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1 GENERAL
1.1 Description

This section covers the design, equipment requirements, of a 400/230 V a.c. switchboard, complete and suitable for satisfactory operation. This Specification covers the ratings, design, equipment requirements, inspection and testing. This is basically performance type specification and covers only those general aspects that are meant to ensure a minimum standard of quality performance. 

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 400/230 V a.c. switchboard and associated equipment shall comply in all respects with the General Technical Requirements for electrical equipment as well as in the relevant Technical Schedule and Tender Drawings.

The equipment of the 400/230 V a.c. switchboard shall comply with this Specification and with the latest revision of 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 and defect liability for the Facilities, submission of documentation, training of the Purchaser’s personnel, inspection and replacement of any defective items of the commissioning tests and final acceptance test.

Obligatory requirement is that the each type of equipment shall be supplied from same manufacturer within this section.

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 supply.
1.3 Technical data
The main 400/230 V a.c. switchboard shall be 2-section or 3-section  board with incoming supplies according to the appropriate single-line diagrams, attached with this Tender. The sections of the switchboard are also interconnected by a bus section circuit breaker for additional security.

Design of the main A.C. switchboard shall be submitted to the purchaser on approval before manufacture.

The short circuit of the LV switchboard shall have minimum 20% contingency above the assumed level of 25 kA.

The site rating of every circuit breaker and switch shall be selected to enable the circuit breaker or switch to carry the maximum current in the circuit continuously under all operating conditions.

The site ratings of all busbars shall be selected to carry the maximum current continuously under all operating conditions. All busbars shall be of constant cross-section and they shall not be tapered.
2 EQUIPMENT REQUIREMENTS

2.1 General Design

The 400/230 V a.c. switchboard shall be metal-clad, free standing, erected in a single row, indoor type for floor mounting. It shall be made up of withdrawable functional units. The design shall have been fully type tested, and switchboard shall be subject to the routine test requirements specified.

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.

The switchboard shall be provided with lifting lugs. The height of the switchboard shall not exceed 2300 mm and operating handles of all equipment shall be within the reach of a person standing at ground level.

The cross sectional area of the busbars may be graded according to the current rating but shall remain capable of the short time current rating stated in the Schedules. All busbars and connections shall be made of copper and encapsulated.

All separately mounted metallic parts which are not normally carrying voltage, shall be earthed. To this end they shall be equipped individually with terminals for the connection of the earth conductor. The switchboard shall be provided with an earth bar directly connected to the earthing system. All metallic parts that are to be earthed for safety reasons shall be connected to this bar. These connections shall be made in the factory and form part of the wiring system. The cross section of this earth wiring, made of copper, shall be 70 mm2. The earth bar shall be provided with terminals for the earth conductors.

Hinged doors shall be provided at the rear to assure easy access to the equipment contained within the cubicle. The hinged doors shall be of the lift-off type secured by integral handles provided with locks and duplicate keys to an approved change system and shall be flush fitting and sealed with a gasket of rubber or other approved material to prevent the ingress of dust. Cubicles and doors shall be structurally stiff and braced to withstand twisting without distortion.

Each cubicle shall be equipped with a cable compartment isolated against other compartments of the cubicle and glands suitable for all incoming and outgoing cables. The cubicle shall be designed for cable entry from the bottom rear side.  

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

· Insulating barriers installed between phases within the cubicle

· Automatically operated metallic shutters shall be provided to cover busbar and feeder spouts.

On the front of the switchboard cubicle of each incoming feeder a coloured mimic diagram shall be provided with the necessary switch position indicators, symbols and signal LEDs.

All equipment installed on the front panel of the cubicle shall be flush mounted.

The incoming feeders shall be controlled and protected by withdrawable circuit breakers with microprocessor-based electronic release.

The outgoing circuit from the switchboard shall be controlled and protected by withdrawable circuit breakers.

All cubicles shall be supplied complete including protection, instrumentation, all internal wiring, terminal blocks etc.

All equipment shall be labelled with non-hygroscope label and wires with ferrules.

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.

Switchboard assemblies shall be a sheet steel construction at least 1.5 mm thick with corrosion protection by plastification 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 switchboard until it is required to connect the bus bars. The design of the switchboard cubicles shall allow easy extension on either side with the minimum possible disturbance to the busbar and adjacent panels. 

The required degree of ingress protection for switchboard enclosure shall not be less then IP 42.
Cubicles are designed for outgoing circuit breakers shall be equipped with a transparent part on a front side for a visual control of their position. 

Cubicles are designed for incomung circuit breakers and diesel circuit breaker shall be designed with appropriate hole from the front side for visuel control spring and position of circuit breaker. A space between hole and circuit breaker shall be dust protected.
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. 

All switchboard withdrawable compartments 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. 

2.2 Safety Requirements

The switchboard 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 switchboard insulation must be designed to provide the best possible protection in the event of an arc fault.

There must be no danger to any person standing at the front or to the side of the switchboard caused by the venting of hot gases or the scattering of other products of the arc. 

The design and construction of the enclosure shall be such as to reduce the passage of flame, vapour or gases between compartments. This requirement applies to wiring ducts, riser chambers etc.

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 for the bus bar side, and yellow for the circuit side, and each one shall be labelled with black coloured letters stating “Danger  - - - Voltage”.

All covers that provide access to the main bus bars shall have a warning label attached on their outside surface.

2.3 Circuit Breakers

The circuit breakers shall be of the air break three pole type, in accordance with IEC 60947, modularly sized, of draw-out design and suitably rated.

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.

Circuit breakers shall be equipped with at least one trip and one close coil. 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.

· 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.

At least standard number of normal close and normal open mechanically operated auxiliary switches 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 CB in Service/Test/withdrawn shall be mechanically indicated.

2.4 Moulded Case Circuit Breakers and Miniature Circuit Breakers

All miniature circuit breakers (MCBs) shall be of the high speed fault limiting thermal/magnetic type to IEC 60898.

All moulded case circuit breakers (MCCBs) shall be of the high speed fault limiting thermal/magnetic type to IEC 60947-2.

The MCCB shall be manually operated and provided with adjustable thermal overload and magnetic overcurrent protection in each phase.

Four reversible potential free auxiliary contacts shall be provided on each MCCB for signalling purpose.
The MCB shall be manually operated.

Standard number of reversible potential free auxiliary contacts shall be provided on each MCB for signalling purpose.

2.5 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.

Separate CTs cores shall be used for metering, indication and protection, unless bay control and protection unit is applied.

The rated primary currents shall be selected from the IEC 60185 preferred values unless specified on the Technical Schedule 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 Technical Schedule or 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 be earthed at one point through a removable link, which shall be easily accessible for testing.

All CT ratios and ratings shall be stated on the data sheets.

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

CT secondary connections shall be made on to screwed terminals, slide-on types are not acceptable.
2.6 Control, signaling, blocking and metering equipment 

Microprocessor device, hierarchically linked with central substation control unit, is foreseen for auxiliary A.C. control. Physical location of this device is inside A.C. auxiliary supply switchboard. A.C. power supply control unit (Microprocessor device) is not subject of supply under this part tender.

One two-position switch shall be provided on front panel of the auxiliary power supply switchboard for the following functions performing: 

· LOCAL - only local control is enabled; the interlocking function is on bay level only, no synchronization,

· REMOTE - only remote control is enabled.

In both cases, all data are transmitted to the higher level (Control Centre).
Remote control of the incomer feeders and bus section breakers is provided via DCS.

Remote monitoring consists of circuit breaker status (open/closed/trip/test), analogue indications and a common fault alarm.

Auto-changeover logic facilities shall be provided in the switchboard for the controlled changeover of all the incoming and bus-section circuit-breakers.

Each auto-changeover system includes a transfer device for voltage monitoring and comparison and process control logic for the functional selections and operation.

Under normal conditions all the incomers are closed and the bus section open. In the event of a loss of voltage on a busbar section not due to a fault on the section i.e., lockout relays and earth-fault relay have not operated, and the incoming circuit breaker has tripped, a close command is sent to the bus section thereby energising both switchboards from one incomer. The system will only operate if all circuit breakers are available (i.e. inserted).

The emergency diesel generator is installed and connected to the emergency board.

The auto-changeover logic will provide a start command to the diesel generator under the following conditions:

· The incoming contactors are open and

· The busbar sections are healthy, i.e. the protection relays have not operated.

Once the fault has been cleared the return to normal conditions is performed automatically

Local measuring

Next measuring should be realised:

Voltage and current measuring on power transformers (before circuit breakers). Current and voltage measuring shell be realised by analog A-meter each for one phase and analog V-meter with aproppriate selector. Voltage selector with neutral position shall enable measuring of phase and between-phase voltage. A-meters, V-meters and selector switch shall be placed on front side doors of cubicles. 

It should be enabled to measure voltage on each section of main self consumption switchboard by appropriate analog V-meter and selector switch. V-meter and V-selector switch shall be situated inside appropriate section cubicle.

Three analog A-meters for security consumption current measuring shall be positioned on front side cubicle where diesel circuit breaker are positioned. 

Remote measuring inside microprocesor control unit

Next measuring should be realised:

· Voltage and current on each incomes of power trnsformer (before circuit breakers)

· Voltage measuring on each busbar section.

· Curent measuring of security consumption.

· Undervoltage relay 3x380/220V, 50Hz for voltage drop signaling on main and security consumption busbars. 

All measuring shall be realised by appropriate current and voltage instrument transformers or appropriate maner.

2.7 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. Aluminium 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 switchboard assembly and shall be easily extensible at both ends.

Bus bars shall be with separate neutral and phase bus bars throughout the system, including the droppers (also called risers). The main bus bars shall be rated for the nominal current over the entire length of the assembly, and shall not be rated lower than the incoming and sectionalising circuit breakers. The main bus bars shall be easily extensible at both ends.

A 4-wire phase and neutral system of bus bars and droppers (also called risers) shall be provided. The droppers in each tier shall include the neutral and all outgoing cubicles and trays shall be capable of easy connection to the neutral, whether or not their particular circuit happens to be intended only for 3-wire operation. The vertical droppers in each tier shall have the same rating.

The current rating of neutral bus bars shall be no less than 50% of the corresponding phase bus bars. The smallest cross-sectional area of a neutral bus bar shall be 16 square millimetres.

Clearance and creepage distances shall comply with IEC 60664 and IEC 60664A category IV.

Disconnecting Features

The following operating positions shall be provided for each withdrawable unit.

· Connected (service)

· Test (if separate from disconnected)

· Disconnected.

Mechanical indicators externally visible at the front of the cubicle whether the front door is closed or not shall be provided to indicate the operating position of the main switching device. 

Facilities shall be provided for Voltage tests on cables and busbars and for primary injection of current transformers.

Withdrawable unit shall be connected to the busbars and the circuit through spring-loaded, self-aligning, plug-in contacts. The unit shall be of an off-load type but shall be suitable for operation while the busbars or circuit are live.

The main disconnecting contacts shall be silver plated self - cleaning and mounted in cast resin or other suitable bushings.

Enough space shall be left in front of the panel to allow the circuit breaker to be removed for maintenance purposes.

Connecting cables complete with suitable plug and socket connectors shall be provided to permit each withdrawable switching device to be tested when withdrawn from its fixed part. Unless otherwise specified one such cable to each different type of connection shall be provided for each switchboard.

Alternative methods of operation and/or interlocking shall be subject to the approval of the Employer.

2.8 Connection of the Cables

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

· Separate terminal boxes shall be provided at the rear of each switchboard unit for the main and auxiliary circuit cables.

· Sufficient space for access and termination of cables shall be allowed, giving particular attention to bending radii of cables used in each application, e.g. switchboard transformer incomers and DG incomers will often require more than two cable cores per phase.

· 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 switchboard depending on the direction of entry. 

2.9 Interlocking

Interlocks must be provided to prevent incorrect operation of switchboard. 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 Employer approval.

The following provisions are mandatory for main circuit breakers: 

· The withdrawal or engagement of a circuit breaker, switch or contactor 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’ or ‘test’ 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.

2.10 Internal Wiring

Internal wiring shall comply with the following : 

Fire performance:
Flame retardant to IEC 60332 – 1 

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 be 4.0 mm2.

Wiring across door hinges shall be protected against mechanical damage, e.g. by the use of flexible conduits.

Wiring for circuits, in each switchboard unit, which are connected to bus-wired power supplies shall be protected by fuses or MCBs. 

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. 

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 purchaser.

All wiring shall be traceable from the Contractor’s drawings.

2.11 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.

All terminals on door mounted equipment shall be fully shrouded with insulation material.

A number in line with the Contractor’s wiring diagram shall identify every terminal.

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.

Where spare auxiliary contacts are provided, e.g. CB mechanisms, truck switches, alarm devices, they shall all be wired to the relevant terminal blocks, numbered and identified.

For wiring to outgoing terminal blocks, a separate terminal shall be provided for each conductor. When more than one outgoing conductor needs to be connected together, the requisite number of terminals shall be interconnected by means of permanent solid links.

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

2.12 Floor Frames

The switchboard shall be mounted and bolted on to a purpose-built floor frame or frames if the switchboard is long or is split into sections. The Contractor shall provide the floor frames, which will enable the switchboard units to be easily aligned during erection on site. 

The frame shall include all jacking bolts, shims, packing pieces, nuts, bolts, washers etc., that are necessary during the erection at site. The frame shall be made of substantial ‘I’ or channel section steel beams. The top surface of the frame will be flush with the switch-room floor and in no way should the use of such a frame hinder the mobility of the withdrawable units.

2.13 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 and contactor by hand.

· One set of test jumpers for allowing the control circuits to be tested when a unit is in its ‘Test’ position.

2.14 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.

2.15 Painting

Painting shall be the Contractor’s standard for European conditions and shall be described in the documents submitted with the Tender.
3 SPECIAL EQUIPMENT AND TOOLS

Special equipment and tools shall be supplied for maintenance and operation of the LV service equipment. All tools shall be of the best quality and of the class most suitable for working under the conditions specified. All materials used in the tools and equipment shall be new. 

4 Materials for operation and maintenance
Materials for operation and maintenance shall be supplied in accordance with General Technical Requirements and quantities shall be listed in relevant Schedule.

Materials for operation and maintenance to be delivered by the Contractor are listed in the relevant Schedule.

Any additional spare part recommended by the Contractor shall be listed in the relevant Schedule.
5 INSTALLATION REQUIREMENTS

In accordance with General Technical Requirements, the Contractor shall furnish all specified equipment and accessories.

The Contractor shall prepare and submit to the approval of the Purchaser drawings and complete instructions about the means and methods to be used for the installing and removing of heavy equipment 

6 PACKING, SHIPPING AND TRANSPORT

Packing and shipment shall be arranged according to requirements stated in General Technical Requirements.

All parts shall be carefully packed for transport in such a manner that they are protected against mechanical injury and the injurious effects of water and climatic conditions encountered during transit to their destination, as well as during long storage before erection.

7 INSPECTION AND TESTS

7.1 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. All tests on material and equipment shall be made in accordance with IEC standards if not otherwise agreed by the Purchaser. If some tests are not covered or if a 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 Purchaser for the approval.

The following lists of tests do not restrict the Purchaser’s right to call for further tests if he considers these necessary at no extra cost to the Ministry.

The maximum ambient temperature of 40ºC has the following important effect:

High temperature operation tests shall be performed at 40ºC.

Type test shall be performed on each type and rating of the specified equipment with 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 of construction. They shall not impair the properties and reliability of a test object or reduce its lifetime.

On arrival at purchaser’s stores all items of equipment shall be inspected, tested and all defective items replaced.

The Contractor – shall thoroughly dry all equipment that may absorb humidity during installation, before the tests.

Factory acceptance tests shall be performed in presence of user in manufacturer laboratories before shipment. 

7.2 Workshop Test

7.2.1 Type Test

If type test certificate is not available then type test shall be performed on each type and rating of the specified equipment with the purpose of proving its properties.

The following type tests shall be performed:

1. Testing of breaking and making capacity of circuit breaker and fuses (breaking capacity);

2. Testing of current-time characteristics of protective releases on circuit breakers and of fuses, verification of selectivity of different elements;

3. Temperature rise test(s).

7.2.2 Routine Tests

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 any part being tested or reduce its lifetime.

The following routine tests shall be performed:

1. Visual checking of all the equipment to verify conformity with the specifications;

2. Power frequency withstand voltage test for all LV a.c. equipment with 2,500 V, 1 min. 

3. Operational test.
7.2.3 Site Tests

7.2.3.1 General

On arrival at purchaser’s stores all items of equipment shall be inspected, tested and defective items replaced.

The Site tests are subdivided into four stages:

1. Inspection Tests made by Purchaser supervised by the supplier after delivery of the  equipment at the stores or site as directed by the Purchaser  and the Inspection certificate  will be issued on the satisfaction of the Purchaser 

2. Where the Inspection tests shall be conducted by the Purchaser 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. The Purchaser will inform the supplier of the inspection test methodology and test results for his endorsement
3. Commissioning tests conducted by the purchaser and witnessed and  endorsed by the supplier on site representative.

4. Final Acceptance tests conducted by the purchaser for which the supplier will endorse the methodology and test results.

7.2.3.2 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 by Purchaser during and after completion of erection on all equipment, for which methodology and test results shall be endorsed by the supplier:

· 400/230 V a.c. switchboards

· Verification of proper and complete erection;

· Checking of all connections;

· Checking of labelling of the cubicles, fuses, circuit breakers, etc.;

· Measuring of insulation resistance;

· Operation checking of different elements such as contactors, relays, circuit breakers, signalling devices, etc.,

7.2.3.3 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 parameters as defined in the Technical Specifications and the Technical Schedules.

Commissioning shall be performed in accordance with a Detailed Commissioning Test Program prepared by Purchaser.

The Purchaser shall perform the following commissioning tests on the L.V. a.c. Switchboards:

1. Insulation resistance measuring by a 2500 V Instrument;

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 prepared by the Purchaser and endorsed by the supplier and laid down in a separate program, defining the sequence of the tests, the equipment preparation and operation procedure to be followed.

Should the test result indicate that the performances are below those guaranteed the Clause 7. of this Section will be applied.

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

7.2.3.4 Final acceptance Test

The Final acceptance Test operation shall be carried out by the Purchaser 

The time schedule of test operations and issuing of the corresponding certificates shall be under the terms specified in the General Conditions of Contract.
8 TRAINING

Works to be done under this section include training of the Purchaser’s personnel to operate and maintain LV service 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.

The training must be on sufficient level to enable Purchaser’s personnel to install, be fully conversant with, commission, use and maintain subject subsystem on their own and the Supplier will issue appropriate certificates for all the attendants.

9 DOCUMENTATION

The following documentation prepared according to General Technical Requirements, shall be submitted with the Tender:

1. General arrangement drawings, showing particulars of all equipment and accessories, their overall dimensions, weights, front and section views, etc.

2. Current rating and cross-section calculation for justifying the proposed changes of the values given in these Specifications.

3. Reference list of equipment of the same type as quoted, installed in similar climatic and service conditions.

4. Detailed list of available type test certificates and type test reports, giving details of kinds of tests, type of equipment tested and data of tests.

5. Descriptive catalogues and literature on the proposed types of equipment.

6. Quality control manual or certificate.

7. Installation manual

8. Operating manual

9. Maintenance manual

Tenders with insufficient information and/or incomplete Technical Data Schedules may be liable to be rejected.
The following documentation prepared in Serbian language according to General Technical Requirements, shall be submitted before training:

1. Operating instructions

2. Maintenance instructions 

3. Installation instruction
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