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1 GENERAL
1.1 Description
This section covers the rating, design, equipment requirements, of a MV system, complete and suitable for satisfactory operation. This is basically performance type specification and covers only those general aspects that are meant to ensure a minimum standard of quality performance.
This specification does not enumerate or describe all the materials and equipment to be supplied and all the services to be performed. All materials and equipment shall be provided as are required to make a complete, properly functioning installation and shall conform to the highest standards of engineering design and workmanship.
The MV switchgear and associated equipment shall comply in all respects with the General Technical Requirements for electrical equipment, as well as with the relevant Data Sheets and Tender Drawings.
The equipment of the MV switchgear shall comply with this Specification and with the latest revision of the relevant IEC Publications except where otherwise stated.

1.2 Scope of Supply

The supply and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance unloading, storage on site, construction works and erection, corrosion protection, site testing, submission of documentation, commissioning, training of the Employer's personnel and defect liability for the Facilities.
The Contractor is bound to provide complete Facilities, even if the equipment or services to be provided are not specifically mentioned in the following scope of works.

Scope of supply is 35 kV Switchgear for 400/110 kV Vranje 4 all as per drawing Single Line Diagram.
2 EQUIPMENT REQUIREMENTS

2.1 General Design

The 35 kV switchgears shall be metal-clad, vacuum circuit breaker, indoor type for floor mounting. It shall be made up of withdrawable functional units. The design shall have been fully type tested, and switchgear shall be subject to the routine test requirements specified.
Operating handle and locking devices shall be located to operate within the limits of 0.95 m and 1.8 m above floor level.
Slow closing devices shall be provided, to measure or verify the wear and tear of the main contact of C.B.
All compartments shall be easily accessible.
The switchgear shall comprise the number of functional units determined by the Contractor and shall be extensible at both ends.
All equipment shall be designed to meet the properties required in this Section, Technical Schedules and Drawings under the service conditions without exceeding the permissible maximum temperatures (IEC 60694, Table V).

The MV switchgear shall comply with requirements of IEC 60694, IEC 60298, IEC 60529 and other relevant IEC Standards if not otherwise required in these Specifications.
All components of the switchgear that are of earth potential shall be electrically bonded together and connected to a continuous earth bus that extends the entire length of the switchgear. Earthing via the metal frame of the switchgear is not permitted.
The switchgear shall have a single tier arrangement of cubicles. Individual cubicles shall be partitioned off from each other by means of arc and fire resistant metallic barriers. The cubicles shall be built of sheet steel panels capable of easily withstanding the most severe service conditions without deformation.
Each cubicle shall be divided by metal barriers into individual compartments for low voltage equipment, busbars, cable and circuit breaker respectively so that each compartment (except the busbar's) can be maintained separately. The separating barriers between compartments shall provide protection against contact with live parts in the adjoining compartments.
The circuit breaker compartment, voltage transformer compartment and low voltage compartment shall be equipped with hinged doors. Fixing of additional bolts/bolting arrangement to any of the doors to pass the requirements of internal arc test (Appendix AA of IEC 60298) will not be acceptable.
The circuit breaker door shall be provided with windows for monitoring the circuit breaker's visual indication devices. The other compartments shall have removable covers fixed by bolts and screws. Removal of these covers shall not disturb the earth continuity of the switchgears.
In each cubicle a heater regulated by a temperature controller shall be provided to prevent condensation.
The equipment and all live parts should be dust and vermin proof. All bare portions of the circuit breaker should be encapsulated and phases should be segregated with insulated barriers. In addition shrouds shall be fitted to circuit breaker bushings to prevent vermin gaining access to the busbar spouts when the circuit breaker is in normal service position.
Switchgear assemblies shall be a sheet steel construction at least 1.5 mm thick and shall be extensible at both ends without cutting, drilling or welding any part of the equipment. It shall be possible to erect extension units without isolating the SWITCHGEAR until it is required to connect the bus bars.
The required degree of ingress protection for switchgear enclosure shall not be less then IP 42.
Alphanumeric notation of conductors and terminals shall generally be in accordance with IEC 60445 [34].
All items of equipment of the same type and rating shall be identical and interchangeable with each other but it must not be possible to interchange equipment of different ratings.
The design of the switchgear cubicles shall allow easy extension on either side with the minimum possible disturbance to the busbar and adjacent panels.
Switchgear cubicles shall be arranged for bottom cable entry unless specified otherwise on the data sheets. Cabling facilities should be discussed in detail at the pre-award stage to ensure that they are suitable for the maximum size of cables to be expected and the number of control cables.
An internal hard-drawn high conductivity copper earth bus bar shall be provided along the length of the switchgear with joints between each transportation unit. At each end of the switchgear and under each incoming circuit breaker compartment the earth bus bar shall have an M12 brass terminal for connection of an external earth cable.

2.2 Safety Requirements

The switchgear must provide a maximum safety and operational security for the operators under all normal operating and fault conditions.

To fulfil the high safety requirement for personnel the switchgear insulation must be designed to provide the best possible protection in the event of an arc fault. To ensure this condition, all compartments of the switchgear shall satisfy the requirements of IEC 60298, Appendix AA. The products of the arc shall not transfer from one compartment to another and therefore each compartment shall be provided with a pressure relief device.

There must be no danger to any person standing at the front or to the side of the switchgear caused by the venting of hot gases or the scattering of other products of the arc. The circuit breaker compartment shall also meet the above test requirements while the circuit breaker is being racked in or out of service operations.

Test Reports for Internal Arcing Faults shall be submitted by the manufacturer in his tender documentation to confirm the switchgear capability of containing internal arcing faults in accordance with IEC 60298 [28] Annex AA, Type A, requirements, i.e. SWITCHGEAR with accessibility restricted to authorized personnel only.

Safety shutters shall automatically cover all busbar contacts whenever the withdrawable parts are isolated or withdrawn. Movement of the withdrawable part shall individually operate shutters. The opening and closing of the shutters shall be by a positive mechanical drive. Shutters shall be arranged so that only those required for a particular operation are open.

Means shall be provided for opening each set of shutters to facilitate testing. This means shall not prevent restoration of the automatic features of the shutters when the withdrawable part is replaced into its original position. Shutters shall be brightly coloured red or yellow, and each one shall be labeled.

The breakers shall be able to be placed in their ‘disconnected’ (‘withdrawn’), ‘test’, and ‘in service’ positions in such a manner that their truck will be mechanically prevented from moving once placed in the desired position.

2.3 Remote Operation of Switching Devices

The switchgear shall be controlled and monitored both locally at the switchgear cubicles and remotely on the Station Control System (SCS) in the control room. A selector switch should be provided at the front panel of each cubicle to enable each HV switching device to be operated as required at either location as selected. This requirement shall also be compatible with the safety and interlocking subjects described in this specification.

Remote control (open/close) of the MV circuit breakers can be carried out when the respective locally mounted local/remote selector switch is in remote position.

Specifications/requirements for the Hardware & Software of SCS are determined in relevant specification for SCS.

2.4 Interchangeability

Electrically identical components shall be of one type and from the same manufacturer.

Circuit breakers of the same rating shall be interchangeable.

A mechanical mismatching system shall be provided to prevent the entry of units, which are not identical.
2.5 Circuit Breakers

Circuit breakers shall comply with the requirements of IEC 60271-100, IEC 60427 and other relevant IEC Standards if not otherwise required in these Specifications. The circuit breakers shall be vacuum, equipped with a remote control mechanism and located on draw-out arts-trolley carriage.

Circuit breakers shall be capable of interrupting beside short circuit breaking current, the excitation current, including inrush current of the transformer and pure charging current, without restriking and generating of harmful over-voltage.

The operating mechanism shall be of 220 V d.c. trip free motor wound-spring charged type and all phases shall be operated simultaneously by a common shaft.

Operating mechanisms fitted with shunt-trip circuits (i.e. energise to trip) shall also be fitted with trip circuit supervision. This supervision shall not alarm when the CB is isolated.

Operating mechanisms fitted with electric closing circuits shall have interlocks so that closing cannot be initiated when a trip condition exists e.g. lockout relay operated and not reset.

It shall be possible to charge the operating springs with the circuit breaker in either open or closed positions. In normal operation recharging of the operating springs shall commence immediately and automatically upon completion of the closing operation. Closure while a spring charging operation is in progress shall be prevented, and release of the springs shall not be possible until they are fully charged.

The operating mechanism shall have a hand-charging facility and it shall be possible to discharge the operating springs at site from a charged condition without difficulty. Manual spring release shall also be provided. The charging spring motor shall be interlocked so that it cannot operate when manual charging is selected.

The state of charge of the operating springs shall be indicated by a mechanical device which shows spring charged when operation is permissible and uncharged when operation is not possible. Provision shall also be made for remote indication of Spring charge fail conditions. For this reason a spare normally open spring-drive limit switch and necessary time delay relays shall be provided. Remote indication of circuit breaker in/out of service position shall be provided.

The circuit breaker compartment door shall be provided with a window so that when the circuit breaker is in service position and the door is closed the indications on the circuit breaker truck can be read from outside the cubicle.

All circuit breakers shall be fitted with operations counters.

Circuit breakers shall be equipped with at least one trip and one close coil. The close coils shall be supplied with anti-pumping devices. The trip coils shall be suitable for application of trip circuit supervision relays. A trip free operating mechanism is required so that circuit breaker will be free to open immediately during a closing operation if the tripping device operates. Means shall also be provided to prevent the mechanism from responding to a close signal when the trip coil is energised.

Each circuit breaker shall be equipped with at least the following control devices located on the front of a cubicle:

· Open/close device (push buttons are not preferred).

· Local/remote selector switch with locking facilities.

· Manual emergency trip device suitable for operation in the event of failure of electrical supplies. The device shall be distinctively labelled and protected against inadvertent operation.

The circuit breaker shall be equipped with a facility for manual operation for maintenance purposes.

A sufficient number of normal close and normal open mechanically operated auxiliary switches plus at least four spare contacts of each kind shall be provided. Where any particular scheme requires special timing of auxiliary contacts, these shall be provided.

All circuit breaker control accessories shall be for 220 V d.c.

A visual, mechanical, circuit breaker position on/off indicator positively driven by the mechanism (cord drives excluded) shall be provided. It shall be operative and visible in each circuit breaker truck position.

The arrangement of the circuit breaker and truck shall allow three positions namely:

· Service position - with the truck fully engaged inside the compartment and primary and secondary contacts connected.
· Test position - with the truck partially drawn out, primary contacts disconnected, secondary contacts connected but no live contacts exposed (shutters closed).
· Withdrawn position - with the truck fully withdrawn, primary and secondary contacts disconnected and compartment fully and safely accessible.
All positions such as C.B in Service/Test/Withdrawn shall be mechanically indicated.

The action of isolation and withdrawal shall be separate and independent. Means shall be provided to lock and padlock the circuit breaker in the service or test position.

Isolation (drawing the circuit breaker between service, test and withdrawn position) shall be achieved by mechanical devices through the closed circuit breaker compartment door. Isolation shall be achieved without the need for tools or special attachments/devices which are not integral to the switchgear other than a specific device which represents an extension of the isolating mechanism (i.e. a racking or winding handle). Positive indication of each location e.g. Disconnected, Service, Circuit of Busbar Earth, shall be provided.

Earthing of the circuit breaker shall remain effective until it is fully withdrawn from the cubicle.

Controls shall be blocked during the isolation.

When the circuit breaker truck is in its defined test position the contact parts of the busbars and feeder must be covered by automatic metallic shutters.

The busbar and feeder shutters must be capable of being individually operated and padlocked.

The shutters must be provided with a latch to latch them open. They are self resettable when the circuit breaker is racked into the service position.

The shutters shall open automatically by a positive drive initiated by the movement of the circuit breaker. The closing operation shall also be automatic either by a positive drive or by two independent means, each capable of operating one shutter alone.

For testing purposes an integral device shall be provided for opening the shutters individually and retaining the shutters in open position. This device shall be easily released manually to allow the shutters to close. The insertion of the circuit breaker truck shall override the manual shutter operating device so that the automatic shutter operation is restored.

Busbar shutters shall be painted signal red and shall be clearly and indelibly labelled "Busbars" in large white letters in Serbian. Circuit shutters shall be painted Lemon colour and shall be labelled "circuit" in large black letters in Serbian.

In the bus section bay, both busbar shutters shall be painted signal red and shall be clearly and indelibly labelled Busbar Section I or Busbar Section II in large white letters in Serbian. In addition each shutter shall carry a white arrow pointing to the section of busbar with which the shutter is associated.

2.6 Earthing
Facilities for earthing of each feeder shall be provided. Either circuit breaker earthing or a separate 3 - pole linked earthing switch are acceptable.

Earth switches shall be provided with a visual (through windows) mechanical indication device which shall be positively driven in both directions (cord devices excluded) to show whether the earth switch is open or closed (ON, OFF indications).

Peep windows shall be provided with adequate internal lighting to check visually that all the blades of the earth switch have been fully made in the closed position and fully disengaged in the open position.

The direction of opening and closing the earth switch shall be clearly marked to advise the operating personnel of the direction of operation for closing and opening. Earth switch shall be operated by means of a separate operating handle which shall be inserted into the front of the switchgear through a fully interlocked and lockable access orifice.

The earth switch shall be labelled circuit earth with indication “ON/OFF” for outgoing circuits.

The blades of earth switches shall be directly earthed to the main earthed bar with adequately dimensioned flexible conductors.

If earthing is provided by the circuit breakers a complete 3 pole disconnecting switch and earthing switch shall be provided with associated mechanism.

If earthing is provided by the circuit breakers each circuit breaker shall be provided with means of selecting between "Feeder Earth", "Normal Service" and "Busbar Earth" positions. All automatic electrically operated tripping devices shall be rendered inoperative when the circuit breaker is in the busbar / feeder earth positions. Integral earthing via the circuit breaker is preferred for cases with circuit breakers with vertical isolation.

Earthing of the circuit breaker truck shall remain effective until it is fully withdrawn from the cubicle.

A copper earthing conductor shall be provided extending the whole length of the metal enclosed switchgear. All CTs, VTs bases and circuit breaker trucks and doors shall be directly connected to the same.
2.7 Current Transformers
The current transformers shall be of single phase cast-resin, multi core, multi ratio type, designed in accordance with IEC 60185 and other relevant IEC Standards if not otherwise required in these Specifications.

The resin insulation shall be done by means of a single moulding operation in order to obtain a uniform and compact insulating block, free of blow holes or other internal irregularities which might affect its characteristics and performance.

Rated continuous thermal current at 40°C shall be rated as extended primary current. If not otherwise stated, rated extended primary current shall be 120% of the rated primary current.

Each current transformer secondary winding circuit shall be earthed at only one point. Wherever possible the connection to earth shall be at S2 terminals. Earth links shall be provided for disconnection & testing if so required.

The secondary terminal block shall be incorporated into the resin moulding and protected by a detachable cover in a position easily and safely accessible for inspection and maintenance. The arrangement of the terminal block shall prevent any possibility of accidental opening of the secondary circuits. All secondary leads shall be wired to shorting type terminals on the terminal strip of the cubicle.

A rated short time current at least equal to that of the switchgear for the let-through current, and rated duration of no less than one second. Unless otherwise approved by Engineer/Beneficiary the primary winding shall match the current of the CB or contactor.

The contractor shall submit detailed calculations to confirm that the VA ratings of the CTs are adequate to operate their relays under worst-case fault conditions.

The contractor shall be responsible for ensuring that the characteristics of the CTs and VTs are matched to the protective relays.

The rated primary currents shall be selected from the IEC 60185 preferred values unless specified on the data sheets or single line diagrams.

Bar type primary windings shall be used for CTs.

Current transformers shall have 5 amp secondary windings, unless specified on the data sheets for special circuits.

CTs on outgoing circuits in particular shall be accessible safely without having to de-energise the bus bars in the cubicle.

CT secondary windings shall earthed at one point through a removable link, which shall be easily accessible for testing.

All CT ratios and ratings are stated in data sheets.

Test Certificates and magnetic saturation characteristics of each CT shall be submitted by the manufacture, shortly after the purchase order has been placed.

CT secondary connections shall be made with crew type terminals; slide-on types are not acceptable.

2.8 Voltage Transformers

The voltage transformers shall be of a cast-resin, inductive, single pole insulated type with two secondary windings. They shall comply with requirements of IEC 60186 and other relevant IEC standards if not otherwise required in these Documents.

The resin insulation shall be done by means of a single moulding operation in order to obtain a uniform and compact insulating block, free of blow holes or other internal irregularities which might affect its characteristics and performance.

Voltage transformers shall comply with the following:

· They shall have double wound star-to-star three phase windings, with both of the star points earthed, and an earthed metal screen between the windings.
The secondary winding nominal voltage shall be 100 V a.c. between phases unless otherwise stated on the data sheets or on the single line diagrams.

Removable HRC fuses shall protect VT primary windings. The manufacturer shall submit details of these fuses and their discrimination curves relative to the VT windings with the tender documentation.

VT secondary windings shall be earthed at one point through a removable link, which shall be easily accessible for testing.

Voltage transformers shall be fitted with fuses on the high voltage side and miniature circuit breakers on the secondary side, easy and safely accessible while the primary is live. Voltage transformer with truck withdrawable or fitted with a proven mechanism shall not be isolated while the primary is live.

Mechanical indication V.T “ON” & “OF” shall be provided.

V.T. compartment shall be provided with lockable shelters when the V.T is racked

out from service position or during circuit breakers outage.

The secondary terminal block shall be incorporated in a resin mould and protected by a detachable cover in a position easily and safely accessible for inspection and maintenance. The secondary connections must be wired on the terminal strip of the cubicle.

2.9 Control and Protection
Combined Bay Protection and Control Terminal for MV Switchgear

· Multistage Three Phase Overcurrent Protection (50/51)

· Analogue inputs for 5A should be foreseen

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

· Analogue input for 5A should be foreseen

· Number of a.c.Voltage inputs min.6 only for bas-coupler bays

· Multistage over-under voltage protection 

· Multistage Neutral Displacement Voltage Protection 

· Analogue input for 100 V should be foreseen (in case that the relay does not calculate the zero component voltage from phase voltages)

· Autoreclosing (79), AR only for MV switchgear bays

· Modes of operation:
· 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)

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

· Counters for AR operation 

· Under- and overfrequency only for MV switchgear bays

· Number of stage Min 4 ( with the possibility of independent time settings for stages)

· Feeder control diagram with load indication and Switchgear interlocking 

· Local operation and Control

· 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 , minimum 2 of rear ports

· External time synchronisation
· Event Recorder and Event logging

· 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 20 s of storage time

· Minimum last five records

· COMTRADE format compatibility

· - Operational measurements and Acquisition

· Current measurement

· Voltage measurement

· Power and Energy measurement

· Self-supervision 

Terminal should be suitable for flush mounting.
2.10 Busbars
Bus bars shall include both horizontal and vertical components and shall have the following features:
Bus bars shall be located in a separate compartment or chamber.
Electrolytically refined hard-drawn high conductivity copper shall be used, fully rated, braced and supported to withstand all dynamic and thermal forces, and dielectric stresses. Aluminum shall not be used for any current carrying components. High tensile steel bolts shall be used at all bus bar connections, and these shall be secured against loosening.
All power connections shall be tinned.
The phase colouring shall be according to IEC 60446 and rotation required shall be L1, L2 and L3.
Current rating and cross-sectional area shall be the same throughout the length of the switchgear assembly and shall be easily extensible at both ends.
All HV bus bars and connections shall be fully insulated with flame retardant materials, which comply with IEC 60332 [29]. Insulating caps shall be provided for all connections, which can be removed for inspection and maintenance. Insulation materials shall withstand without damages the effects of carrying the rated short time withstand current of the switchgear.
A minimum of connections and the location of measuring devices such as CTs and VTs shall be made to the busbars or to the copper-work between the busbars and the HV switching devices. CTs shall be located on the ‘cable’ side of all the HV switching devices, except for bus-section switching devices. CTs for bus-section HV switching devices, which may be specified in the project documents to be bus bar protection or measurement CTs, shall be carefully mounted in a busbar chamber designed for the purpose.

2.11 Connection of the Cables

Provision for the Beneficiary’s cables shall be made as follows:

· Sufficient space for access and termination of cables shall be allowed, giving particular attention to bending radius of cables used in each application.

· Provision shall be made for the support of external cables at intervals not exceeding 500 mm between the cable entry and the top or bottom of the switchgear depending on the direction of entry.

· Main and auxiliary circuit cables within an enclosure shall be segregated.

· Terminals for the Beneficiary connections shall be clearly marked with the terminal numbers as shown in the manufacturer’s wiring diagrams.

· It shall not be necessary to dismantle the earthing bus bar in order to terminate power or control cables.

2.12 Gland Plates
Gland plates shall be provided as follows:
· Manufactured in brass metal if single core power cables are to be used. Shall be delivered un-drilled.

· Manufactured in painted steel metal if three or four core power cables are to be used. Shall be delivered un-drilled.

· To take account of the size of the power and control cables and the termination positions adequate clearance and manoeuvring distance for the cables shall be provided.

· To have a maximum dimension of 600 mm on any side. If necessary two gland plates shall be fitted for large areas of cables.

· To include an earth stud which shall have an earth cable or strap connection to the main earth bar.

2.13 Interlocking

Interlocks must be provided to prevent incorrect operation of switchgear. The operator must be forced into the only safe and logical sequence of operations to actuate switching devices. Basically, interlocking shall be achieved by mechanical means.
Electro-mechanical and electrical interlocks shall be operated only in exceptions stated.
In general, the Contractor shall provide all interlocking conditions which shall be the subject of the Engineer/Beneficiary approval.
The operation of a MV circuit breaker in its earthed position shall only be possible at the switchgear.
Earthing switches shall be interlocked with their associated disconnecting devices.
The following provisions are mandatory for main circuit breakers:
· The withdrawal or engagement of a circuit breaker shall be impossible unless it is in the ‘open’ position.

· The operation of a circuit breaker, switch or contactor shall be impossible unless it is in the ‘service’, ‘disconnected’, ‘removed’, ‘test’ or ‘earthing’ position.

· It shall be impossible to close the circuit breaker, switch or contactor in the ‘service’ position unless it is connected to the auxiliary circuit, or unless it is designed to ‘open’ automatically without the use of an auxiliary circuit.

· It shall be impossible to close the circuit breaker between service and test position.

The following interlocks shall be provided:
· Switching operations shall be performed with the circuit breaker compartment door closed.

· The door of the compartment shall be prevented from being opened unless the unit is isolated.

· It shall not be possible to operate the feeder earth device when the circuit breaker is in the normal service position.

· It shall not be possible to close or open any earthing switch unless the relevant equipment is isolated from possible sources of supply.

· Mechanical interlock shall also be provided so that the closing of the earth switch is facilitated only in test position and once the earth switch is closed it shall not be possible to rack the circuit breaker into service position.

· Any interlock capable of being defeated without the use of special tools for a particular safe purpose shall be provided with a padlocking facility.

· Withdrawable units shall be prevented from being withdrawn or from being replaced without being isolated.

· Direct interlock shall be with sending end breaker, to ensure the sending end breaker cannot be inserted and closed when the earth switch of incoming feeder breaker is closed.

· Direct interlock shall be provided to prevent transformers outgoing feeder breaker being closed when the corresponding 400 V transformer incoming circuit breaker is in earthed position.

· For the incoming feeder breakers, the earth switches shall be closed when the circuit breaker is in the withdrawn/rack-out position and the feeder cable dead. The interlocking criteria shall be provided by voltage transformer vide of the breaker operation.

· When one feeder fails from two incoming feeders at the switchgear section “A” or “B”, the bus coupler will be closed and the second feeder will supply both sections. In a case that feeder failure is caused by overcurrent or earth fault protection, the bus coupler closing will be blocked.
2.14 Internal Wiring

Internal wiring shall. comply with the following :
Fire performance:
Flame retardant to IEC 60332 - 1 [29].
Insulating material:
PVC moisture resistant.
Insulation grade:
600 V.
Conductors:
Tinned stranded copper.
Minimum Core size usage:
- 2.5 mm2 for control wiring.
- 2.5 mm2 for a.c. and d.c. power wiring.
Multi-strand conductor ends shall be fitted with a crimped terminal device with an insulating straight shank.
Where the current transformer secondary circuits have a rated current of 5 amps the core size of the internal wiring and external field cables may need to be 4.0 mm2.
Wiring across door hinges shall be protected against mechanical damage, e.g. by the use of flexible conduits.
Wiring for auxiliary circuits, in each switchgear unit, which are connected to bus-wired power supplies shall be protected by fuses or MCBs. The incoming supply for all these circuits shall be protected by a fuse or MCB, which shall selectively grade with all the sub-circuit devices.
The various types of incoming supply, e.g. closing, tripping, shall preferably enter the switchgear at each bus-section tier in an appropriate LV termination compartment.
Wiring between compartments shall be carried within a duct and shall be accessible without the need for de-energising any circuits. Sufficient space shall be left in ducts and trunking for at least 10 % of the wires to be installed after delivery to the site. Separate supplies for the circuit breakers shall be run for (a) indication and tripping and (b) closing circuits.
Where the application of microprocessor based systems would be supported by a different approach to internal wiring and marking, the proposed approach shall be agreed in writing by Employer.

All wiring shall be traceable from the manufacturer’s drawings.
2.15 Internal Wiring Terminals
Screw clamp (or stud) type shall be provided. Pressure plates shall be incorporated such that neither screws nor nuts bear directly on a wire.

For internal wiring, not more than two wires shall be attached under any terminal screw or post.

Terminals for different a.c. voltages shall be separated from each other by a barrier and completely segregated from d.c. circuits.

Wiring terminal blocks shall be arranged and positioned to afford easy access for carrying out external cabling, testing, inspection and maintenance. For current and voltage transformer secondary circuits, terminals with facilities for measuring, secondary injection testing, isolating or short-circuiting, as necessary shall be provided. Terminals shall be made of polyamide material or better.

A minimum of 20 % spares of each type of terminals shall be provided on each terminal block or strip in each compartment or cubicle.

All terminals shall be traceable from the manufacturer’s drawings.

2.16 Manual Operation of Equipment
Manual operation of the equipment will be an abnormal but occasionally necessary operation, e.g. when there is a loss of a control supply to a unit.

The following equipment shall be provided:

· One set of equipment for closing each type of CB by hand.

· One set of test jumpers for allowing the control circuits to be tested when a unit is in its Test’ position.
2.17 Anti-Condensation Heaters
Anti-condensation heaters shall be provided in each tier and each cubicle. One or more suitably rated anti-condensation heaters shall be required in each enclosed compartment of each vertical tier, e.g. metering, instrument, distribution compartments.

The heaters shall be thermostatically controlled.
2.18 Painting
Painting shall be the manufacturer’s standard for European conditions, and shall be described in the documents submitted with the Tender.(as RAL 7032).
2.19 Handling Trucks
It is preferred by Employer that only one compartment or cubicle is assembled in one tier. This will allow the withdrawable power switching device to be manipulated at ground level, thereby not requiring hoists or elevating trolleys.

The manufacturer shall provide a minimum of one handling truck for each switchgear as part of the Scope of Supply, if such a truck is normally required for the switchgear.

3 SPECIAL EQUIPMENT AND TOOLS
Works to be done under this section include delivery of special tools and equipment for erection, installation, maintenance, test and operation purposes. HV test set for pressure test of vacuum bottles, MV 35 kV, test plugs, circuit breakers crank handle, earth switch operating lever, torque wrench and other special equipment and tools shall be supplied.

A lockable tools cabinet should be provided on the switchgear room wall to house all special tools for operation and maintenance.
4 Materials for operation and maintenance
Specified materials for operation and maintenance to be delivered by the Contractor are listed in the relevant Technical Schedule. Any additional spare parts recommended by the Contractor shall be listed in the relevant Schedule of the same Part.

5 INSPECTION AND TESTS
5.1 General
Tests shall be carried out in order to determine whether the material and equipment comply with the required properties.

Testing shall comply with General Technical Requirements - Part I. All tests on the materials and equipment shall be made in accordance with IEC Standards if not otherwise agreed by the Engineer/Beneficiary. If some tests are not covered or if some method of testing is not specified in IEC Standards or if there are options in relevant IEC Standards, the Contractor shall submit the method by which he proposes to conduct the tests to the Project Manager / Employer for the approval.

The following lists of tests do not preclude the Engineer/Beneficiary right to call for further tests if he considers these necessary at no extra cost.

High temperature operation tests shall be performed at the maximum ambient temperature of 40°C.

Type tests shall be performed on each type and rating of the specified equipment with the purpose of proving its characteristics.

Routine tests shall be performed on each piece of equipment to be supplied for the purpose of revealing faults in material or construction. They shall not impair the properties and reliability of the object tested or reduce its lifetime.

On arrival at the Site and during and after completion of erection all items of equipment shall be inspected and tested in order to check quality, correct operation and correct installation of the equipment. The Contractor shall thoroughly dry all equipment that may have absorbed humidity during installation before the tests.

Factory acceptance tests shall be performed in presence of user in manufacturer laboratories before shipment.
5.2 Metal Clad Switchgear
5.2.1 
Workshop Tests
5.2.1.1 Type Tests
The following type tests shall be performed:

1. Lightning impulse voltage tests
2. Power-frequency voltage tests on the main circuit
3. Partial discharge tests
4. Dielectric tests on the auxiliary and control circuits
5. Temperature rise tests
6. Resistance measurement of the main circuit
7. Short time and peak withstand current tests
7.1. Tests on the main circuit
7.2. Tests on the earthing circuit
8. The making and breaking test capacity of the switching devices
9. Test of the switching devices and removable parts (mechanical operation tests)
10. Verification of the protection of persons against approach to live parts and contacts with moving parts
11. Verification of the cubicle protection degree
12. Verification of the protection of persons against dangerous electrical effects (measurement of leakage currents)
13. Verification of the protection of the equipment against mechanical damage
14. Test under arcing conditions due to internal fault
15. Pressure relief device tests
16. High temperature operation tests
17. Internal arc test on all compartments, except L.V. section
5.2.1.2 Routine Tests
The following routine tests shall be performed:
1. Power frequency voltage test on the main circuit

2. Dielectric tests on the auxiliary and control circuits

3. Resistance measurement on the main circuit

4. Mechanical operation tests

5. Tests on auxiliary electrical, pneumatic and hydraulic devices

6. Verification of the correct wiring

7. Testing of interlock equipment

5.2.2 
Site Tests
5.2.2.1 General
On arrival at Site and during and after completion of erection, all items of equipment shall be inspected and tested so to ensure that there shall be no delay in commissioning due to supply of incorrect or damaged equipment.

The Site tests are subdivided into three stages:

· tests during and after completion of erection,

· commissioning tests,

· Guarantee Test.
5.2.2.2 Test During and After Completion of Erection
In order to ensure correct installation of the equipment as well as to prove that the equipment has been correctly installed, the following tests shall be performed during and after completion of erection on all equipment:

1. Verification of proper and complete erection;

2. Verification of the proper connections to the earthing system;

3. Verification of the operation of operating mechanism;

4. Preliminary checking of control and protection circuits and wiring;

5. Resistance measurement of the main circuit and all necessary checks and verification

6. H.V. tests on busbars with measurements of leakage currents

7. Checking of the proper cabling and operation of all electrical LV equipment.

8. Dielectric tests of all electrical LV circuits.

After successful completion of all foregoing tests the Contractor can proceed with Commissioning Tests specified herebelow.

5.2.2.3 Commissioning Tests

Main objective of the commissioning tests is to check on proper and safe operation of the equipment and in particular to verify and confirm performance quarantines 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 Contractor and approved by the Project Manager.

The Contractor shall perform the following commissioning tests on the circuit breakers:

1. Insulation resistance measuring by a Megger of 2500 V;

2. Operation test on “Open – Close” mechanism, manual and electro/mechanical,

3. Checking of complete wiring for individual and remote control and signalling;

4. Voltage test on all L.V. circuits;

5. Checking of contacts for protection against maloperation (interlocks checks),

For performance of tests the applicable approved standards, essentially IEC Standards shall be observed.

The details of the methods of measurement, of the conditions and conduct of the test at site shall be mutually agreed between the Project Manager / Employer and the Contractor and laid down in a separate program, defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

Appropriate standard and special instruments, including a multichannel recorder for the registration of transient conditions and other measuring equipment, shall be provided by the Contractor.

Should the test result indicate that the performances are below those guaranteed the Clause 15. of this Section will be applied.

After successful termination of all commissioning tests the equipment shall be subject to a Guarantee Test period.

Should by mutual agreement between the Project Manager / Employer and the Contractor one or some performance tests postponed, this would, however, not prevent beginning of the Guarantee Test.
5.3 Circuit Breaker
Where current transformers of the integral or separately mounted types are to be installed in - or adjacent to the circuit breaker, the complete assembly shall be included in the circuit breaker type tests when required by the Employer.

5.3.1 Workshop Tests
5.3.1.1 Type Tests
The following type tests shall be performed:

1. Lightning impulse tests

2. Power frequency voltage tests

3. Partial discharge tests

4. Dielectric tests on the auxiliary and control circuit

5. Temperature rise test

6. Resistance measurement of the main circuit

7. Short time and peak withstand current test

8. Mechanical operation test at ambient air temperature

9. High temperature operation test

10. Humidity test

11. Short circuit current making and breaking tests including short line fault tests, terminal fault tests and out of phase making and breaking tests

12. Capacity current switching tests

13. Magnetizing and small inductive current switching tests
5.3.1.2 Routine Tests
The following routine tests shall be performed:
1. Power frequency voltage withstand dry test of the main circuit

2. Voltage withstand tests on control and auxiliary circuits

3. Resistance measurement of the main circuit

4. Mechanical operation tests

5.3.2 
Site Tests
The following tests shall be performed:

1. Inspection of the general condition

2. Mechanical operation tests

3. Timing tests of main contacts and auxiliary switches

4. Complete electrical functioning tests

5. Closing and opening check at reduced voltage
and other necessary verifications and checks

5.4 Switching Devices
5.4.1 Workshop Tests
5.4.1.1 Type Tests
The following type tests shall be performed:

1. Lightning impulse tests

2. Power frequency voltage withstand tests

3. Partial discharge tests

4. Dielectric test on the auxiliary and control circuit

5. Temperature rise tests

6. Resistance measurement of the main circuit

7. Short-time and peak withstand tests

8. Short-circuit making and breaking performance test of earthing switches (as applicable)

9. Operation and mechanical endurance tests

10. High temperature operation tests

5.4.1.2 Routine Tests
The following routine tests shall be performed:

1. Power frequency voltage withstand dry tests on the main circuit

2. Voltage withstand tests on auxiliary and control circuits

3. Resistance measurement of the main circuit

4. Mechanical operation tests

5.4.2 Site Tests
The following tests shall be performed:

1. Inspection of the general condition

2. Control and interlock checks
and other necessary verifications and checks.

5.5 Current Transformers
5.5.1 Workshop Tests
5.5.1.1 Type Tests
The following type tests shall be performed:

1. Short time current tests

2. Temperature rise tests

3. Lightning impulse tests

4. Internal discharge tests

5. Measurement of dielectric dissipation factor

6. Accuracy tests of measuring transformers

7. Instrument security current tests of measuring transformers

8. Tests for current error and phase displacement for protecting transformers

9. Tests for composite error for protecting transformers

5.5.1.2 Routine Tests
The following routine tests shall be performed:
1. Verification of terminal markings

2. Power frequency tests on primary winding and measurement of partial discharges

3. Power frequency tests between the sections of primary and secondary windings and on the secondary windings

4. Interturn overvoltage tests

5. Measurement of dielectric dissipation factor

6. Accuracy test for the measuring transformers

7. Composite error test for protecting transformers

8. Current error test and phase displacement for protecting transformers

5.5.2 Site Tests
The following tests shall be performed:

1. Inspection of the general condition

2. Secondary winding resistance and burden measurement

3. Ratio test and other checks by primary and secondary injection
and other necessary verifications and checks.

5.6 Voltage Transformers
5.6.1 
Workshop Tests
5.6.1.1 Type Tests
The following type tests shall be performed:
1. Temperature rise test

2. Short circuit withstand capability tests

3. Lightning impulse tests

4. Accuracy tests

5.6.1.2 Routine Tests

The following routine tests shall be performed:

1. Verification of terminal markings

2. Power frequency test on primary winding and measurement of partial discharges

3. Power frequency test between sections and on secondary windings

4. Accuracy test
5.6.2 
Site Tests
The following tests shall be performed:
1. Inspection of the general condition

2. Insulation resistance test to earth and between primary and secondary winding

3. No-load test with normal applied voltage on secondary terminals for minimum 30 minutes

4. Burden measurement

5. Ratio test and other checks by primary and secondary injection
and other necessary verifications and checks.
5.7 Motors and Motor Control Equipment
Motor performance tests shall be carried out in accordance with IEC 60034-1.
Motor control equipment type and routine tests shall be carried out in accordance with IEC 60158.
6 TRAINING
Works to be done under this section include training of the Employer's personnel to operate and maintain equipment efficiently and safely.

Supplier should offer training plan for Purchaser’s personal for all delivered substation subsystems. Training programme, range and other details related to the training course is subject to Purchaser’s approval plan.

Training should be on the site after installation for 4 Men in 2 Day accordance with relevant Technical Schedual.

7 DOCUMENTATION
The following documentation shall be submitted with the Tender:
1. Single line diagram

2. General arrangement and overall dimensions of the switchgear and its building including cross-section of switchgear (each type), etc.

3. General drawings of the main parts of switchgear (e.g. circuit breaker, voltage transformer, current transformer, lightning arrester etc.)

4. Manufacturing specifications of the metal clad cubicles and associated equipment

5. Catalogues, literature, reference lists of proposed equipment

6. Quality control manual or certificates.

7. Detailed list of available type test certificates and type test reports, showing details of the kind and dates of tests.

8. Installation manual

9. Operating manual

10. Maintenance manual

The following documentation prepared in Serbian language shall be submitted before training:

1. Operating instructions

2. Maintenance instructions 

3. Installation instructions
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