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1 GENERAL

1.1 Background

This Specification covers ratings, design, equipment requirements, erection, inspection and testing of oil-immersed, three-phase, three-winding, outdoor autotransformers with stabilizing winding and on-load tap changer and associated equipment.
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 Technical Schedules and other documents that form part of this Tender.

Performance, testing and rating of the power autotransformer shall conform to the latest edition of all relevant IEC standards.

Manufacturer is bound to deliver complete Goods even if all details have not been specified in the specifications.

1.2 Scope of Delivery

The scope of delivery includes supply of goods and services comprising design, manufacture, workshop testing, packing, transport of two (2) autotransformer bodies to the nearest railway stations (not unloaded) and complete associated equipment to the following Beneficiary’s sites (unloaded): Substation 400/110 kV „Vranje 4“ and Substation (400/220/110 kV Leskovac 2; transportation insurance, assembling and installation supervision, documentation delivery, on-site installation training for the Beneficiary’s personnel, endorsement of the on-site testing methodology, test results and commissioning tests and final acceptance test.

The Contractor is bound to provide the complete plant, even if the equipment and services to be provided are not mentioned specifically in the mentioned scope of works. (All works, components and accessories required for the completion and successful operation of the substation covered under the scope of this Supply Contract, either specified in detail or not, shall be provided by the Contractor as necessary.)
The scope of delivery is indicated in the table as follow:
	Equipment
	Total

	Autotransformer, three-phase, oil-immersed, hermetically sealed, core type, with stabilizing winding, 400±8x1.25%/115/10.5 kV, 300/300/x MVA
	2 units

	Materials for operation and maintenance compliant to item 18 of the Technical data schedule
	2 set

	Special equipment and tools compliant to item 19 of the Technical data schedule
	1 set


1.3 Теchnical Data

Теchnical data are given in the Technical Schedules.
	Equipment
	Autotransformer, three phase, oil-immersed, hermetically sealed, core-type with stabilizing winding and On Load Tap Changer

400±8x1.25%/115/10.5 kV, 300/300/x MVA

	Rated voltage (transformation) ratio ( kV )
	400±8x1.25%/115/10.5

	Rated power in all tap-changer’s positions (MVA)
	300/300/x

	Cooling
	ODAF(OFAF)/ONAF/ONAN

	Rated power by cooling ODAF(OFAF)/ONAF/ONAN (MVA)
	300/210/150

	Short circuit impedance, corrected at reference temperature of 75°C, rated frequency and rated power, with on-load tap changer in normal position 
	12.5 ± 10%

	Rated lightning impulse withstand voltage 1.2 / 50 μs peak value HV / MV ( kV peak)
	1425 / 550

	Rated power frequency withstand voltage RMS value (1 min) HV / MV (kV)
	630 / 230

	Voltage regulation (on load) in LV neutral point.


Range


Step


Number of steps 
	- 8 % + 10%

1.25 %

±8

	Winding connection
	YNa0+d5


2 EQUIPMENT REQUIREMENTS

2.1 General Design

The autotransformers shall be of oil-immersed, three-phase type for outdoor installation, with on-load tap‑changer. They shall comply with the requirements of IEC 60076-1, IEC 60076-2, IEC 60076-3, IEC 60076-4, IEC 60076-5, IEC 60076-7, IEC 60076-8, IEC 60076-10, IEC 60214, IEC 60076, NЕМА ТR 1 ( for noise level ) and other relevant IEC standards if not otherwise required in these Specifications.

The autotransformers and associated equipment shall be designed to meet, at ambient site conditions, the properties required in this Section, Technical Schedules and Drawings.
The autotransformers shall be manufactured according to latest development reached in area of design, construction and materials. 

The autotransformers and all associated units (e.g. tap changer) must withstand the effects of short-circuit currents, defined as symmetrical short circuit current in the Technical Schedules, according to requirements of IEC 60076-5.

All metal parts of the autotransformer shall be maintained at the same fixed potential. The earthing should be designed in such way to carry, without adverse effects, the maximum possible earth fault current that may occur during the fault.

The design of the power autotransformers should provide minimum noise level and the level of vibrations must not adversely affect any clamping or produce excessive stress in the material. Noise level shall be measured on the first manufactured autotransformer at the Manufacturer's Facilities in the presence of the Beneficiary. The average noise level of each autotransformer shall not be higher than the one specified in NEMA TR1.

The power autotransformers shall be designed with particular attention to the suppression of harmonic currents, especially the third and fifth, so as to minimize interference with communications circuits.

2.2 Core

Autotransformer core shall be designed with five legs (core type).

The cores shall be clamped and braced to withstand, without damage or deformation, the forces caused by short-circuit stresses, transportation or handling, and to prevent the shifting of the core laminations. Suitable cooling ducts shall be provided to ensure proper cooling, namely to prevent hot spots.

Special attention should be paid to the design and construction of the corner joints between legs and yokes to avoid concentration of mechanical and magnetic stresses.

Adequate metal bridges shall be provided between the core lamination packets in order to keep all portions of the core assembly at the same potential.

Lifting lugs shall be provided at suitable points of the core assembly.

The core shall be earthed at one point with a removable connection, readily accessible at the autotransformer plate.

2.3 Windings

The windings shall be made of highly-conductive electrolytic copper of 99.9% purity insulated by paper made of pure cellulose.

Windings shall be so designed to obtain an optimal value for series and shunt capacities in order to have a favourable voltage distribution for full waves and chopped waves.

Leads from windings to bushings shall be adequately supported to prevent any damage due to vibration and short-circuit forces.

The windings should be subjected to thorough shrinking and seasoning process.

The coils, windings and tapings shall be sufficiently braced and fastened to form rigid assemblies, preventing any relative movement during transport, or due to vibrations or other circumstances that may occur in service.

The windings shall be designed to reduce to a minimum the negative effect of the out-of-balance forces inherent in the transformers. Tapings shall be arranged at such positions on the windings as to preserve, as far as possible, electro-magnetic balance at all voltage ratios.

Tapings shall neither be brought out from the inside of a coil nor from intermediate turns.

The assembled core and windings should be dried to ensure that the moisture content in the insulation is less than the maximum allowed (1%).

2.4 Stabilizing winding

The stabilizing winding with four terminals shall be provided. The following terminals 3U1, 3V1, 3W1 and 3W2 must be brought out to the external bushings. Terminals 3W2 and 3U1 should be connected to each other with removable and accessible link in order to close delta connection outside of the autotransformer tank.

All properties of the stabilizing winding shall be in accordance with the Technical Data Schedules.
2.5 Neutral earthing

According to generally applicable earthing policy of 400 kV and 110 kV systems, autotransformers shall work with directly earthed neutral point.

2.6 Tank

The autotransformer tank shall be of “cover” or “bell” design, fabricated from high tensile strength steel plate.

The tank shall be of adequate strength so that, when containing the core plus coil assembly and fully oil filled (or gas filled during transport), any packing, lifting, rolling and handling shall not cause overstressing of any part of the tank or any leakage of oil or gas. The main tank body with the tap changer, coolers and associated piping facilities shall be capable of withstanding full vacuum when empty of oil. Tank stiffeners shall be permanently welded to the tank.

The tank shall be absolutely water-tight and hot-oil tight, and be suitably braced to withstand, without distortion or buckling, the stress imposed during transport and operation. The gaskets and welded joints adhered to hot oil with temperature of 100 0C shall be designed to obtain full sealing of the autotransformer tank.

Each tank shall be provided with minimum of four conveniently located jacking pads (reinforcements) for lifting of the autotransformer. The load carrying capacity of each jacking pad shall not be less than 50% of the total weight of the autotransformer. Lifting lugs for lifting the complete active part of the autotransformer and tank cover or bell, depending on the construction, namely lugs of reinforced parts for the pulling and pushing of the autotransformer in any direction shall be provided for each unit.

The movement of the autotransformer shall be achieved by a set of bidirectional flanged wheels. The change of the direction shall be made after lifting the autotransformer with hydraulic jacks.

The wheels shall be designed to meet the following conditions:
· Axial inter space of two pairs of rails shall be 4,520 mm.
· Distance between the pair of wheels shall be 1,435 mm.
· The above distances imply the distance from the inside edges of the traction rails.

The autotransformers will be standing on their wheels when in service. The wheel blocking devices necessary to fix the position of the autotransformer shall be supplied together with the autotransformers, and shall be designed to withstand seismic forces acting upon autotransformer.

Wherever possible, the autotransformer tank and its accessories shall be designed without pockets wherein gas may collect. When pockets cannot be avoided, pipes shall be provided to vent the gas into the main expansion pipe. The vent pipes shall have a minimum inside diameter of 20 mm and, if necessary, shall be protected against mechanical damage.

The shape and arrangement of the tank cover and external sealing units shall permit rain water to run off easily and completely to the ground.

All oil-tight joints shall be made with machined flanges and gaskets. The gaskets shall be tight under all conditions; especially against the hot oil (preferably of synthetic rubber or neoprene-bonded cork). Means shall be provided to prevent over-compression of the gaskets.

The autotransformer tank shall be equipped with a valve at every connection point on the autotransformer tank 

If the tappings of 400kV windings are made at intermediate point of the winding (sidelong), bushing’s turrets shall be equipped with inspection windows for easy inspection of the bushings and windings.

The autotransformer shall be fitted with at least five (5) thermometer pockets of 1 inch in diameter, for oil and winding temperature indicators, with a captive screw cap. The pockets are to be located in the position of maximum oil temperature at continuous maximum rating.

Minimum two pressure relief devices shall be installed at the opposite sides of tank’s upper surface, longitudinally. They will open automatically due to hydraulic overpressure caused by generation of electrical arc inside the tank. The over pressure devices must not operate when the cooling pumps are activated. The device should not trigger at test over-pressure.

The relief device shall be installed in such a way to prevent an accumulation of gas within the device. The relief device shall have two independent sets of contacts to initiate autotransformer tripping.

Minimum two connection points for earthing purpose shall be provided at the base of opposite corners of the tank.

Name plate with the data specified in IEC 60076 shall be fixed to the autotransformer tank at an approximate height of 1.75 m above the ground level. The contents of the plate shall be inscribed in Serbian language in Cyrillic letter and it will be the subject for approval of the Beneficiary. 

2.7 Valves

Valves shall be of the fully sealing full-way type and shall be opened by turning counter-clockwise when facing the hand-wheel. They shall be suitable for operation between the minimum ambient and the maximum oil temperatures stated in Technical Schedules. Valves other than filter and drain valves shall be provided with an indicator, readily visible from ground level, to show clearly the position of the valve.

Each autotransformer tank shall be fitted at least with the following:

· One Φ50 mm valve at the top and one Φ50 mm valve at the bottom of the tank, mounted diagonally opposite to each other, for connection to oil filtering equipment.

· Oil sampling valves at the top, middle and bottom of the main tank shall be easily accessible from the ground.

· All parts containing oil, and likely to trap air during filling, shall be fitted with an air-release plug at their highest points.

2.8 Conservator

The conservator shall be made of high-quality steel with reinforced parts for lifting purposes.

The conservator shall be of sufficient volume to enable expansion and contraction of oil within the highest and lowest oil temperature levels in the autotransformer.

The conservator vessel shall be mounted at the highest point of the oil system and shall be connected to the highest point of the autotransformer tank through a straight sloping pipe. The pipe shall have a valve which permits the removal of the Buchholz relay while the conservator is still filled with oil.

The conservator vessel shall have two compartments, one for oil dilatation in the main tank and the other for the dilatation of oil associated with diverter switch of the tap changer. There shall be no communication between the two compartments in respect of the oil and air spaces.

For each conservator compartment a synthetic diaphragm ensuring an airtight seal shall be provided. A description of the proposed system shall be submitted with a Bid. Means shall be provided for checking the position and the condition of the diaphragm surface. Additionally, the air outlet from each conservator vessel or its compartment shall be connected to a dehumidifying breather mounted at approximately 1.5 m above the ground level.

Each conservator compartment shall be equipped with filling valve, drain valve, lifting lugs, magnetic oil level gauge with contact for minimum and maximum oil level alarm, etc. The oil levels at 10(C, 40(C and 90oC shall be marked on the gauges to be clearly visible from ground.

Autotransformers shall be provided with adequate dehumidifying breathers. Where silica-gel type breathers are used on autotransformers they shall be of a modular design coupled as necessary to give the required capacity and shall conform to the relevant IEC standards. The breather and associated pipe-work shall be firmly fixed to the autotransformer tank.

2.9 Transformer oil

The transformer oil shall be new, class II A and comply with IEC 60296 and other relevant IEC standards.

The oil shall be a highly refined mineral oil suitable for use as an insulating and cooling medium in autotransformers.

The oil shall have neither corrosive sulfur nor PCB.
2.10 Cooling plant

ODAF or OFAF plant shall be used for cooling the autotransformer.
Coolers shall be hot-dip galvanized or painted by zinc-oxide paint. Their design shall be such as to allow easy cleaning and painting.

Minimum four cooling groups shall be provided for the autotransformers and at least one of them is a stand-by group. Each cooling group shall have one or more coolers. Cooling shall be arranged in such a manner that the loss of either of the cooling groups does not cause the temperature to rise above the permissible values.

Coolers shall be supplied with the following:

· Plugs at the top and bottom of each cooler for oil filling and release;

· Thermometer pocket with captive screw cap on the inlet and outlet oil branches of each cooler;

· Visual oil flow indicator.

Detachable coolers connected to the main tank shall be provided with machined flanged inlet and outlet pipes.

All flange joints which are separated from the main autotransformer tank by gaskets shall be connected thereto via adequately rated copper earthing connections.

Each cooling group shall be provided with minimum one motor-driven oil pump. It shall be possible to replace the oil pump without having to lower the level of the oil from the tank and coolers of the autotransformer. Since forced oil cooling is provided by design, the pipes connected to the main tank shall be equipped with oil flow indicators. Starting or stopping of forced oil circulation shall not cause Buchholz or gas-actuated relays, or tank pressure relief device to activate.
Fans shall be numbered and have clearly marked direction of rotation. Fans shall be designed to enable replacement in the course of normal operation and utilization of autotransformer. Stainless steel wire mesh guards shall be provided to prevent accidental contact with the fan blades. The guards shall be designed so that neither the blades nor other moving parts can be touched as specified in the IEC 60947-1.

Control of cooling shall be provided at the cooling cabinet with a switch for the selection of automatic or manual control of pumps and fans operation including indication of duty mode.

Motor-driven miniature circuit breakers (MCBs) and contactors ought to be provided. Suitable facilities for cooling control system, option of group operation selection, and selection of stand-by group and similar shall be provided. Design shall include manual switch for selection of main and back-up power supply of cooling system.
Engagement of cooling groups shall be arranged so that they depend on the circuit breakers (CBs) status on both voltage sides, depending on the oil temperature and winding currents.

All contacts and other parts which may require periodic renewal, adjustment or inspection shall be readily accessible.

Fans and oil pumps shall be designed for 3 x 400/230 V, 50 Hz and shall be properly operating at voltage variation of ± 10%.
2.11 Voltage control

On-load tap changer shall be placed at the neutral point (star) of the autotransformer.
The on-load tap changer shall comply with the requirements of IEC 60214 and other relevant IEC standards if not otherwise required in these Specifications.

The diverter switch unit shall be placed in a separate gas-tight compartment which shall be integrated, like the whole tap changer, in the autotransformer tank (in-tank mounting). The diverter switch shall be of oil type. 
A separate gas-actuated relay is to be provided in the connection between the on-load tap changer tank and conservator.

The diverter switch of the tap changer shall be easily accessible for the maintenance purpose.

Manual lifting jack tool shall be provided as well as supporting pads on transformer cover for smooth extraction of the diverter switch.

The driving motor shall be rated for 3 x 400/230 V, 50 Hz and shall be equipped with motor-driven MCB. Limit switches shall be provided to prevent the tap changer mechanism from overrunning. These shall be directly connected to the motor-driven operating mechanism circuit. In addition, mechanical stops shall be fitted to prevent the switch overrunning under any conditions. For the on-load tap changer, these stops shall withstand the full torque of the operating mechanism without damage to the tap changing equipment. The terminals of the driving motor shall be clearly and permanently inscribed with numbers corresponding to those on the leads attached thereto. The tap changing motor-driven operating mechanism shall be provided with operations counter.

The control switch shall be arranged for local-hand, local-electrical operation, and remote-electrical operation. The switch shall meet the following conditions:

· A lockout for prevention of electric drive operation when the hand operating gear is in use; 

· It shall not be possible for any two electrical control points to be in operation at the same time.

Each step movement shall require separate initiation at the control point.

All electrical control switches as well as the local operating mechanism shall be clearly labelled in an approved manner to indicate the direction of tap changing.

The tap-changing operating mechanism equipment shall be arranged so as to ensure that when a step movement has been commenced it shall be completed, independently of the operation of the control relays or switches or failure of auxiliary supply or any other contingency.

The control and alarm (signalling) equipment shall give an indication of the tapping in use, mechanically at the transformer and electrically at the remote control point. The indicator at the transformer and at the remote control shall show the number of tapping in use. The numbers shall range from 1 upwards.

2.12 Bushings

The autotransformers shall have bushings with terminal connections compatible for the type of connection described in Technical Schedules.

All voltage sides of the autotransformers shall be equipped with glazed porcelain or composite bushings in brown color.

If 400 kV and 110 kV bushings are made of porcelain, they shall be of oil-filled condenser type and equipped with the following accessories:

· oil level gauge,

· oil filling plug and drain valve if not hermetically sealed,

· terminal for capacitance test and tan δ measurement.

The bushings shall be capable to withstand all the voltage, thermal and mechanical stresses including partial discharges according to IEC 60137 and IEC 60270, as specified in the relevant Technical Schedules.

All bushings shall be capable of withstanding full vacuum.

The autotransformer design and bushing design shall enable that each applied bushing is changed in an easy and simple way. The turrets of the 400kV bushings shall be provided with an inspection window for inspection of the connections between tapings and bushing. 

The bushing castings shall be free from blow holes, surface blisters, cracks and cavities and all sharp edges and corners shall be blurred and rounded off. All metal parts shall be hot-dip galvanized.

The terminals and other current carrying parts shall be designed and manufactured to have minimum transient resistance. The bushing connections shall be designed to reduce the effect of corona and radio interference to the minimum. 

Four bushings of the stabilizing winding shall be provided in accordance with Technical Schedules, and positioned on the transformer tank for testing purposes. Terminals 3W2 and 3U1 shall be connected to each other with removable link.

2.13 Protection, measuring and indicating devices

The autotransformers shall be equipped with protection, measuring and indicating devices supplied by the transformer’s manufacturer and it will include at least as follows:

Buchholz relay shall be fitted to the pipe-work of the transformer’s main tank and conservator. It shall be equipped with two independent contacts: one contact for signalling (alarm) and another contact for autotransformer tripping.

Gas-actuated relay shall be fitted to the pipe-work of the diverter switch and conservator. It shall be equipped with one contact for autotransformer tripping.

Contacts in the Buchholz relay and in the gas-actuated relay shall in no way get in contact with oil.

Thermal image which controls temperature rise of autotransformer windings, with all accompanying devices and possibility of data transfer for remote measuring, shall be provided. It will be placed on autotransformer in cooling cabinet. Thermal image will receive indication of the autotransformer load from the ring-type current transformers placed in the middle phase of the 400 kV and 110 kV bushing. Each thermal image shall have at least four independent, adjustable contacts: two for cooling control, one for signalling (alarm) and one for autotransformer tripping. Thermal image shall be capable of oil and winding temperature monitoring on the device itself and for data transfer, with digital (following the IEC 61850 protocol) or mA output.
Contact thermometer shall primarily serve as a visual oil thermometer with a suitable dial, placed on the autotransformer tank, in the cooling cabinet. It will enable reading of autotransformer oil temperature. It ought to have at least four independent, adjustable contacts: two contacts for cooling control, one for alarm (signalling) and one contact for autotransformer tripping. It shall be of conventional construction with capillary tube positioned in the separate pocket of the autotransformer cover.

Resistance-type thermometer for remote oil temperature measurement, whose Pt 100 probe will be placed in a pocket located at the autotransformer control board.

Pressure relief devices shall be mounted on the transformer tank cover, longitudinally at opposite sides, for the purpose of release of any excessive pressure generated during autotransformer breakdown. It shall be equipped with two contacts for autotransformer tripping.

Monitoring unit shall be designed to observe the following parameters:

· oil moisture content,

· the content of eight (8) oil dissolved gases: H2, CH4, C2H2, C2H4, C2H6, CO, CO2 & O2.
On the basis of this information, the unit shall monitor and analyze autotransformer oil status, register all data, and it shall include the option of remote data transfer following the IEC 61850 protocol.

Two magnetic oil gauges in the conservator (one for each part of the conservator), with a pair of contacts for each, for the signalling (alarm) purpose.

Oil flow indicators with two pairs of contacts for signalling shall be fitted to the cooler pipes.
2.14 Filling with oil and oil-paper treatment during installation

Having in mind that the autotransformers are shipped without oil, namely with nitrogen or dry air, the Contractor has to ensure constant nitrogen (dry air) overpressure during the whole transport. Transportation of autotransformers without correct pressure of nitrogen or dry air in the tank is not allowed.
Only new oil with proper characteristics according to IEC requirements shall be poured into the autotransformer.

Should it be found that oil treatment is necessary before transformer is commissioned, the Contractor shall submit to the Beneficiary a full description of the process in writing. The list of equipment to be used and a statement of the precautions (precautionary measures to be taken to prevent fire or explosion) will be provided too.

Clear instructions regarding any special precautionary measures, in Serbian language, shall be included in the Maintenance Manual and the same must be considered before vacuum treatment can be carried out.

2.15 Control cabinets

Autotransformer shall be fitted with control cabinets of welded, hot-dip galvanized (or painted by zinc-oxide paint) sheet steel housing; mounted on the autotransformer tank, in a position easily accessible from the ground level. The cabinet shall contain all control and protective equipment for the cooling system, as well as the termination of all secondary circuits. Beneficiary will precisely define a place of installation later on.
Next cabinets must be provided:

· Power supply cabinet

· Cooling cabinet

· Control cabinet

· Voltage control cabinet
· Monitoring system cabinet
All control cabinets shall be of IP 54 degree of protection, weather-, vermin- and insect-proof, with sufficient ventilation; equipped with humidity-controlled heating and sufficient illumination switched on and off by door contacts; 230 V and 10 A, AC power socket will be installed as well. Separate sun shades shall be provided for each cabinet.

2.16 Corrosion protection and painting

Tank, conservator, coolers, fan grills, pipe-work, control cabinets shall be hot-dip galvanized or painted by zinc-oxide paint. Finishing coat shall be of light grey colour (RAL 7033).

Manufacturer shall submit the proposed method for tank corrosion protection for approval.

External surfaces shall be treated with anticorrosive and water-resistant paint and internal surfaces with oil-resistant anti-condensation paint. In any case, the manufacturer shall submit, for approval, the proposed painting coats with their chemical content and recommended application guide from paint manufacturer.

The equipment must be designed and manufactured in the way to avoid formation of the rust in any situation.
3 SPECIAL EQUIPMENT AND TOOLS

Special equipment and tools are to be delivered in accordance with the list from the Technical data schedules.
4 MATERIALS FOR OPERATION AND MAINTENANCE
Materials for operation and maintenance are to be delivered in accordance with the list from the Technical data schedules. The schedules shall include any additional spare parts recommended by the Contractor.

5 INSTALLATION REQUIREMENTS

The process of erection and installation shall be performed by the third party under the Contractor’s supervision. Training of Beneficiary’s personnel for installation, maintenance and operation shall be conducted in the course of erection activity. The equipment shall not be taken out from the crates before the start of erection and without the presence of Contractor’s representatives.

Adequate working and handling space for erection will be arranged. Erection and installation conditions should prevent ingress of dust and moisture to autotransformer and belonging equipment.
6 PACKING, SHIPPING AND TRANSPORT

The body of autotransformer is transported separately, namely without the belonging equipment and oil.

Having in mind that the autotransformers are to be shipped without oil, they shall be filled with dry nitrogen gas under overpressure, and shall be provided with measuring devices and automatic pressure regulating equipment. Autotransformers to be transported with gas shall be filled and maintained by the Contractor until the gas is replaced with oil. The gas pressure before dispatch and upon receipt on site shall be recorded.

Oil for filling shall be provided and supplied by the manufacturer in barrels or tanks being the integral part of the supply.

All openings on the autotransformer tank, as well as on parts to be oil filled, shall be closed with “blind” flanges during the transport. 

Bushings shall be transported in original factory packing

Autotransformers shall be equipped with instruments to register mechanical "shocks" suffered during transportation. Transportation shock measurement instrument must be capable of measuring along three axes. Acceleration during transport activity shall not be higher than 2g (
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All parts shall be carefully packed for transport in such a manner that they are protected against mechanical injury and the damaging effects of water and climatic conditions encountered during transport to their destination, as well as during long storage before erection.

Contractor shall prepare and submit drawings and give exact instructions about the resources and methods to be used for the installation and removal of heavy equipment, as well as of autotransformer body. Drawings and instructions will be subject to approval.
7 PERFORMANCE GUARANTEES AND REJECTION

Autotransformers and any belonging equipment shall be in accordance with Technical data schedules, or, if not particularly specified in the Schedules, compliant to IEC standards.

7.1 Performance evaluation

The evaluation will be made in accordance with the Technical Data Schedules.

7.2 Penalties for deviation from guaranteed values

7.2.1 
Losses
For every kW exceeding the guaranteed value specified in Technical data schedules, the Contractor will pay the liquidated damages in the amount of:

· 3,500 €/kW

for no-load losses

· 1,500 €/kW

for load losses

· 1,500 €/kW

for cooling system consumption
7.2.2 
Temperature rise 

The temperature rise of windings shall be determined by type tests. If, according to the results of conducted FAT tests, the measured temperature rise exceeds the guaranteed value, the price for all transformers shall be reduced as a compensation for decreased life expectancy. 

The liquidated damage in per cents for temperature rise above acceptable limit of up to 2.5 оС is 7 % of a total value of autotransformer.

No additional amount shall be payable for a measured temperature rise that is lower than the guaranteed maximum.

7.3 Rejection

The Engineer/Beneficiary may, during tests, reject autotransformer for the following reasons:

· if the value of copper and iron losses exceeds by more than 10% the guaranteed values stated in the Technical data schedules (items 3.5.1 and 3.5.4 in the Technical data schedules), or the total losses exceed by 5% the sum of guaranteed values mentioned in the items 3.5.1 and 3.5.4 of the Technical data schedules;
· if the value of ancillary equipment load exceeds by more than ±20% the guaranteed value stated in the Technical data schedules (item 3.6);

· if the short-circuit impedance is lower than the minimum required value of 11.25%, for normal tap changer position (item 3.1.1 of the Technical data schedules);

· if the temperature rise exceeds by more than 2.5 °C the guaranteed values specified in the Technical data schedules (item 3.13);

· if partial discharges will have been higher than the required ones (item 3.9.1 of the Technical data schedules).

8 INSPECTION AND TESTS

8.1  General

Tests shall be carried out in order to determine whether the material and equipment comply with the specified requirements.

Testing shall comply with all technical requirements. All tests on the materials and equipment shall be made in accordance with standards defined in the Tender, if not otherwise agreed with the Beneficiary. If some of the tests have not been defined in the mentioned standards, the Contractor shall submit the test methodology he proposes to implement for approval.

Listed tests do not preclude the Engineer/Beneficiary’s right to call for further tests if he considers necessary. For additional tests no extra cost will be allowed.

During manufacturing process, representatives of the Engineer/Beneficiary shall be present at holding points mutually agreed with the Manufacturer.

Type tests shall be performed on first autotransformer.

Routine tests shall be conducted on each piece of equipment to be supplied for the purpose of revealing faults in material or construction. The tests shall neither impair the properties and reliability of the object tested, nor shall reduce its lifetime.

Special tests shall be performed on the subject autotransformer compliant to the test specifications.

Factory acceptance tests (FAT) shall be conducted at the laboratory of the manufacturer in presence of the end user. 
8.2 Autotransformers
8.2.1 
Factory acceptance tests

Factory acceptance tests shall be carried out at the laboratory of the manufacturer, following a mutually agreed programme, in presence of two authorized representatives of the Engineer /Beneficiary.
During the FAT, relevant technical documentation in Serbian language shall be reviewed on completeness.

8.2.1.1 Type tests

The following type tests shall be conducted on the first autotransformer:

1. Temperature rise test.
· This test shall be carried out for two cooling types, ODAF (OFAF) and ONAN, at appropriate powers: 300 MVA for ODAF (OFAF) and 150 MVA for ONAN.

· During Temperature rise test it is necessary to perform thermo-vision check of the tank.
Temperature rise test must be carried out in a manner that the highest losses are generated (tap changer in the highest loss position) and the reserve cooling unit is not in operation. 
8.2.1.2 Routine tests

Routine tests will be performed to detect defects 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 inspection and dimension verification

2. Autotransformer tank oil leakage test
3. Corrosion protection check

4. Autotransformer tank vibration test 

5. Jacking Pad Test – Checking of tank by lifting of autotransformer

6. Welding check after Jacking Pad Test
7. Oil dielectric strength

8. Winding resistance measurement

9. Transformation ratio measurements and winding connection verification

10. Меasurement of winding insulation resistance (before and after dielectric tests)

11. Core insulation measurement (before and after dielectric tests)

12. Switching impulse withstand voltage (SI)

13. Impulse voltage test; primary voltage, secondary voltage, tertiary, including neutral point (LI)

14. Impulse chopped voltage (LIC)

15. Power frequency withstand voltage test, 50 Hz , 1 min (winding, core and secondary equipment)
16. Short-duration induced AC withstand voltage test (ACSD) with monitoring of partial discharges.
17. Long-duration induced AC withstand voltage test (ACLD) with measurement of partial discharges.
18. Measurement of no load losses and no-load current at rated frequency before and after impulse test.

19. Measurement of short circuit voltage (for all winding combinations: ек1-2, ек1-3 & ек2-3) and load losses.

20. Dissolved gas-in-oil analysis by chromatography prior to dielectric tests, after completion of dielectric tests and prior and after the temperature rise tests.

21. Tap changer test for no load and short circuit conditions.

22. Functional tests of protection devices and related equipment.
8.2.1.3 Special tests
Within the factory acceptance test the following special tests shall be performed:

1. Noise level measurements, in line with the specifications of NEMA TR-1.
2. Measurement of Zero-sequence impedance.
3. Measurement of no-load current harmonics.
4. Measurement of Magnetizing current.
5. Measurement of Power consumption for cooling system.

6. Measurement of capacitance (C), factor of dielectric losses (tgδ), (before and after dielectric testing).

7. Measurement of the mutual inductance of the winding. 
8. Sweep frequency response analysis (SFRA).

9. Measurement of transferred overvoltages.
Note: The transformer’s capability to withstand thermal and dynamic effects of short circuit without any damage should be presented by design analysis and calculation. Accordingly, the autotransformers to be supplied must not be subjected to short circuit test, i.e. such test(s) will not be conducted upon them. 

8.2.2 Site tests

8.2.2.1 General

Upon arrival of autotransformers and related equipment on the site Contractor shall inspect all components and materials to assure that all goods arrived safe and in good condition. The Contractor shall endorse all site test results submitted by the Beneficiary during installation. Contractor’s representative shall attend commissioning and final acceptance tests as well as energizing of the autotransformers. He will endorse the test procedures and the test results. The site tests are subdivided into four stages:

1. Control tests will be carried out by the Beneficiary and supervised by the Contractor, after delivery of the Goods to storehouse following directions of the Beneficiary. 
2. Where appropriate, Control tests shall be conducted by the Beneficiary after installation and assembly of the supplied components in order to check that all components of the equipment have been provided and to prove that all elements are compatible. Beneficiary will inform Contractor about control test methodology and test results for his endorsement.
3. Commissioning tests will be conducted by the Beneficiary and witnessed/endorsed by the Contractor’s on-site representative.

4. Final Acceptance tests shall be conducted by Beneficiary and Contractor will endorse the test methodology and results.

8.2.2.2 Tests during erection
The following tests shall be performed by Beneficiary during and after completion of erection on entire equipment in order to ensure correct assembly of the equipment as well as to prove that the equipment has been correctly installed: 

1. Verification of proper and complete erection

2. Verification of the proper condition of porcelains, sealing and external surfaces

3. Verification of proper connection to the earthing system

4. Verification of transformer bolted connections by torque spanner

5. Voltage tests of all electrical LV circuits

6. Verification of the proper cabling and operation of all electrical LV equipment
7. Verification of control and protection circuits and wiring.

Before commencement of commissioning tests, the Contractor shall endorse results of these tests.
8.2.2.3 Commissioning tests
Main objective of the commissioning tests is to check out proper and safe operation of the equipment, and in particular to verify and confirm FAT results, as defined in the Technical Specifications and Technical Schedules.

Commissioning shall be performed in accordance with a Detailed Commissioning Test Program prepared by the Beneficiary and witnessed/endorsed by the Contractor’s site representative.

Beneficiary will perform the following commissioning tests before setting autotransformers into operation:

1. Measurements of insulation resistances of windings and magnetic core.
2. Capacitance (C), dielectric losses (tgδ) and winding inductance.
3. Sweep frequency response analysis (SFRA).

4. Меasurement of winding resistance at all tap changer positions.

5. Меasurement of voltage ratio at all tap changer positions and check of winding connection.

6. Operation test of all protection units, measuring and alarm (signalling) units, Buchholz relay, contact thermometer, thermal image unit, etc.

7. Operation test of cooling-system controls and alarms.

8. Operation test of tap changer controls and alarms.

9. Oil dielectric strength.

10. Physical, chemical and electrical characteristics of oil.

11. Earthing test.

12. Monitoring system test.

13. Measurement of Magnetizing current..
For performance of the commissioning tests, the approved valid standards, essentially IEC Standards, shall be applied.

Details about measurement methods, test conditions and site test performance will be mutually agreed between Beneficiary and Contractor. Testing program will be prepared defining the sequence of the tests, the equipment preparation and work procedure to be followed.
Should the test result indicate that the performances are below the guaranteed; the provisions set forth under Section 7 will be applied.

After successful completion of the above tests conducted by Beneficiary and witnessed by Contractor, Beneficiary will issue the Commissioning Certificate. 

8.2.2.4 Final acceptance tests

Final acceptance test will be performed according to the Clause 8.2.2.3. after completion of the trial run over the period of 180 (one hundred eighty) calendar days. Starting date of the trail run will be Commissioning date. 
During this period, the Beneficiary personnel shall be made fully acquainted with the operation and maintenance of the autotransformer.

8.3 Autotransformer component testing 

Tests during and after the manufacture shall be carried out on the transformer components in order to verify compliance with the Specifications, good workmanship and their capability to perform the required duties when in service.

Unless otherwise specifically mentioned, these tests shall be made in accordance with the applicable standards, subject to the approval of the Beneficiary and, if required, to witness them.

8.4 Autotransformer tank

8.4.1 
Type tests

If type test certificate is not available then the type test shall be performed on one of the autotransformers with the purpose of proving its properties at the expense of the Contractor.

1. Vacuum:

a) When empty of oil, transformer tank, tap-changing compartment, bushings and coolers shall be subjected to the vacuum test (full vacuum). Permanent deflection of the stiffeners and the panels must not exceed values specified in the following table:

	Major panel dimensions between (two) stiffeners, vertically or horizontally
	Maximum permanent (permissible) deflection

	up to 1.5 m
	3 mm

	1.5 m - 3.0 m
	8 mm

	bigger than 3.0 m
	13 mm


b) A further test at a vacuum equivalent to 3 mbar absolute pressure for a period of 8 hours shall be made for the purpose of checking the mechanical withstand capability of the tank,. During this test no damage or fractures shall occur. This test may be combined with other tests and carried out during the manufacturing process of the unit. 

2. Pressure:

Autotransformer tank shall be subjected to a pressure corresponding to the normal pressure plus 35 kPa. After releasing the excess pressure there shall be no permanent deflection of the stiffeners nor shall the permanent deflection of panels between stiffeners exceed the value specified in the above table. This test may be combined with a routine oil leakage test.

3. Pressure relief device in the tank:

Minimum one pressure relief device in the tank shall be subjected to increasing oil pressure and shall start operating before reaching normal pressure plus 35 kPa.

The operating pressure shall be recorded on the test certificate.

8.4.2 Routine tests

Oil leakage:
All tanks and oil-filled compartments, including all forms of coolers (radiators), shall be tested for oil tightness. Tanks and compartments will be completely filled with oil of a viscosity not greater than that of IEC 60296 (insulating oil) at a temperature of 15(C and subjected to a pressure equal to the normal pressure plus 35 kPa. This pressure shall be maintained for a period of not less than 48 hours, during which no leakage shall occur.
Diverter switch vessel shall be exposed to oil overpressure of 35 kPa below tank cover for 48 hours, and no oil leaks shall be detected during the time.

8.5 Coolers with Forced Oil Circulation

8.5.1 Type tests

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.

When empty of oil, one forced-oil cooler of each type shall be subjected to the vacuum test as specified in the Schedules. There shall be no permanent deformation or distortion of any part of the cooler.

8.5.2 
Routine tests

All coolers using forced oil circulation shall be filled with oil of a viscosity not greater than that of IEC 60296 (insulating oil) at a temperature of 15(C and subjected to a pressure equal to twice the maximum working pressure at the inlet to the cooler under service conditions which shall be maintained for a period of not less than 24 hours; no leakage shall occur during this period.

8.6 Fans, Pumps, Motors, Pipe-work, Oil Sampling Devices and Valves

8.6.1 
Type tests

Motors performance tests shall be in accordance with IEC 60034-1.

All valves, except non-return valves, and oil sampling devices which are subjected to oil pressure in service shall, when empty of oil, withstand an over pressure of 35 kPa. In the case of valves, this test is to be applied to the body only. This type test shall subsequently be followed by a repeated oil leakage test.

8.6.2 
Routine tests

Oil filled equipment, bodies of all oil pumps as well as oil pipe-work, oil sampling devices and valves, shall withstand a hydraulic pressure of 140 kPa for period of 15 minutes.

Fans - Static and dynamic balance shall be checked on all fan impellers.

Motors – the following tests shall be conducted compliant to IEC 60034-1:

1. Measurement of winding resistance (cold).

2. No-load test at rated voltage for determination of fixed losses. 

3. Inter-turn insulation test at 1.5 times rated voltage applied with the machine running at no load, for a period of 3 minutes.

4. Voltage tests.

8.7 Transformer oil

8.7.1  Sample test

Samples of oil from each consignment shall be tested in accordance with IEC 60296 before dispatch.

Before commissioning any autotransformer, the quality and properties of oil shall be check-tested by the Beneficiary.

8.8 Gas and oil actuated relays

8.8.1 
Routine tests

The following tests shall be conducted on relays: 

Oil leakage - The relay, when filled with oil shall be subjected to hydraulic pressure of 140 kPa for period of 15 minutes. No leakage shall occur either from the casing or into normally oil-free spaces, such as floats. Where oil is referred to, it shall have a viscosity not greater than that of IEC 60296 (insulating oil) at 15oC.

Oil surge - With the relay mounted as in service and full of oil at approximately 15(C, the surge contacts shall close within the oil flow limits specified in the Schedules.

Voltage - With the relay empty of oil, voltage, 2 kV, 50Hz, one (1) minute, shall be applied in turn between each of the electrical circuits and the casing; the remaining circuits being connected to the casing.

Operation - On the completely assembled autotransformer, the relay shall not operate while the oil pumps are being started or stopped. 

8.9 Voltage Control Equipment

Type and routine tests shall be carried out compliant to IEC 60214.

8.10 Tests on Bushings

It is not intended to test the bushings separately during the transformer factory tests. The Contractor shall submit test reports, records and data for all bushings for transformers including spare bushings, for approval. 

The test report shall at least contain the following results: 

· Standard 1 min power frequency dry/wet withstand voltage tests for all types of bushings;

· Impulse tests (1.2/50 μs) for all types of bushings

The creepage distance shall be verified at the factory.
8.11 Dielectric Tests in Auxiliary and Control Circuits

All secondary circuits, including wiring of cabinets (panels) and of all apparatus connected directly thereto shall withstand a high-voltage test of 2 kV to earth and to each other.

9 ТЕCHNICAL DOCUMENTATION

The following technical documentation shall be prepared and submitted with the Bid:

1. Informative dimensional outlines showing basic dimensions; shipping and lifting dimensions; mass of the complete autotransformers, oil mass, list of basic equipment, etc.

2. Schematic diagram of cooling system.

3. Detailed description of core assembly comprising:

· Properties of materials used for the core assembly,

· Core construction,

· Core clamps,

· Yoke/leg joints,

· Oil ducts.

4. Informative technical data on the coil assembly including the following:

· winding construction,

· wires and insulation,

· inter-turn insulation,

· coil clamping process.

5. Detailed description of facilities and methods proposed for test implementation.

6. Descriptive catalogues from at least one of the proposed component manufacturers per component.

7. Quality control manual or certificates.

8. Workshop test report on a similar autotransformer.

The awarded Contractor shall submit a detailed Plan and Program of Contract execution as soon as possible but not later than 60 (sixty) days as from the contract effective date. This plan and program shall include minimum the following:

· Detailed layout drawings, showing particulars of all associated equipment and accessories; their overall dimensions; shipping and lifting dimensions; mass of the complete autotransformers, their components, and of oil, etc., as well as all necessary details, details on the required foundations, etc. which are the subject of prior agreement, coordination and certifying.

· Schematic diagrams of cooling, regulation, controls and alarms, including all details, which are the subject of prior agreement, harmonization and certifying.

· Manufacturing plan and programme.

· Installation, testing, operation and maintenance instructions.

· Factory Tests Plan and Program; Proposal of test protocols which are the subject of prior agreement, harmonization and certifying.

· Delivery schedule.

· Analysis on axial and radial forces to be affecting the 400 kV, 110 kV and 10 kV windings due to relevant symmetrical short circuit capacity specified in the Technical data schedules (item 3.4.2). This analysis has to be certified by one of the proposed independent technical institutions which are to be proposed by bidder in the List of potential institutions for certification of short circuit withstand analysis (Form no. IV – 8). The Engineer/Beneficiary reserves the right to select one of the proposed independent institutions. Positive appraisal of the analysis is the condition for proceeding with the implementation of the autotransformer manufacture plan and program.

The awarded Contractor is bound to supply all documentation, as well as all rating and name plates for equipment in Serbian language. The documentation that is previously agreed and certified shall be furnished in three (3) copies for each autotransformer in both paper and electronic forms (hard and soft copies).

10 INSPECTIONS

Beneficiary is entitled to inspect the quality of works performed at the factory of the Manufacturer during the autotransformer manufacture. During the inspection, the Contractor is bound to enable examination of all stages of autotransformer manufacture.

Should the inspection find out that the autotransformer or any of its components does not meet the stipulated specifications and technical conditions, the Contractor shall carry out necessary changes, remodelling and additions thereto, so as to meet the prescribed requirements. All delays with respect to the stipulated dates affected by the inspection shall be the liability of the Contractor.
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