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1 GENERAL
1.1 Description
This section covers the rating, design, equipment requirements, of a auxiliary power transformer, complete and suitable for satisfactory operation. This is basically performance type specification and covers only those general aspects that are meant to ensure a minimum standard of quality performance.
This specification does not enumerate or describe all the materials and equipment to be supplied and all the services to be performed. All materials and equipment shall be provided as are required to make a complete, properly functioning installation and shall conform to the highest standards of engineering design and workmanship.
The auxiliary power transformer and associated equipment shall comply with this Specification and with the latest revision of the following IEC and NEMA Publications except where otherwise stated:
1.2 Scope of Supply
The goods and services to be performed by the Contractor shall comprise the design, manufacture, shop testing, packing, transport, insurance, replacement of defective equipment, submission of documentation and endorsement of the site testing methodology, test results for commissioning and final acceptance tests. 

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.
The Bill of Quantity (B.O.Q.) is summarized for the respective substations in the following schedule:
	Item
	EQUIPMENT
	400/110 kV
Vranje 4

	Cod
	Auxiliary Power Transformers
	pcs

	20001
	35/0.4 kV, 400 kVA outdoor, three phase, hermetically sealed, oil immersed transformer with ONAN cooling, off-load tap changer and other accessories
	2


2 EQUIPMENT REQUIREMENTS
2.1 General Design
The auxiliary transformers shall be of miniral, or natural vegetable soy, oil immersed three phase off-load tap changing type for outdoor mounting. They shall comply with the requirements of IEC 60076-1, IEC 60076-2, IEC 60076-3, IEC 60076-4, IEC 60076-5, IEC 60551, NEMA TR 1 (for noise level) and other relevant IEC standards if not otherwise required by Tender Documents
The auxiliary transformers shall meet the latest stage of development reached in design, construction and materials.
The transformers 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.
The transformers shall be designed to ensure that leakage flux does not cause overheating in any part of the transformer.
The transformer shall be capable of carrying a current of 110 % of its rated current for a period of at least one hour at the rated voltage, frequency and power factor under balanced load conditions. During this period the temperature of the windings shall not exceed the maximum allowable temperature for the class of insulation Class A to IEC 60085.
The transformer shall operate correctly, continuously and without being overloaded when nominal system voltages deviate ±10 % or frequency deviates ±5 % for long periods of time.
The transformer primary winding or a secondary winding, shall be designed to operate on the power system continuously on an unearthed system and for periods of up to 8 hours on an unearthed system with an earth fault applied to one phase within, or external to, the windings.
The required degree of ingress protection for the transformer, its main and auxiliary terminal boxes, its tap changer and its attached equipment shall not be less than IP 54 as defined in IEC 60529.
The current ratings of all the transformer windings shall be based on Class A insulation in accordance with IEC 60085.
The primary winding shall be insulated and the secondary winding star point of transformer shall be solidly earthed.
The transformer shall be designed for connection of cables through MV and LV cable box.
Insulating oil shall be provided by the Contractor for all oil-filled apparatus and 10% excess shall be provided for topping up purposes in sealed drum.
2.2 Core
The magnetic core shall be built up of high grade, non aging, low loss, high permeability, grain oriented steel sheets. Both sides of each steel sheet shall be insulated with a durable, hot oil and head resistant baked enamel varnish or other chemical treatment. The steel sheets shall be of thin lamination
Suitable axial cooling ducts shall be provided to ensure free circulation of oil and efficient cooling of the core. The ducts shall be so dimensioned that the maximum temperature at any point remains within the admissible limits.
Adequate metallic bridges shall be provided between the core lamination packets in order to keep all portions of the core assembly at the same potential.
Lifting eyes or lugs shall be provided at suitable points of the core assembly.

2.3 Windings
The windings shall be of high conductivity electrolytic copper.

The conductors shall be transposed at sufficient intervals to minimize eddy currents and equalize the current and temperature distribution along the winding. Coils shall be constructed to avoid abrasion of the insulation, (e.g. on transposed conductors), allowing for the expansion and contraction set up by changes of temperature or the vibration encountered during normal operation.

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

Leads from winding to bushings shall be adequately supported to prevent injury from vibration and short-circuit forces.

The assembled core and windings shall be dried in a vacuum to ensure proper moisture removal.

Winding connection symbols shall be in accordance with the group of symbols in IEC 60076-1.

The winding configuration shall be shown on the Technical Schedules.

The star point of star and interconnected-star windings shall be brought to an external terminal. The “star” point shall be arranged so that a single core cable of large cross sectional area can be terminated to it, and space is available for bending and glanding this cable.

Terminal and tapping marking shall be in accordance with IEC 60616.

The winding insulation material shall be to Class A as defined in IEC 60085 for oil-immersed transformers.

2.4 Tank
Transformer tank shall be hermetically sealed, without Buchholz relay and dehydrating breather, but shall include control-protective unit functioning as gas-actuated relay, contact thermometer, oil level indicator and pressure relay. Transformer wall shall be made of corrugated metal sheet so as to perform cooling function.

The tank shall be of adequate strength so that, when containing the core plus coil assembly and fully oil filled, 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, tap changing compartments and associated piping facilities shall be capable of withstanding full vacuum when empty of oil.

The base of the tank shall be so designed that it shall be possible to move the complete transformer unit in any direction without injury when using rollers, or skidded over plates or rails.

Each tank shall be provided with minimum of four jacking pads conveniently located to allow the raising or lowering of the completely mounted and oil filled transformer.

The movement of the transformer shall be achieved by a set of bi-directional flanged wheels. The change of the direction shall be made after lifting the transformer with hydraulic jacks.

The transformers when erected will be left standing on their wheels. The wheel blocking devices necessary to fix the position of the transformer shall be supplied together with the transformers, and shall be designed to withstand forces acting upon the transformers.

The gaskets shall be tight under all conditions, especially against the hot oil (synthetic rubber or neoprene-bonded cork is not permitted). Means shall be provided to prevent over-compression of the gaskets.

The relief device shall be mounted on the main tank and if mounted on the cover it shall be fitted with a skirt projecting inside the tank to prevent an accumulation of gas within the device. Two sets of contacts shall be provided to initiate the alarm and trip relays.

Terminals shall be provided at the base of the tank for earthing purposes and each shall be designed to meet system earth fault levels.

Rating plate with the data specified in IEC 60076 shall be fixed to the transformer tank.

2.5 Valves
Valves shall be of the fully sealing full-way type and shall be opened by turning counter-clockwise when facing the hand-wheel.

Each transformer tank shall be fitted at least with the following facilities:

· Upper and lower filter valves mounted diagonally opposite each other. The lower valve shall also function as a drain valve.
· An oil sampling device at the top and bottom of the main tank.
All parts containing oil and liable to trap air during filling shall be fitted with a flanged type air release plug at their highest points

Valves shall be at both sides of the gas and oil actuated relay.

All valves opening to atmosphere shall be fitted with blanking plates.

Al part containing oil, and liable to trap air during filling, shall be fitted with a flanged type air release plug at their highest points.

2.6 Off-Load Tap Changer

The auxiliary power transformers shall be equipped with an off-load tap changer on the high-voltage end of the high-voltage winding, providing a total ±5% voltage variation in steps of 2.5%.

The tapping mechanism shall be of solid construction, providing a positive selection of the taps. The tap position shall not be affected by short circuits, vibration or other adverse conditions liable to occur in service.

The tapping gear shall be operated by a handwheel or lever, and shall be fitted with an approved type of locking device, which can be locked only when tap changer is in a correct position.

2.7 Protection, Measuring and Indicating Devices
Control-protective unit functioning as gas-actuated relay, contact thermometer, oil level indicator and pressure relay
It shall have:
· The alarm and tripping shall be separate signals and shall not group with tripping signals group.
· Each relay shall be provided with test and checking facilities.
The normally open, electrically separate, alarm and tripping contacts shall not be exposed to oil.
2.8 Corrosion Protection and Painting
External surface shall be treated with anticorrosive and water-resisting and internal surfaces with oil-resisting anti condensation paint.
3 SPECIAL EQUIPMENT AND TOOLS

Works to be done under this Section include delivery of special equipment and tools for erection, installation, maintenance, test and operation purposes.
4 PERFORMANCE GUARANTEES AND REJECTION
Tolerances shall not exceed the values specified in IEC 60076-1, 2,3,4,5 or those given in the Technical Schedules.
4.1 Penalties for Deviation from Guarantees
4.1.1 Temperature Rise
The temperature rise of windings shall be determined by type tests. If, according to the results of the tests carried out within the scope of the Contract, the measured temperature rise exceeds the guaranteed value, the price for all transformers shall be reduced by a compensation for decreased life expectancy. The compensation shall be computed as follows:

Temperature Rise over the Admissible Limit
Compensation in Percent of the
Total F.O.B Price for the Transformer

0 - 1.99
0

2 - 2.99
4.5

3 - 3.99
9.0

4 - 5.00
13.5
No additional payment will be made for measured temperature rise of less than the guaranteed maximum.

4.2 Rejection

The Employer may, during tests at works, reject a power transformer for the following reasons:

If any of the losses exceed 25% of the guaranteed values;

If the impedance voltage exceeds tolerance values specified by IEC of the

guaranteed value;

If the temperature rise exceeds more than 5(K of the prescribed values.
5 INSPECTION AND TESTS
5.1 General
Tests shall be carried out in order to determine whether the material and equipment comply with the required properties.
All tests on material and equipment shall be made in accordance with IEC standards if not otherwise agreed by the Engineer/Beneficiary. If some tests are not covered or if 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 Project Manager for the approval.
The following lists of tests do not restrict the Engineer/Beneficiary ight to call for further tests if he considers these necessary at no extra cost.
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 site and during and after completion of erection all items of equipment shall be inspected and tested in order to check quality, correct operation and correct installation of the equipment. The Contractor - shall thoroughly dry all equipment that may absorb humidity during installation, before the tests.

5.2 Workshop Tests
5.2.1 Type Tests
The following type tests shall be performed:
1. Temperature Rise Test
These tests shall be carried out with the transformer at tap positions giving highest losses.
2. 
Full-Wave Impulse Test
These tests shall be carried out in accordance with IEC Recommendations on the HV. Tap changes shall be in the position on minimum tap.
5.2.2 Routine Test
The following routine tests hall be performed:

1. Measurement of winding resistances.

2. Measurement of voltage ratio and check of voltage relationship.

3. Measurement of impedance voltage (principal tapping) short-circuit impedance and load loss.

4. Measurement of no-load losses and no-load current at rated frequency and nominal voltage.

5. Induced-voltage test.

6. Separate source voltage test.

7. Oil test and function tests of auxiliary equipment.

5.3 Site Tests
5.3.1 General
On arrival at Site and during and after completion of erection, all items of equipment shall be inspected and tested so to ensure that there shall be no delay in commissioning due to supply of incorrect or damaged equipment.
The Site tests are subdivided into three stages:
· tests during and after completion of erection,

· commissioning tests,

· Guarantee Test.

5.3.2 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 during and after completion of erection on all equipment:
1. Verification of proper and complete erection;

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

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

4. Checking of transformer bolted connections by torque spanner;

5. Voltage withstand test on transformer oil;

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

7. Preliminary measuring of the insulation resistance by Megger;

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

9. Voltage tests of all electrical LV circuits.

10. Measurement of the physical, chemical, and electrical characteristics of the oil after filling.

11. Verification of turns ratio with measurement of charging current using an L.V. supply.

After successful completion of all foregoing tests the Contractor can proceed with Commissioning Tests specified herebelow.
5.3.3 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 quarantines as defined in the Technical Specifications and the Technical Schedules.
Commissioning shall be performed in accordance with a Detailed Commissioning Test Program prepared by the Contractor and approved by the Engineer/Beneficiary.
The Contractor shall perform the following commissioning tests on the main transformers:
1. Insulation resistance measuring by a Megger of 2500 V;

2. Checking of complete wiring for individual and remote control and signaling;

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

4. Measurement   of   the   physical,   chemical   and   electrical   characteristic   of   the transformer oil after filling;

5. Checking of contacts for protection against maloperation of the tap changer;

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

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

Appropriate standard and special instruments  and other measuring equipment, shall be provided by the Contractor.

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

Unless specifically mentioned otherwise these tests shall be made in accordance with the one of applicable international standards, subject to the approval of the Project Manager, or according to a method proposed by the Contractor and approved by the Project Manager.

5.5 Tests on Transformer Tank
One empty tank shall be subjected to a full vacuum, without showing any permanent deflection of the stiffeners or any deflection of the walls which, in the opinion of the Project Manager, might affect the mechanical strength of the tank.

All transformer tanks, normally oil-filled compartments and cooling systems, shall be subjected to a pressure test for a period of 24 hours at a pressure equal to double the normal working pressure without showing any sign of leakage's.

5.6 Tests on Protective and Alarm Devices
Protective and alarm devices shall be subjected to appropriate thorough operating tests, as proposed by the Contractor and agreed by Engineer/Beneficiary.
6 DOCUMENTATION
The following documentation shall be submitted with the Tender:
1. General arrangement drawings, showing particulars of all associated equipment and accessories; their overall dimensions; shipping, untanking, and lifting dimensions; mass of the complete transformers, their components, and oil, etc, as well as their foundation details.

2. Manufacturing specification of the proposed types of transformers and associated equipment.

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

4. Detailed description and technical information of core assembly.

5. Winding construction.

6. Descriptive catalogues and literature on the proposed types of transformers.

7. Quality control or certificates.
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