection.

Distributed busbar protection should be offered. Local serial network for connection of busbar central unit to bay units shall be done through fiber optic cables.

· The busbar protection shall operate for both Ph-Ph and Ph-E faults 

· The protection must not use summation or interposing transformers and compensation of different main CT ratios shall be achieved numerically by a parameter setting

· The protection shall be stable for all external faults even with heavy CT saturation and up to the short circuit current rating of the switchgear, applied suddenly or with evolving faults and irrespective of the distribution of current between the individual circuits.

· There shall be fully discriminative clearance of busbar faults on any busbar 

· Signal of load transfer starting, which is used for selection of zones, shall be provided internally in busbar protection.
· The sensitivity shall be such that correct operation occurs during minimum plant conditions, irrespective of the number of circuits in service and the distribution of load and fault currents.
· Care shall be taken to ensure that the protection does not maloperate as a result of faults in the associated secondary wiring when the primary circuit is carrying load current. Continuous supervision shall be provided for this purpose.
· Operating time should be less than 20 ms and fault detection time less than 5 ms.
· Busbar protection system should be suitable / adaptable for future switchgear extension.
· Front side HMI
· All settings, indications and service values should be available via HMI
· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Communication port for front connected PC

· System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· External time synchronisation through the control system

· Event Recorder
· Disturbance Recorder
· Breaker Failure Protection (50BF)

· single-phase with/without current

· 2 -stage operation bay trip repeat/trip busbar
· Selectable operation mode 

· Independent settable delay times for all operation modes

· „Low current“ mode using the circuit breaker auxiliary contact
· The fault between bay CT and CB should be cleared by BF protection or end fault protection (transfer trip command)

· Failure of CB in transformer bay should trip both sides (HV and LV side) - intertrip signal.

· Failure of CB in OHL bay should trip both ends (local and remote) - intertrip signal.

· Independent breaker failure protection per bay unit

· Self-supervision
2.3.6 Protection of 400 kV, and 110 kV Bus Couplers 

· Code 14110

To protect 400 kV, and 110kV bus coupler the following protection systems / microprocessor-based relays / devices shall be provided:

· One (1) protection terminal, with following functions: Multistage three-phase overcurrent, multistage earth-fault overcurrent protection, event recorder, disturbance recorder, pole discordance logic, self-supervision.
· Trip circuit supervision relays for each coil.
· Circuit breaker pole discordance protection (contact based).
· High speed tripping relays.
Each bus coupler will be with one set of CTs.

2.4 Main Characteristics of Required Protection Systems / Relays
2.4.1 Protection terminals for 400kV -Long 

· Code No.:14001 & Code No.:14002

· Distance Protection (21):

· Full scheme distance protection min. 5 zones

Phase- Phase and Phase- Ground Distance Protection declared for extra high voltage network. The relay shall incorporate min.5 zones of distance protection for detection of phase to phase, phase to ground faults. Zones shall be software settable for either forward, reverse or non- directional.
· Operating time less than 25 ms

· Single and three – pole tripping schemes 

· Distance zones with independent setting for direction, time, X,R,K0
· Communication scheme logic
· Power Swing Detection
· Pole discordance logic shall be included

· Secondary Circuit Supervision

· VT circuits supervision with blocking the operation of voltage dependent functions

· Blocking by external MCB (blocking the operation of voltage dependent functions)

· CT circuits supervision

· Power system supervision (e.g. Broken Conductor)
· Current negative sequence protection

· Multistage Three Phase Overcurrent Protection (50/51)
· Multistage Earth Fault Overcurrent Protection (50N/51N)

· Overload Protection
· Two stages overcurrent protection should be applied

· The first stage should give alarm after 20 s and trip after 20 min

· The second stage should give trip after 20 s

· External blocking of trip command should be foreseen

· Front Side HMI 

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Front communication port for parameterization  using PC 

·  System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· Directional Earth Fault Protection (67N)
· Communication scheme logic
· Sensitivity on low level faults with high fault resistance and weak Infeed
· Current dependent time characteristic
· Blocking the operation under single pole autoreclosing dead time

· Residual voltage 3xUo shall be derived from phase voltages

· Single and three – pole tripping schemes 

· Autoreclosing (79), AR
Modes of operation:

· Single-pole AR for earth fault and three-pole final disconnection for multi-phase fault 

· Single-pole AR for earth fault and three-pole AR for multi-phase fault 

· Three-pole AR for all kind of faults

· Facility to make AR inoperative (stand-by)

· AR inhibit during manual closing 

· Blocking of a new reclosing cycle (Reclaim time)

· AR in three-pole mode should be carried-out with checking the synchronism

· Blocking the AR when the associated CB is not ready (low pressure, springs unloaded, etc.)

· Counters for AR operation (1ph and 3ph separately)

· Evolving fault treatment
· Fault Locator

· Fault location measurement  during single and multi-phase faults

· Measurement not affected by the fault resistance at fault location, remote end fault current Infeed, prefault load current and power flow direction 

· Fault distance measurement in km of the total line length

· Disturbance Recorder
· It should be possible to record all terminal's analogue inputs and sufficient number of digital signals

· Recording could be initiated by any digital or analogue signal, manually or externally via dedicated binary inputs  

· Minimum 10 s of storage time

· Minimum last five records

· Adjustable pre-fault and fault recording time

· COMTRADE format compatibility

· Event Recorder, 1 ms resolution

· Synchro & Energizing Check (25) 

· Comparing of amplitudes, frequency and angles of two voltage inputs for synchro or energizing check

· Blocking of the function if line or bus MCB trips
· Switch onto Fault Logic (SOTF)

· Operational measurements

· Active power measurement
· Reactive power measurement
· Voltage measurement
· Current measurement
· Self-supervision
2.4.2 Protection terminal for 110kV OHL - Long Main

· 
Code 14003

· Distance Protection (21):

· Full scheme distance protection min. 5 zones

Phase-Phase and Phase- Ground Distance Protection declared for high voltage network. The relay shall incorporate min.5 zones of distance   protection for detection of phase to phase, phase to ground faults. Zones shall be software settable for either forward, reverse or non- directional.
· Operating time less than 30 ms

· Single and three – pole tripping schemes 

· Distance zones with independent setting for direction, time, X,R,K0
· Communication scheme logic
· Power Swing Detection

· Secondary Circuit Supervision

· VT circuits supervision with blocking the operation of voltage dependent functions

· Blocking by external MCB (blocking the operation of voltage dependent functions)

· CT circuits supervision

· Power system supervision (e.g. Broken Conductor) 

· Current negative sequence protection

· Pole discordance logic shall be included

· Multistage Three Phase Overcurrent Protection (50/51)

· Multistage Earth Fault Overcurrent Protection (50N/51N)

· 
Overload Protection 

· Two stages overcurrent should be applied

· The first stage should give alarm after 20 s and trip after 20 min

· The second stage should give trip after 20 s

· External blocking of trip command should be foreseen

· Front Side HMI 

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Front communication port for parameterization  using PC 

· System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· Directional Earth Fault Protection (67N)
· Communication scheme logic available

· Sensitivity on low level faults with high fault resistance and weak Infeed 

· Current dependent time characteristic 

· Blocking the operation under single pole autoreclosing dead time

· Residual voltage 3xUo shall be derived from phase voltages

· Single and three – pole tripping schemes 

· Autoreclosing (79), AR

· Modes of operation:
· Single-pole AR for earth fault and three-pole final disconnection for multi-phase fault 

· Single-pole AR for earth fault and three-pole AR for multi-phase fault 

· Three-pole AR for all kind of faults

· Facility to make AR inoperative (stand-by)

· AR inhibit during manual closing 

· Blocking of a new reclosing cycle (Reclaim time)

· AR in three-pole mode should be carried-out with checking the synchronism

· Blocking the AR when the associated CB is not ready (low pressure, springs unloaded, etc.)

· Counters for AR operation (1ph and 3ph separately)

· Evolving fault treatment 

· Fault Locator

· Fault location measurement  during single and multi-phase faults

· Measurement not affected by the fault resistance at fault location, remote end fault current Infeed, prefault load current and power flow direction 

· Fault distance measurement in km of the total line length

· Disturbance Recorder
· It should be possible to record all terminal's Analogue inputs and sufficient number of digital signals

· Recording could be initiated by any digital or analogue signal, manually or externally, via dedicated binary input  

· Minimum 10 s of storage time 

· Minimum last five records

· Adjustable pre-fault and fault recording time

· COMTRADE format compatibility

· Event Recorder, 1ms resolution

· Synchro & Energizing Check (25) 

· Comparing of amplitudes, frequency and angles of two voltage inputs for synchro or energizing check

· Blocking of the function if any MCB trips (line or bus)
· Switch onto Fault Logic (SOTF)

· Operational measurements

· Active power measurement
· Reactive power measurement
· Voltage measurement
· Current measurement
· Self-supervision

2.4.3 Protection terminal for 110 kV OHL-Short

· Code No.:14004 and 14004A
· Line Differential Protection (87L):

· Absolute selectivity for internal faults (Ph - Ph and Ph - E)

· Stability for external faults

· Correct operation for fault with high resistance and weak Infeed

· Suitability for operation with fibre optic and multiplex systems

· Continuous communication channel supervision

· Phase selective intertrip

· Optical protection data interface length up to 35km

· Local and remote line end measured values

·  Operating time less than 30 ms

· Single and three – pole tripping schemes 

· Possibility to use different CT ratio on the opposite end

· Distance Protection (21):

· Full scheme distance protection min. 4 zones

Phase- Phase and Phase- Ground Distance Protection declared for high voltage network. The first zone of distance protection should be blocked if 87L is active. The relay shall incorporate min.4 zones of distance   protection for detection of phase to phase, phase to ground faults. Zones shall be software settable for either forward, reverse or non- directional.
· Operating time less than 35 ms

· Single and three – pole tripping schemes 

· Distance zones with independent setting for direction, time, X,R,K0
· Communication scheme logic
· Power Swing Detection 

· Pole discordance logic shall be included

· Secondary Circuit Supervision

· VT circuits supervision with blocking the operation of voltage dependent functions

· Blocking by external MCB (blocking the operation of voltage dependent functions)

· CT circuits supervision

· Power system supervision (e.g. Broken Conductor) 

· Current negative sequence protection

· Multistage Three Phase Overcurrent Protection (50/51) 

· Multistage Earth Fault Overcurrent Protection (50N/51N)

· Overload Protection

· Two stages overcurrent should be applied

· The first stage should give alarm after 20 s and trip after 20 min

· The second stage should give trip after 20 s

· External blocking of trip command should be foreseen

· Front Side HMI 

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Front communication port for parameterization  using PC 

· System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· External time synchronization
· Directional Earth Fault Protection (67N) 

· Communication scheme logic
· Sensitivity on low level faults with high fault resistance and weak Infeed
· Current dependent time characteristic 

· Blocking the operation under single pole autoreclosing dead time

· Residual voltage 3xUo shall be derived from phase voltages

· Single and three – pole tripping schemes 

· Autoreclosing (79), AR 

Modes of operation:
· Single-pole AR for earth fault and three-pole final disconnection for multi-phase fault 

· Single-pole AR for earth fault and three-pole AR for multi-phase fault 

· Three-pole AR for all kind of faults

· Facility to make AR inoperative (stand-by)

· AR inhibit during manual closing 

· Blocking of a new reclosing cycle (Reclaim time)

· AR in three-pole mode should be carried-out with checking the synchronism

· Blocking the AR when the associated CB is not ready (low pressure, springs unloaded, etc.)

· Counters for AR operation (1ph and 3ph separately)

· Evolving fault treatment 

· Fault Locator

· Fault location measurement  during single and multi-phase faults

· Measurement not affected by fault resistance at fault location, remote end fault current Infeed, prefault load current and power flow direction 

· Fault distance measurement in km of the total line length

· Disturbance Recorder 

· It should be possible to record all terminal's analogue inputs and sufficient number of digital signals

· Recording could be initiated by any digital or analogue signal, manually or externally via dedicated binary inputs  

· Minimum 10 s of storage time

· Minimum last five records

· Adjustable pre-fault and fault recording time

· COMTRADE format compatibility

· Event Recorder, 1ms resolution

· Synchro & Energizing Check (25) 

· Comparing of amplitudes, frequency and angles of two voltage inputs for synchro or energizing check

· Blocking of the function if line or bus MCB trips 
· Switch onto Fault Logic (SOTF)

· Operational measurements

· Active power measurement
· Reactive power measurement
· Voltage measurement
· Current measurement
· Self-supervision 

2.4.4 Protection Terminal for Power Transformers 400/110/X kV - Main 1 and Main 2

· Code No.: 14005 and 14006

· Differential Protection (87T):

· Single, three-phase low impedance  biased differential protection for two-winding application

· Unrestrained Differential protection 

· Operating time less than 30 ms

· Inrush restraint (2nd harmonic block)

· Overexcitation restraint (5th harmonic block)

· Absolute stability for through-faults

· Internal CT ratio and vector group adaptability
· Restricted Earth Fault Protection for autotransformers (87N), REF

· Based on low impedance principle

· Applicable for Autotransformer

· General requirements are the same as for main differential protection 

· Thermal Overload Protection (49 S)

· Multistage Three Phase Overcurrent Protection (50/51)

· Multistage Earth Fault Overcurrent Protection (50N/51N)

· Current negative sequence Protection

· Pole discordance logic shall be included

· Front side HMI 

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Front communication port for parameterization  using PC 

·  System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· Event Recorder, 1ms resolution

· Disturbance Recorder 

· It should be possible to record all terminal's analogue inputs and sufficient number of digital signals

· Recording could be initiated by any digital or analogue signal, manually or externally via dedicated binary inputs  

· Minimum 10 s of storage time

· Minimum last five records

· Adjustable pre-fault and fault recording time

· COMTRADE format compatibility

· Operational measurements

· Current measurement
· Self-supervision 

2.4.5 Protection Terminal for 110kV side of Power Transformer 400/110/X 
· Code No.:14007
· Distance Protection (21):

· Full scheme distance protection 5 zones

Phase- Phase and Phase- Ground Distance Protection declared for high voltage network. The relay shall incorporate min.5 zones of distance protection for detection of phase to phase, phase to ground faults. Zones shall be software settable for either forward, reverse or non- directional. 

· Operating time less than 30 ms

· Distance zones with independent setting for direction, time, X,R,K0
· Multistage Three Phase Overcurrent Protection (50/51)

· Multistage Earth Fault Overcurrent Protection (50N/51N)

· Power Swing Detection

· Pole discordance logic shall be included 

· Secondary Circuit Supervision

· VT circuits supervision with blocking the operation of voltage dependent functions

· Blocking by external MCB (blocking the operation of voltage dependent functions)

· CT circuits supervision

· Disturbance Recorder
· It should be possible to record all terminal's analogue inputs and sufficient number of digital signals

· Recording could be initiated by any digital or analogue signal, manually or externally via dedicated binary inputs  

· Minimum 10 s of storage time

· Minimum last five records

· Adjustable pre-fault and fault recording time

· COMTRADE format compatibility

· Event Recorder, 1 ms resolution

· Front Side HMI 

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Front communication port for parameterization  using PC
·  System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· Self-supervision
2.4.6 Automatic Voltage Regulation (AVR) for Autotrasformers 400/110/X kV

· Code No.:14008
· Autotransformers 400/110/X kV are with on-load tap changers

· AVR must be offered as a separate device

· AVR should be foreseen for single and parallel mode

· It shall be possible to select automatic operation & manual operation with remote & local operation

· TapChanger tap position BCD code 

· Undervoltage, overvoltage and overcurrent blocking of AVR should be foreseen

· The relay bandwidth shall preferably be adjustable to any value between 1.5 times and 2.5 times the transformer tap step percentage   

· Communication Ports

· Front communication port for parameterization  using PC 

· System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· Event Recorder

· Front Side HMI 

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Self-supervision
2.4.7 Protection Terminal for: Bus-couplers 400, 110 kV and Back-up Protection Terminal for 110 kV OHL

· Code No.: 14009

· Multistage Three Phase Overcurrent Protection (50/51)

· Multistage Earth Fault Overcurrent Protection (50N/51N)

· Directional Earth Fault Protection (67N)

· Only for 110 kV OHL

· Sensitivity on low level faults with high fault resistance and weak Infeed 

· Current dependent time characteristic 

· Blocking the operation under single pole autoreclosing dead time

· Residual voltage 3xUo shall be derived from phase voltages

· Pole discordance logic shall be included
· Front side HMI

· All settings, indications and service values should be available via HMI

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Front communication port for parameterization  using PC 

· System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· Event Recorder, 1ms resolution

· Disturbance Recorder 

· It should be possible to record all terminal's analogue inputs and sufficient number of digital signals

· Recording could be initiated by any digital or analogue signal, manually or externally via dedicated binary inputs  

· Minimum 10 s of storage time

· Minimum last five records

· Adjustable pre-fault and fault recording time

· COMTRADE format compatibility

· Operational measurements and Acquisition

· Current measurement
· Voltage measurement
· Power and Energy measurement
· Self-supervision
2.4.8 Busbar Protection (87B) for 400 kV and 110 kV Busbars with Breaker Failure Protection (50BF)

· Code No.:14012
· Differential Busbar Protection (87B)

Busbar protection shall be fully numerical phase-segregated measurement. Protection shall not require CT secondary circuit switching and it shall avoid special requirements for CTs and auxiliary contacts for busbar isolators.

Busbar protection system shall be with integrated circuit breaker failure protection and with integrated check zone
Distributed busbar protection should be offered. Local serial network for connection of busbar central unit to bay units and to Control room shall be done through fiber optic cables.
· The busbar protection shall operate for both Ph-Ph and Ph-E faults
· The protection must not use summation or interposing transformers and compensation of different main CT ratios shall be achieved numerically by a parameter setting

· The protection shall be stable for all external faults even with heavy CT saturation and up to the short circuit current rating of the switchgear, applied suddenly or with evolving faults and irrespective of the distribution of current between the individual circuits

· There shall be fully discriminative clearance of busbar faults on any busbar
· Signal of load transfer starting, which is used for selection of zones, shall be provided internally in busbar protection
· The sensitivity shall be such that correct operation occurs during minimum plant conditions, irrespective of the number of circuits in service and the distribution of load and fault currents
· Care shall be taken to ensure that the protection does not misoperate as a result of faults in the associated secondary wiring when the primary circuit is carrying load current. Continuous supervision shall be provided for this purpose

· Operating time should be less than 20 ms and fault detection time less than 5 ms

· Busbar protection system should be suitable / adaptable for future switchgear extension

· Front side HMI

· All settings, indications and service values should be available via HMI 

· Signals must be displayed on LCD and indications also on LED’s

· Communication Ports

· Communication port for front connected PC

· System interface for connection to a control system, IEC 61850  Ethernet , 2 rear ports

· External time synchronization

· Event Recorder
· Disturbance Recorder 

· Breaker Failure Protection (50BF)

· single-phase with/without current

· 2 -stage operation bay trip repeat/trip busbar
· Selectable operation mode
· Independent settable delay times for all operation modes

· „Low current“ mode using the circuit breaker auxiliary contact
· Failure of CB in transformer bay should trip both sides (HV and LV side) - intertrip signal.

· Failure of CB in OHL bay should trip both ends (local and remote) - intertrip signal.

· Independent breaker failure protection per bay unit

· The fault between bay CT and CB should be cleared by BF protection or end fault protection (transfer trip command)

· Independent breaker failure protection per bay unit

· Self-supervision

2.4.9 Trip Circuit Supervision (TCS)

· Code No.:14013
Continuous supervision of CB tripping circuits shall be provided.

· TCS should provide an alarm during loss of d.c. supply and open circuit conditions in the trip circuits (trip coil, CB auxiliary switch and all associated wiring)

· TCS should supervise each CB trip coil separately

· TCS should be based on low current criteria

· Supervision should be performed in both, opened and closed position of CB

2.4.10 Circuit Breaker Pole Discordance Protection (PD)

· Pole discordance protection shall be contact based 

· Duration of trip command should be limited to prevent trip coil damage

Note: This protection should be one of the logical functions of the main terminals or internal protection in CB (that exists in most modern CB)

2.4.11 Test socket

· Code No.:14017

· Each protection device must have its own test socket 

· Test socket  must obtain safe online protection testing and maintaining, and performing whole tripping test with following AR

· Test socket should have enough contacts to: 

· Short circuit current  inputs from CTs  

· Isolate voltage inputs from VTs

· Isolate trip circuit for each phase separately

· Isolate CB close command 

· Isolate signalling voltage
· Inhibit breaker failure initialising

· Inhibit sending of communication signal

· Allow functional testing of protection 

· Socket should be designed for 4 mm banana plugs access

2.4.12  Tripping unit - high speed tripping relay

· Code No.:14014
· Trip relay contacts shall be suitably rated to satisfactorily perform their required duty and relay operating time shall not exceed 10 ms from initiation of trip relay operating coil to contact close

· Tripping relays shall operate when the supply voltage is reduced to not higher than 80% of nominal battery voltage. It shall not operate for wiring leakage currents and discharge of wiring capacitance
2.4.13 Miniature Circuit Breakers (MCB) for voltage transformers

· Code No.:14015

· Protection of voltage-transformer secondary circuits for connection of protective equipment with voltage-dependent functions

· Auxiliary contacts prevent the distance protection from tripping via the underimpedance starting

· MCB should be three – pole with minimum 1NO+2NC auxiliary contacts

· Tripping time of the instantaneous element < 8 ms

· Tripping time of the instantaneous element signaling contact <8 ms
2.5 Design Requirements
2.5.1 Equipment Mounting

All relay equipment of all voltage levels (110 – 400 kV) should be located in the relay cubicles and grouped on a per bay basis, each bay being allotted its own cubicles.

The protection equipment should be mounted in dedicated cubicles, separated from the control equipment cubicle. Design proposal of the cubicles is subject to Engineer/Beneficiary approval.

The relay cubicles shall be self-supporting type made of steel sheet. The protection level for the cubicles shall comply with IP52.

The height of the relay cubicles shall not exceed 2,250 mm. They shall not be less than 800 mm wide and, the depth shall not exceed width. The doors shall be hinged to lie back flat to avoid restricted access. Hinges shall be lift-off types. Lockable handles shall secure the doors, which shall not be more than 1.8 m above the floor level. Cubicle door locks/handles shall be of the same design and construction. Cubicles shall be fitted with window type (flame retarding) protective solid doors. 

All relay cubicles shall have a continuous copper earth bar of cross sectional area not less than 70 mm2 laid along the bottom of the cubicle with each end being connected to the main earthing system. Copper conductors of the cross sectional area shall connect metal cases of the relays to this bar not less than 2.5 mm2 for mechanical protected conductors or 4 mm2 for mechanical non-protected conductors. Connections shall be without looping. 

Cable entry shall be provided for bottom of cubicles unless specified otherwise. 

All cubicles should be equipped with proper lighting and should have one AC socket (single phase).

The Control and Relay cubicles should be heated or cooled if necessary. The relay cubicles shall be of the self-ventilating type.
In the event of air conditioning failure, suitable heating elements in the cubicles must prevent condensation. The heating elements shall be controlled by one surface humidity control device.
2.5.2 Internal Wiring

Internal wiring of relay cubicles and low-voltage compartments shall be PVC moisture resistant, flexible, with stranded copper conductors to IEC 60228. The minimum core size shall be 1.5 mm2 for control wiring, and 2.5 mm2 for current, voltage and power wiring (AC/ DC). Where the current transformer secondary circuits have a rated current of 5 A AC the core size of the internal wiring may need to be 4 mm2. Conductor sizes less than 1.5 mm2 may be used for specific electronic circuits (e.g. ribbon cable) subject to Engineer/Beneficiary approval. For the microprocessor type digital relays, using 1.5 mm2 control wiring is acceptable. 

Internal wiring shall be flame retardant according to IEC 60332-1. Where control wiring is not flame retardant suitable barriers (subject to Engineer/Beneficiary’s approval) shall be installed between the compartments to stop the spread of any fire by the internal wiring.

Each conductor should have a crimped termination with plastic insulating sleeve.

Wiring shall be marked with plastic ferrules as per the Contractor’s drawings. Ferrules shall be fitted at both ends of the wire unless the wire is individually routed and less than 100 mm long. Ferrules shall be indelibly marked. It shall be necessary to disconnect the termination to remove the ferrules. Heat shrinkable wire mark tube can be used for this purpose.

Wiring across door hinges shall be protected against mechanical damage, preferably by the use of flexible conduits.
2.5.3 Terminals

Wiring terminal blocks shall be arranged and positioned to enable easy access for carrying out external cabling, testing, inspection and maintenance. Each terminal shall be identified in line with the Contractor’s wiring diagram. Recommended terminal sizes:
Terminals for signal circuits: 
2.5 mm2
Terminals for current circuits: 
6 mm2
Terminals for voltage circuits (except for billing metering circuits):
6 mm2
Terminals for command circuits: 
6 mm2
Terminals for power supply (a.c. and d.c.): 
( 10 mm2
For CT and VT secondary circuits Slide type terminals shall be provided. The touch protected test sockets for 4 mm test plugs shall be provided.

Terminals shall be clip-on type or equivalent and made of polyamide material.
A minimum of 20% spare control terminals shall be provided on each terminal block or strip.

All spare auxiliary contacts and binary inputs must be wired to the relevant terminal block.

Not more than two wires may be connected to any internal wiring terminal. For wiring to outgoing terminal blocks, a separate terminal shall be provided for each conductor. When more than two conductors need to be connected together terminals which utilize permanent solid links shall be provided.

2.5.4 Labels
Circuit labels shall be provided on the front and back of each cubicle. 

Each cubicle, compartment, protection device (relay, MCB, fuse, etc.) and control unit shall be identified with a label at the front and rear.

Equipment identification shall include:
· Feeder label

· Individual relay identification (device number and function)

· Terminal identification of external relay connection to CTs, VTs, a.c, d.c, alarms, trips and communication equipment

Labels shall be of traffolyte plate engraved sandwich board, fixed by non-corrodible screws and not fixed by adhesive. Identification labels shall be black lettering in Serbian or English (subject to Engineer/Beneficiary approval) on a white background.
2.5.5 Testing Facility

The test socket shall be provided for each terminal separately to facilitate testing, secondary injection and calibration of the relays. The following testing facilities shall be provided:

· Each functional relay scheme shall be so arranged that operational and calibration checks can be carried out when the associated primary circuits are in service and form part of the operational network

· Adequate test facilities shall be provided for each terminal to enable the protective equipment to be tested whilst the primary circuit is on load, without having to disturb any wiring

· Adequate facilities shall be provided for each terminal to isolate all d.c. and a.c. incoming and outgoing circuits so that work may be carried out on the equipment with complete safety to personnel and without loss of security in the operation of the substation

· Where main and back-up protection is provided, testing of one protection shall be possible without hindering the function of the other

2.6 SPARE PARTS

The Contractor shall guarantee the availability of spare parts for a 10-year period following withdrawal of the product from the market. Should the product be withdrawn from the market, the Contractor shall provide immediate written notification to the Beneficiary so that the Beneficiary may determine his spare parts requirements. The Tenderers shall include proposals for forward pricing of spares for this period, based on international indices.

2.7 IMPLEMENTATION

Relay protection devices and substation automation equipment shall be programmed, configured and wired at the factory to comply with the required operating logic, including protection, alarm, control, interlocking and monitoring. 

Operational settings shall be made by Beneficiary’s personnel after appropriate training. Beneficiary will fill it up accordingly, and participate in setup/ configuration activities, as a part of a training program.
This means that FAT should be derived in a conditions close (as possible) to analogous site location.
All these activities must comply with the Beneficiary’s current regulations, technical recommendations, domestic standards and operation philosophy and practice.

2.8 PACKING, SHIPPING AND TRANSPORT

Packing of the Relay and Control devices shall prevent ingress of moisture or damage to the equipment protective finishes during transportation and storage. Relay and Control devices packing shall be suitable for unheated indoor storage. The Contractor shall advise if there any requirement for anti-condensation heaters.

2.9 INSPECTION AND TESTS

2.9.1 General

Inspection and test shall be performed in accordance with General Technical Requirements.

The tests should be made in accordance with the relevant IEC 60255, for the particular protection systems / relays. 

The quality assurance program shall comply with ISO 9001.

Approval of systems inspection and test results, acceptance of the equipment, or waiving of inspection and tests thereof, shall in no way relieve the Contractor of the responsibility for furnishing equipment which meets the requirements of this Specification, nor shall such actions invalidate any claim which the Engineer/Beneficiary may make because of defective or unsatisfactory hardware, software and firmware. The Engineer/Beneficiary reserves the right to request the additional tests on the system and/or its elements at no extra charge on any work the Engineer/Beneficiary determine not to be in accordance with this specification. Whenever the result of any inspections or tests performed or requested by the Engineer/Beneficiary in accordance with the requirements of this section indicate the specific equipment or documentation does not meet the specification requirements, the Contractor shall replace, modify or add, at no cost to Engineer/Beneficiary, adequate equipment or documentation as necessary to correct the noted deficiencies.
The Contractor shall submit within four (4) weeks after the signing of the contract an overall test and inspection plan for approval, which shall be representative for the Protection system. This proposal shall also include hold and witness points.
The Contractor shall submit for approval test procedures for review by the client or its representative at least four (4) weeks before the test concerned shall be carried out.
The test procedures shall include at least the following information:
· test schedule
· test purpose
· function to be tested
· applicable procedures 

· references to all applicable project documentation and drawings

· test set-up, including both hardware and software and the conditions for the test
· test inputs and outputs
· test data to be used to perform the test
· expected results
· acceptance/ rejection criteria
The Contractor shall be responsible for performing the tests unless otherwise specified.
The Contractor shall maintain a complete record of the results of all tests. This record shall be keyed to the steps enumerated in the previously approved test procedures. The record shall include the following items:
· Reference to the appropriate section of the test plan,
· Description of any special test conditions or special action taken,
· 
Test results (pass/fail).
A copy of the test records shall be delivered to the Engineer/Beneficiary at the conclusion of the tests. 

Test results will be evaluated by and will need the agreement of the Engineer/Beneficiary.

At disapproval or fail of a test that was attended or performed by the Engineer/Beneficiary, the repeat of the test shall be at the Contractor's expense, including costs of the Beneficiary.

It shall be the Contractor responsibility that all equipment delivered conform the tests that have been prescribed and agreed upon.

2.9.2 Workshop Tests

2.9.2.1 Type tests, Routine tests 

The Contractor shall submit with his tender certificates of the performed type tests of protective terminals carried out in recognised laboratories. The Contractor should also submit certificates of all primary tests performed in the network or using network simulators. 

The tests generally described in the Specifications as routine tests, shall be made on each piece of equipment to be supplied.

2.9.2.2 Factory Acceptance Tests (FAT)

The Contractor shall present to the Engineer/Beneficiary routine test reports for all the protection terminals included in FAT. 

All the routine tests listed in the shop test report shall be repeated in the presence of the Engineer/Beneficiary representatives, one for each type of protection terminal.

Factory acceptance tests shall be made on each piece of completely assembled cubicles and adjusted equipment in presence of Engineer/Beneficiary’s representatives before delivery This test is performed to verify the performance of the system. FAT should be derived in conditions close to specific Project Site location (setup & configuration through training). The complete protection system shall be tested simultaneously with control system (all protection and control cubicles and LAN equipment connected with SCADA system similar to expected site configuration). The test shall apply to all aspects of the system, including communication to other systems an all I/O and the complete processing of all events, alarms, measuring and other information. 

It is a series of tests that shall confirm that each individual (sub) system has been correctly manufactured and set up, that protection against electric shock is provided and that functional requirements are met.

The following routine test of completely assembled cubicles in the presence of the Engineer/Beneficiary representatives shall also be performed during FAT: 

· visual check for completeness,

· wiring check,

· Functional test

· other tests requested by Engineer/Beneficiary including BI threshold level per each slot of each device.

The following tests shall be performed in the presence of the Engineer/Beneficiary representatives for one in ten auxiliary, tripping relay of each type:
· Insulation test (2 kV, 50 Hz, 1 minute) according to IEC 60255-5 

· Electrical disturbance test according to IEC 60255-2

· Impulse and high frequency test according to IEC 60255-4 (Class III)

· Functional test

· Other tests requested by Engineer/Beneficiary

These tests should be performed by Contractor’s personnel. Beneficiary’s personnel will take part in that process, after appropriate training.

2.9.3 Site Tests

2.9.3.1 General

On arrival and at completion of assembly, all items of equipment shall be inspected and tested in order to check quality and being free from damage by the Contractor. The all site test procedures must be prepared and submitted by the Contractor for the final endorsement of the Engineer/Beneficiary four (4) weeks before commencement of site tests. The commissioning and final acceptance test should be conducted by the Beneficiary and attended and witnessed by the Contractor’s representatives. The site tests are subdivided into four stages:

1. Delivery inspection tests made by Beneficiary after delivery of the equipment to stores or site as directed by the Engineer/Beneficiary and witnessed by the Contractor’s representatives. The Delivery certificate will be issued on the satisfaction of the Engineer/Beneficiary.
2. Inspection acceptance tests conducted by the Beneficiary and witnessed by the Contractor’s representatives after required assembly of the components delivered, in order to confirm that all components of the equipment have been comprehensively provided and that all components are compatible. These tests should be preformed according to the test methodology prepared by Contractor and endorsed by the Engineer/Beneficiary. Inspection acceptance certificate will be issued on the satisfaction of the Engineer/Beneficiary. 

3. Commissioning tests conducted by Beneficiary and witnessed by Contractor’s representatives. The commissioning test certificate will be issued on the satisfaction of the Engineer/Beneficiary,
4. Final Acceptance tests conducted by the Beneficiary and witnessed by Contractor’s representatives.

2.9.3.2 Tests During and After Completion of Erection

In order to ensure correct installation of the equipment as well to prove that the equipment has been correctly installed, the following tests shall be performed during and after completion of erection on all equipment:

a) a. Verification of proper and complete erection of all equipment;

b) b. Verification of proper d.c. supply voltage, connections to main distribution frames, connections to earthing, fuses, labelling, diagnostics, functionality, and applied software, etc.;

c) c. Preliminary checking of operation;

This test will be undertaken by Beneficiary’s personnel and witnessed by the Contractor.

2.9.3.3 Commissioning Tests

Main objective of the commissioning tests is to check the proper and safe operation of the equipment and in particular to verify and confirm performance guarantees as defined in the Technical Specifications and the Technical Schedules.

Commissioning shall be performed in accordance with a Detailed Commissioning Test Program prepared by the Engineer/Beneficiary.

For performance of the tests the applicable approved standards IEC Publications shall be observed.

2.9.3.4 Final acceptance Test

The time schedule of test operations and issuing of the corresponding certificates shall be under the terms specified in Tender documents.
2.10 TRAINING

The training courses must be divided in two levels: standard must be performed minimum two (2) weeks before commencement of FAT and advanced level must be performed after finalization of FAT and before SAT.
Contractor should offer training plans for Beneficiary’s personnel in Manufacturer’s training centre for all delivered equipment (hardware and software). Training program, range and other details related to the training course is subject to Engineer/Beneficiary’s approval plan.

Appropriate training must be performed prior to setup, configuration and tests to enable Beneficiary’s personnel to take part in those activities.

The training must be on sufficient level to enable Beneficiary’s personnel to install, parameterize, commission, use and maintain the protection systems on their own and the Manufacturer will issue appropriate certificates confirming that the attendants have a comprehensive understanding of the installation, operation, setting and commissioning of the protection system, for all the attendants.

Training must include the following subjects:

· use of dedicated software tools for terminal configuration, setting and integration of the terminal with the control system through communication standard IEC61850
· terminal installation, commissioning and maintenance

· Configuration of substation and devices  using IEC61850

· use of Testing Equipment (hardware and software package)

Separate training courses should be held for the following protection equipment:

· Terminal for OHL Protection 

· Terminal for Transformer Protection 

· Terminal for Busbar Protection 

· Testing equipment (training must be conducted with the manufacturers approved trainers) 

The general requirements for training are described in Section 1 – General Technical Requirements.

2.11 DOCUMENTATION

The following documentation shall be submitted with the Tender:

· Duly completed Technical Schedules 

· Leaflets of all the protection systems / relays

· Description of the protection systems / relays together with technical data, principle connection diagrams

· List of available type test certificates, type of tested equipment, date and testing authority, copy of type test reports and type tests certificates.

· Provisional Cubicles documentation including:

· List of components

· Block diagram 

· Functional description

· Principle of marking including voltage level designation, location designation, cable, wire and equipment designation, design code, documentation reading procedure.

Complete design documentation and Test Specification for FAT shall be submitted for Engineer/Beneficiary approval not later than 4 weeks after contract signing. 

User manuals and all necessary documentation for protection system training shall be submitted before training.

The following documentation shall be provided with delivery:

· Complete cubicle design documents

· Maintenance manual

· Erection instruction

· User’s Manual for all delivered equipment and software
User manual and all necessary documentation concerning to the equipment should be delivered in paper and electronic format also (DVD).

The documentation shall be sufficient to maintain the system (hardware and software including application software) without assistance of the Contractor. 

All documentation shall be delivered in three copies, on a normally used information carrier and on plain paper. The format of the documentation shall comply with internationally used standards.

2.12 TECHNICAL SUPPORT AND ASSISTANCE

Technical Support and Assistance from the Contractor on Project Site means:

· Assistance of Contractor’s representative during commissioning tests and procedures.

· Implementation of the Engineer/Beneficiary demands noted during FAT and SAT activities.
Technical Support and Assistance on Project Sites shall be based on typical bay protection, Busbar protection as well as complete Substation Protection Management System.

3 Tender Drawings (SECTION 3)

Drawing code EM-1 refers to the following Energy Metering drawings annexed in Volume V:
· 01_SINGLE-WIRE DIAGRAM

· 02_OHL 400 kV LONG WITH SWITCH

· 03_OHL 110 kV LONG WITH SWITCH

· 04_OHL 110 kV LONG WITHOUT SWITCH

· 05_OHL 110 kV SHORT WITH SWITCH

· 06_OHL 110 kV SHORT WITHOUT SWITCH

· 07_TRANSFORMER 400 kV WITHOUT SWITCH

· 08_TRANSFORMER 110 kV WITHOUT SWITCH

· 09_BUSCOUPLER 400 kV WITH SWITCH

· 10_BUS-COUPLER 110 kV WITH SWITCH
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