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330 kV Autotransformers
The Requirements
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34Annex 1 Technical Requirements




1 General
1.1 PROJECT OVERVIEW
Since the beginning of the full-scale russian military invasion of Ukraine, energy infrastructure has been one of the main targets for the enemy. Due to massive attacks on facilities of critical infrastructure, in particular, the transmission and distribution systems and generation, nearly 50% of the Ukrainian integrated power system is damaged or destroyed.
In this regard, National Power Company “Ukrenergo” has approached USAID to provide financing to perform procurement of the equipment for replacement of the damaged equipment. This project envisages the manufacturing and delivery of new autotransformers 330 kV that are crucial for the functioning of the Integrated Power System of Ukraine.
1.2 INTENT OF SPECIFICATION
The specification includes design, engineering, manufacture, fabrication, testing at manufacturer’s works, delivery and unloading at site of the transformers. It includes, but is not limited to, witnessing and supervision of any erection works, site tests and commissioning undertaken by the Substation Contractor under another project.  
It is the intent of this specification to describe primary features, materials, and design and performance requirements and to establish minimum standards for the work.
1.3 CODES AND STANDARDS
This document primarily refers to IEC codes and standards to which the Supplier shall conform. 
Wherever reference is made in the Technical Specifications to specific standards and codes to be met by the goods and materials to be furnished or tested, the provisions of the latest current edition or revision of the relevant standards or codes in effect shall apply, unless otherwise expressly stated in the Specifications. 
1.4 NETWORK ELECTRICAL PARAMETERS 
The rated frequency of all equipment shall be 50 Hz. 
The following voltage levels shall be considered for the project according to State Standard GOST 1516.3-96: 
Table 2.1: Primary Systems

	Description
	Nominal System 
Voltage (kV)
	Maximum System 
Voltage (kV)

	National Transmission 
Voltage Levels
	750
	787

	
	500
	525

	
	400
	420

	
	330
	363

	
	220
	252

	Distribution 
· Voltage Levels
	150
	172

	· 
	110
	126

	
	35
	40.5

	
	15.75
	17.5

	
	10
	12

	
	6
	7.2


Table 2.2: Low Voltage Systems for AC and DC 

	Voltage System
	Voltage 
	Notes

	LV AC
	380V (400V max) / 
220V (230V max)
	Low Voltage Distribution Voltage Level / Site Supplies

	LV DC 
	220 V

	Nominal Battery Voltage Level

	
	60V
	Telephone


	
	24V or 220V
	Automated Process Control System (APCS), SCADA, alarms etc


2 GENERAL INFORMATION ABOUT CLIMATIC CONDITIONS
2.1 NATURAL AND CLIMATIC CONDITIONS 
Ukraine has a mostly temperate continental climate. Rainfall is disproportionately distributed; it is highest in the west and north and lowest in the east and southeast. Winters vary from cool along the Black Sea to cold farther inland. Average annual temperatures range from 5.5°C - 7°C in the north, to 11°C –13°C in the south. An approximate temperature range should be considered of a maximum of +42°C and a minimum of -36°C. 
The climate and geologic conditions indicated in the table below shall be taken into consideration for the design of the transformer. 
Table 3.2: Climatic and Geological Conditions
	No
	Description
	Unit
	Requirements

	1
	Altitude of the site above sea level
	M
	<1000

	2
	Degree of pollution: IEC class (reference IEC 60815-1 2008)
	
	‘c’ medium

	3
	Maximum Ice Coating (IEC 62271-1)
	mm
	20

	4
	Wind load
	Pa
	550

	5
	Minimum Temperature 
(IEC Class)
	°C
	-40

	6
	Maximum Temperature 
(IEC Class)
	°C
	40

	7
	Average annual rainfall
	mm
	500

	8
	Wind speed
	m/s
	34


3 SCOPE OF SUPPLY
3.1 GENERAL
Table 4.1: Supply of 330kV autotransformers 
	No
	Transformer 
	Quantity

	1
	Autotransformer 330/150/35kV, 250 MVA (three-phase)
	5 pcs.

	2
	Autotransformer 330/220/35kV, 250 MVA (three-phase)
	2 pcs.

	3
	Autotransformer 330/150/10kV, 250 MVA (three-phase)
	1 pcs.

	4
	Autotransformer 330/110/10kV, 200 MVA (three-phase)
	2 pcs.

	5
	Autotransformer 330/110/6kV, 200 MVA (three-phase)
	2 pcs.


3.2 SCOPE OF SUPPLY
In summary, the scope of autotransformer supply includes, but is not limited to:
· Design and manufacture of the transformer in compliance with the engineering solutions agreed with the Purchaser.
· Factory acceptance testing (FAT) – including any applicable type testing
· Packing of transformer and all associated components for transport
· Loading at the Manufacturers facility, transportation to the substation and off-loading; either to a temporary storage location or the final installation place (service plinth). 
· Provide supervision (Chef Montage) during relocation of the supplied equipment from temporary place to the final location and during installation, erection, oil filling/processing, testing and commissioning of the supplied equipment by the Substation Contractor.  
· Provide all necessary documentation, specifications, drawings, plans, general arrangements and technical data for the supplied transformers under this contract. 
· Provide complete operations and maintenance manuals for all equipment supplied as part of this contract
The terms of transportation to substations, unloading and providing supervision may be detailed prior to the start of transportation of the transformers, taking into account the current situation regarding military risks in Ukraine.
The Tenderer shall provide a manufacturer’s letter confirming the availability of the service centre (located in Ukraine or abroad) for provision of technical support related to maintenance and repair of the Goods supplied under the Contract during the service life of the Goods. The full name and address of the enterprise (service centre) that provides such technical support shall be specified in this letter.
3.2.1 Supervision of Installation/Commissioning
The Supplier shall provide a qualified representative for installation and commissioning supervision (Chef Montage). The Chef Montage shall perform supervision on all tasks during erection and commissioning of the transformers. Supervision shall include, but not be limited to, the following activities: 
· Preparation of temporary storage and offloading of transformer at temporary location on site (as required)
· Inspection of completed civil works, especially foundations and transportation rails erected by the Purchaser
· Loading, transportation and unloading of the transformers during transfer from the temporary storage location to the final installation place 
· Installation of all bushings, conservator tanks, pipework and other attachable equipment.
· Erection of local control/marshalling cubicles and installation of cabling between these cubicles and the transformer.  
· Final oil filling and processing of the transformers.
· Pre-energisation commissioning tests, including functional testing of cooling systems/ tap changers and all trip/alarm functions.
· Connections of the transformers to the substation switchyards and between transformers and phase shifting transformers including primary electrical connections, earthing, signalling, protection and control secondary circuits, and the substation auxiliaries power supply 
· Final pre-commissioning visual inspection check conducted by Purchaser, confirming that the complete sets are in conformity with the Suppliers documentation and technical requirements of the Purchaser. 
· Commissioning of the transformers

3.2.2 Civil Design Information
The information required for Civil design (transformer foundations, transformer rails) shall be provided by the Supplier 3 months after contract signing. 
3.2.3 Transportation to Site 
The entire planning of the transportation to site, including the receipt of all necessary approvals according to the Ukraine legislation and international standards, protective packaging and transportation equipment shall be the responsibility of the transformer Supplier. 
3.2.4 Documentation
The documentation for the transformers shall be provided by Supplier 6 months after contract signing. This documentation shall include all general arrangement, primary electrical diagrams, signalling, control and protection secondary circuits diagrams – the list of documents will be finalised at the contract signing. This documentation shall contain all necessary information to enable for installation, connection and commissioning of the transformers. All operational and maintenance information for the supplied transformers shall also be provided in accordance with the applicable Ukrainian standards.
3.2.5 Spare Parts and Tools:
The quantities of the recommended spare parts and tools shall be advised by the Supplier for each substation. The scope of supply shall include lubricants, wear and tear parts, and spare parts for 5 years’ operation.
One set of spares for the guaranteed operation time period shall be supplied together with the transformer including, but not limited to: 
· Disc gate valve – 1 pc. of each type; 
· Glass for air moisture trap and oil indicator; 
· Silica gel for moisture trap and thermosiphon filter – 100% of total quantity; 
A final List of Spares for each transformer shall be agreed based on the manufactures’ recommendations. 
The Supplier shall provide to the Purchaser any special tools required to carry out repair and maintenance work for the equipment supplied. The list of the tools shall be mutually agreed between the Supplier and the Purchaser. 
3.3 WARRANTY 
The Supplier shall guarantee reliable operation of the entire supplied equipment at least during the time required by the Purchaser for each type of equipment as listed in the Technical Specifications (see tables of Technical Data Sheets). The defect liability (warranty) period for the entire supplied equipment shall be at least 5 years from the commissioning date or 5.5 years from the date of its receipt at the Purchaser’s storage location, whichever expires earlier. 
During the warranty period, the Supplier is required to rectify all the defects at its own cost and repair or replace any part of the equipment which has become inoperative due to manufacturing fault or fair usage in accordance with the Suppliers operating instructions and/or the Purchasers Technical Specification.  In the event of defects caused by inappropriate use by the Purchaser, the Supplier can bill the Purchaser for the services rendered. 
Any defects shall be rectified during the warranty period by the Supplier as soon as possible but not later than within 1.5 months from the date of receipt of a written notice from the Purchaser.
The Supplier has to ensure integrity and adequacy of the supplied equipment, even if the necessary equipment or services were not specifically mentioned in the given technical specifications. 
4 SPECIFICATIONS FOR MAIN EQUIPMENT 
All the transformers shall be designed for a lifetime of at least 30 years without the need for an overhaul at the conditions prevailing at the installation site. 
4.1 Requirements 
The following transformers shall be supplied:
Three Phase Autotransformer

Main technical characteristics are summarised in the following table.
Table 5.1: Autotransformer 
	Description
	Main technical data

	Higher Voltage (HV), kV
	330
	330
	330
	330
	330

	Medium Voltage (MV), kV
	150
	220
	150
	110
	110

	Lower Voltage (LV), kV
	35
	35
	10
	10
	6

	Max Standard 
Continuous Power Rating, MVA
	250
	250
	250
	200
	200

	Winding Connection diagram 
& group (3-Phase)
	YNa0d11
	YNa0d11
	YNa0d11
	YNa0d11
	YNa0d11

	Tapping Range (%) – see note 1
	158±
6x2% UMV

	252±
6х2% UMV

	158±
6х2% UMV

	115±
6х2% UMV

	115±
6х2% UMV


	Tapping Winding
	OLTC in MV line
	OLTC in MV line
	OLTC in MV line
	OLTC in MV line
	OLTC in MV line

	Nominal Short-Circuit Voltage for Windings (at nominal tap), 
(%) 
· HV-MV (tolerance ±10%)
· HV-LV (tolerance ±15%)
· MV-LV (tolerance ±15%)
	10,5
54
42
	10,5
90
72
	10,5
54
42
	10,5
38
25
	10,5
38
25


Note 1: Tapping range, tap step and winding, Impedances to be finalised with Ukrenergo at design stage.  
4.2 General Design 
The design of the transformers shall be based on all relevant IEC standards including but not limited the following requirements: 
a. The transformers shall be designed in accordance with the latest requirement of IEC 60076.
b. The transformers shall comply with current European Commission transformer Eco design requirements [Regulation No. 548/2014 implementing Directive 2009/125/EG, as amended by Commission Regulation (EU) 2019/1783].
c. The 330kV autotransformers shall be three-phase outdoor type, oil immersed with on-load tap-changer. 
d. The new transformers shall be suitable for operation in parallel with the existing transformers. 
e. The transformers shall be designed for continuous full-load operation at ambient temperature of +40°C.  
f. The maximum permissible temperature rise (above the ambient temperature) of the transformer shall not exceed the following values based on the IEC 60076-2 clause 6.2 (table 1), 
· Top insulation liquid: 60 K 
· Average winding: 65 K 
· Hot-spot winding: 78 K 
g. The transformers, completely assembled, shall also be designed and constructed to withstand the effects of short circuits as per IEC 60076. without any damage.
h. Neutral points shall be brought out and grounded as specified. 
i. The transformers shall be designed to ensure that leakage flux does not cause overheating in any part of the transformer. 
j. The duration of three phase short circuit currents shall be a maximum of 3 seconds 
k. The stabilizing delta winding (LV winding) shall be brought out by outdoor bushings.  Where an external load is not connected then the connections to these bushings shall be configured for service and grounded by solid copper bars rigidly supported and fastened. 
l. The transformers shall be designed to have a lifetime of at least 30 years in the conditions prevailing at the installation site. 
m. The transformers shall be designed with built-in current transformer for protection purpose (as detailed in the technical data sheets).
4.3 Windings
The values for all insulation and test levels shall be obtained from the description of the general technical requirements of these Specifications. 
Electrolytic copper of a high conductivity and insulation material of high quality, with a thermal class of 105°C (Letter of Designation “A”) in accordance with IEC 60085, shall be used for all windings. 
Windings shall be constructed with conductors having constant cross-section along the whole windings, and the current densities shall not exceed 3 A/mm² in any part of the windings at rated loading. 
The insulation material of windings and connections shall be free from insulation compounds subject to softening, shrinking or collapsing during service. 
All windings and their leads shall be designed and arranged such as to withstand all kinds of transferred over-voltages. 
The coils shall be capable of withstanding movement and distortion caused by all operating conditions as specified in IEC 60076-7. Adequate barriers shall be provided between windings and core and between the windings. All leads or bars from the windings to the terminal boxes and bushings shall be rigidly supported. 
The transformer shall have the highest losses at the highest current tap (lowest voltage tap). 
4.4 Magnetic Core 
Three limb cores shall be used for the three phase transformers.
The magnetic core shall be made of laminations of non-ageing, cold-rolled, grain-oriented, silicon steel of high permeability (max core loss at 1.7T / 50Hz of 1.05 W/kg – IEC 60404-8) without burrs. 
The thickness of laminations shall be from 0.18 to 0.3 mm 
Each lamination shall be insulated with high quality insulation coating. The insulating coating shall be very thin (< 4 µm). The joints of limbs and yokes shall be designed and constructed to keep the no-load losses and the hot spot temperature in the magnetic core as well as the noise level as low as possible by application of the step-lap core stacking method. 
The cross section of the core and limb height shall be chosen to ensure that the natural frequencies of the core do not coincide with the frequencies of the magnetic field. 
The maximum magnetic flux density in the legs and yokes of the core shall not exceed 1.7 Tesla at rated voltage and frequency. 
The following minimum over-fluxing requirements shall apply (IEC 60076)
a. Continuous: 
110% of rated volts/hertz; 
b. 1 minute: 
125% of rated volts/hertz; 
c. 5 seconds: 
140% of rated volts/hertz. 
The magnetic core shall be earthed to the clamping plates structure at one point only through removable copper links, placed in an accessible position beneath an inspection housing/opening on the tank cover, 
The connection to the link shall be on the same side of the core as the main tank earth connection. 
4.5 Transformer Tanks 
The transformer tank shall be of welded construction, except for points of connection with the bell (cover); the structure shall be of sufficient strength and rigidity to withstand moving, shipping and handling without any deformation. 
Transformers shall have a bell-type tank with removable cover. 

Additional openings (at least 2) shall be on the top of the tank for inspection purposes (e.g. by using endoscope type cameras). 
The completely assembled transformer tank including radiators, conservators, and associated oil piping shall be fully vacuum proof. 
The shape and arrangement of the tank bell (cover) and external stiffeners shall permit rainwater to flow easily and completely to the ground. 
The tank bottom shall be of one piece, self-supporting, and have a minimum thickness of 50 mm, or have a welded structure with reinforcing ribs to provide the bottom’s strength and stiffness not worse than in case of a flat tank bottom with minimum thickness of 50 mm. 
All connections bolted to the tank shall be fitted with suitable gas and oil resistant gaskets made of such a material that no deterioration occurs under service conditions, i.e. heat and oil resistant rubber. All gaskets shall be of closed design (without open ends) and shall be of one piece only. Rubber gaskets used for flange connections of the various oil compartments shall be laid in grooves or in groove-equivalent retainers on both sides of the gaskets throughout their total length.
All welds and joints, except those on the tank cover, which can be connected to the upper tank flange by welding, shall be welded both inside and outside the tank to ensure strong, airtight joints. Welds shall be tested by ultrasound and additionally painted. Reports on the tests of the welds shall be provided at the time of acceptance of the equipment.
Transformers shall be equipped with manholes and hand-holes of suitable size to facilitate installation and maintenance (i.e. tap changers, current transformers, bushings etc.).  Lids of inspection holes and manholes for manual operations in the transformer tank cover shall have an air-tight design. All inspection covers etc. shall be provided with two lifting handles each. 
It shall be possible to remove any bushing completely without removing the tank cover. To facilitate this, easy access shall also be provided to the internal connection of bushings without requiring extensive dismantling any externally mounted parts, such as radiators etc. 
The complete tank and its cover shall be designed in such a manner as to leave no external pockets in which water can accumulate, no internal pockets in which oil can remain when draining the tank and/or in which air can be trapped when filling the tank. 
The tank bells (cover) and all covers for mounting, cleaning, manholes, hand holes and inspection openings on tank and cable boxes etc. shall be earthed by suitable grounding conductors of the flexible type with appropriate cross section. Appropriate earthing studs with bolts and washers of stainless steel shall be provided.
Spring-loaded pressure relief devices (fitted with trip contacts) shall be mounted onto the tank for rapid release of any pressure that might be generated within the tank and cause damage to the equipment or deformation of the tank. The devices shall operate at a static pressure, which shall be less than the test pressure on tank and shall be designed to reclose following operation to minimise oil flow from the transformer. 
The tank cover shall be provided with pockets for the installation of dial type thermometers.  These shall be provided for both for oil and winding temperature indicators and be located in the position of maximum oil temperature at continuous maximum rating. Captive weatherproof screw caps shall be provided to the thermometer pockets when it is not in use.
The tanks shall provide space or facility to install sensors or any equipment necessary for condition monitoring system in the future. 
Transformer tanks shall also be equipped with flanges that will allow for future installation of a fire-suppression system (i.e. SERGI) in the future.
The following moving and handling facilities shall be provided for each transformer: 
a. Eight (8) jacking pads conveniently located to allow the raising or lowering of the completely mounted and oil filled transformer by means of hydraulic jacks. , 
b. Four (4) lifting lugs, for lifting the complete transformer and tank cover and facilities for the pulling, turning and lifting of the autotransformer in any direction by means of crane shall be provided for each autotransformer (transformer). 
c. Flanged wheels with blocking facilities for transformers. 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 seismic forces acting upon the transformers. 

d. One (1) tank access ladder of galvanized steel with lockable hinged door securely fixed onto the tank cover and lower parts of the tank. Ladders shall be provided with handrails of min. 100 cm length at the upper end. Handrails shall be rigidly fixed on the ladders and onto the transformer tank. 
e. Oil sampling valves (top and bottom) of gate type or globe type with suitable adapters of male thread fitted with screwed cap for direct connection of oil sampling facilities shall be provided and shall be arranged diagonally on one tank wall at a convenient height. 
f. Locking devices for all valves. Locking devices shall be provided for locking all valves in the “open” and “closed” positions. Locking devices are part of supply. 

g. Two adequate earthing terminals completely made of stainless steel shall be provided and installed diagonally at the bottom of the transformer tank, in such a way that a low resistance connection to the local earthing system is guaranteed.
4.6 Corrosion Protection and Painting
Control boxes or cubicles and marshalling cubicles shall be hot-dip galvanized or equivalent protection agreed with the Purchaser.
The main tank conservator, radiators, fan grills, pipework can be paint-coated as agreed with the Purchaser.
External surfaces shall be treated with anticorrosive and water-resistant paint and internal surfaces with oil-resistant anti condensation paint. 
The equipment shall be so designed that any features, which may encourage the formation of rust, are avoided. 
The final coat colour shall be light grey (RAL 7038). 
The internal surfaces shall be coated with epoxy-based paint, which is inert to transformer oil and has good dielectric properties. A minimum of one primer and one final coat shall be applied. The final colour shall be white.
4.7 Oil Conservator 
Oil conservator vessels shall be of the cylindrical type and shall be of welded construction.  They shall be equipped with an air-bag type oil preservation system. Separate compartments shall be provided for the main tank and tap changer which shall be sealed from each other.
The conservator vessel shall be mounted at the highest point of the oil system and shall be connected to the highest point of the tank through a straight sloping pipe. Separate installation of conservator vessels from the transformer tank is not allowed. Metal supports of the conservator shall be attached to the transformer’s tank. The conservator shall not be located directly on the tank cover. 
The volume of the conservator shall be adequate to allow for oil expansion from the coldest ambient temperature when the transformer is de-energized to the maximum ambient temperature with the transformer energised at full load (i.e. at -40 °C to 110 °C). 
Adequate isolating valves of gate type or globe type shall permit the removal of the main Buchholz relays while the conservator is still connected to the tank by a pipe bypassing the relays. 
The conservator vessel shall be provided with the fittings detailed in this clause. 
The conservator compartments shall each be fully vacuum proof and designed in such a way that they can be completely drained by means of drain valves. They shall be furnished with cleaning openings in such a manner as to avoid damage to the air bags, i.e. the front walls of the conservators shall be completely removable and shall be equipped with two lifting lugs each. 
Each conservator compartment shall be equipped with filling valve, drain valve, lifting lugs, etc. 
Each conservator compartment shall be fitted with two parallel maintenance free dehydrating breathers in the air bag vent pipe.  
The dehydrating breathers as well as all filling and draining devices shall be rigidly fastened at an accessible position in a convenient height of approximately 1,5m above ground level. Furthermore, all of the breathers shall be rigidly fixed onto the tank by appropriate mounting brackets at their lower ends. Dehydrating breather and oil level gauges shall not incorporate any PVC material. 
An alarm shall be provided to detect failure of the air bag system. 
4.8 Piping and Valves 
All piping required for the connection/filling of the various parts of the transformers as well as the valves required for oil sampling, draining, filtering, connection of the radiators, drain and vent plugs, etc. shall to be included. 
All flanges to which the valves are to be connected shall be welded on to transformer tank and shall be leak proof. All piping shall be rigidly supported. 
All valves for draining, oil sampling, filling, filtering, vacuum application and vacuum equalizing shall be mounted at a convenient floor height and shall be equipped with rigid padlocking facilities to the approval of the Purchaser.  A set of suitable padlocks shall be provided, with individual keys and a master key system.  Master keys shall be unique to each transformer. 
All isolation valves and shut-off valves other than those for radiators shall be equipped with adequate operation handles and position indicators (“open”/ “shut”). Ball-type valves of any kind shall not be provided. 
All filter valves and drain valves shall be fitted with male thread adapters and provided with a screwed captive cap. Oil sampling valves for transformer main tank shall have the same appropriately threaded adapters. 
Suitable oil sampling valves fitted with appropriate thread adapters and a screwed cap shall be provided for all kinds of OLTC. 
4.9 Transformer Oil
The insulation oil shall be mineral oil (inhibited)  approved by Ukrainian law; it shall be acid refined with properties complying with IEC 60296 with a fire point ≥135 °C. The insulation oil of all transformers shall be Polychlorinated biphenyls (PCB) free. 
4.10 Cooling 
The three-phase autotransformers shall be equipped with three-stage cooling (ONAN/ONAF1 /ONAF2). 
Radiators and coolers shall be designed to allow ease of cleaning and painting when in position. The design shall also avoid pockets in which water can collect. 
The radiator elements shall be divided into a series of groups.   Shut-off valves shall be provided at the top and bottom connections of each radiator group to permit removal of the radiators from the transformer under service conditions. Each radiator group shall be fitted with drain valve and air release plug. 
Dismantling of one of the radiators or air blowers shall be possible without causing the temperature to rise above the permissible values when the transformer is working at the maximum rating. 
The radiators shall be assembled and fitted to the tank in such a manner as to provide mechanical protection to them and to prevent vibrations. Radiators shall be pressure tested and liquid tight. 
Where forced air-cooling is provided it shall be possible to remove the fan, complete with its motor and supporting structure without disturbing or dismantling the cooler framework or pipework. The fans shall not be mounted directly on the radiator fins or radiators itself. Fans shall be numbered and have the direction of rotation clearly marked. 
The fan motors shall be of the squirrel cage type, with IP55 protection class, and shall be designed for the direct starting and continuous running from the 3-phase substation supply. 
The number of fans per radiator shall be calculated on basis of the maximum ambient temperature. The fans shall form an integral part with their individual motors and shall be arranged in groups mounted in fan housings. The fan blades shall be of ionized aluminium alloy and shall be dynamically balanced. 
The grounding (earthing) of the air fans motors shall be done locally and not through the transformer control panel. 
The AC auxiliary electrical supply to the cooling system shall be provided by means of a LV incoming circuit breaker. Each motor shall have its own motor starter fitted with thermal and magnetic overload release as well as MCB or MCCB and isolating facilities. The control circuit of each group of fan motors shall be provided with a time delay relay to prevent switching off the fan for at least five minutes after starting of the same. 

Stainless steel wire mesh guards shall be provided to prevent accidental contact with the fan blades. Metal guards shall also be provided over all other moving parts. The guards shall be designed so that neither the blades nor other moving parts can be touched. 
The control equipment for the cooling plant and all auxiliary devices shall be accommodated in a weather-proof cabinet (protection degree IP 55) with facilities for the selection of automatic or manual control of the cooling plant motors and remote indication/alarms. The weatherproof cabinet shall be installed on structures independent to the transformer...Facilities shall be provided to interface the status indications and manual control of the fans/pumps with the substation control system (interface to be installed by the Installation Purchaser).
The following standard accessories shall be provided: 
a. One (1) butterfly valve each for inlet and outlet for each radiator
b. One (1) upper and lower common header for each cooler bank each connected onto the transformer tank via isolating valves as below
c. One (1) isolating valve (of the slide valve type) each for inlet and outlet for each of the cooling pumps for connection with the tank and common headers of cooler banks
d. One (1) isolating valve (of the slide valve type) for connecting each of the common headers of each cooler bank with the transformer tank 
e. One (1) isolating valves (of the slide valve type) for connecting additional upper common headers (if any) directly with the transformer tank or cover 
f. One (1) drain plug with screwed cap at the inlets or outlets of each common header suitable for temporary installation of temperature sensors directly in the oil-flow during heat-run tests 
g. One (1) air vent plug with screwed cap at the inlets and outlets of each common header suitable for temporary installation of temperature sensors directly in the oil-flow during heat run tests. 
h. Additional air vent plugs and drain plugs on common headers, if required 
i. 1 (one) drain plug at the outlet of each radiator group
j. 1 (one) air vent plug at the inlet of each radiator group
A group alarm shall be initiated if any fan motor fails, however, switching off any further motor of the same group shall be avoided. The following lamp initiating devices having auxiliary normally opened contacts shall be included as applicable for the cooling system: 
a. cooling fans failure for each radiator group 
b. cooling fans start for each group 
c. cooling system switched on manual (local) control 
d. cooling system switched on automatic control. 
4.11 On-Load Tap Changer (OLTC) 
The OLTC shall be of the vacuum type. The contacts shall be designed for a service life of approx. 300,000 operations under rated load, and the switch unit should be suitable for a minimum of 1.2 million operations. The service life of the mechanical gear should be consistent with the contact life. 
For autotransformers, the tapping winding shall be at the line-end winding of the Medium Voltage side of the transformer. 

The OLTC shall be in conformity with IEC 60214. OLTC shall have been type tested, and related type test certificates shall be supplied with the offer. 

The rated power of the transformers shall remain constant at all tap positions, and the OLTC shall be capable of successful tap changes for the maximum current to which the transformer can be loaded. 
The diverter switch shall be of high-speed transition resistor type equipped with vacuum interrupters. The equipment shall be so arranged as to ensure that when a tap change has been initiated, it will be completed independently of the operation of the control relays and switches. 
Overvoltage protection between selected and preselected tapping shall be made by the use of varistors. 
Metal covers for drive shafts shall be provided on the tank cover. The compartment shall be easily accessible for minor inspections of contacts. 
The OLTC tank should be designed such that the OLTC can be removed / replaced without removal of transformer windings / core and top cover of the main tank. A pressure relief device shall be fitted to the OLTC compartment with a trip contact and an operation indicator.
The OLTC shall be designed to withstand the specified through-fault currents without damage. 
All signals, remote controls, alarms etc. shall be wired to a common terminal strip in the equipment cubicle to facilitate interfacing with the Substation Control System by the Purchaser. The OLTC shall be capable of local manual control near the transformer and of remote control from the transformer control panel.  
Facilities shall be provided for OLTC condition monitoring as part of the overall transformer monitoring system.  The Supplier shall submit a list of data exchange protocols (e.g. IEC 61850), supported by the OLTC equipment for data transmission to control and monitoring cabinets and SCADA. Additionally, the Supplier shall indicate the time synchronization protocol (PTP v2 (Precision Time Protocol IEEE 1588 2008) or another), if OLTC data includes timestamp. 
OLTC shall be capable of automatic voltage regulation by means of a transformer controller. 
As minimum the following equipment shall be provided in the cubicle: 
a. Tap position indicator with engraved position numbers, easily readable from ground level.

b. All electrical control switches and local manual operating gear shall be clearly labelled and approved by the Purchaser to indicate the direction of tap changing. 
c. Operation counter 
d. Lamp, indicating tap changer operation. 
e. Crank handle for manual operation 
f. Cabinet lamp controlled via door contact 
g. Plug socket LV, AC 230 V/16 A 
h. One heater
i. MCBs for auxiliary supply circuits
j. Padlock facilities for front door
k. Outdoor cabinet for OLTC three-phase remote control at the AIS site
l. Single drive of the OLTC for one unit
m. Mechanical indicator of the OLTC position in the drive, clearly identified and accessible for reading by operating personnel
The motor drive plus all auxiliary equipment for operation of the tap changer, shall be incorporated in a rigid control cabinet, protection class IP 64 and shall be mounted onto the transformer tank at a convenient height. The driving gear shall be of the belt-type or equivalent dry-type gear. Oil filled driving gears are also acceptable. 
As minimum the following requirements shall be met by the motor drive: 
a. The driving motor shall be rated for 400/230V AC 
b. A command from local or remote-control switch shall cause only one tap movement.  The control switch must be returned to the “off” position between successful operations 

c. Thermal overload protection shall be installed in the motor drive cubicle. 
d. Limit switches shall be provided to prevent overrunning of the tap changing mechanism. These shall be directly connected to the operating motor circuit.
e. Mechanical stops shall be fitted to prevent over running of the mechanism under any conditions.
f. It shall be compatible with automatic control from an Automatic voltage control scheme
g. Hand operation shall be possible by means of a crank handle.  This is for use in the case of a failure in the electrical supply system 
h. It shall not be possible to operate the electric drive when the manual operating gear is in use.
i. A switching operation shall be safely completed in the event of loss of control current in any operating mode (manual, local, remote).
4.12 Protection, Measuring and Indicating Devices
The transformers shall be equipped with protection, measuring and signalling circuits which shall be housed in cabinets supplied by the transformer manufacturer.  
The following facilities shall be provided:

a. Gas protection relays (Buchholz or equivalent with alarm and tripping contacts) shall be fitted to the main transformer tank and tap-changer compartment (jet relays). 

Gas protection shall be twin float relays. They must be free from operation caused by pump surges. Covered sight glasses shall be provided, arranged in opposite position to each other. 

The relays shall be equipped with a gas sampling and testing device. 
Gas protection relays shall have a test valve and a test key. The test valve and the test key shall be accessible from the front of the relay (in oil-flow direction) above the sight glass.

Gas protection relay shall be installed in the pipe between the main tank / tap changer and the conservator ascending towards the conservator by 0° to 5°. Contacts shall be of magnetic type, rated for a contact load of 250 V DC / 2 A (non-inductive) and 250 V AC / 2 A (cos ϕ = 1). It shall withstand shocks (25 g, 6 ms) and vibrations (2 – 200 Hz, 1 g) in accordance with IEC 60721-3-4 class 4M6. It shall also withstand magnetic fields of up to 25 mT in any direction resp. polarity.

With accumulation of gas in the top of the gas protection relay the alarm contact shall be actuated. With loss of insulation liquid, the trip contacts shall be actuated. The trip contacts shall also be actuated by a sudden rise of the oil flow rate through the relay.
The pipes connecting the gas protection relays shall have gate valves on both sides (easily accessible from tank cover) to enable dismantling of the relay without oil leakage. Small piping from gas protection relay to gas sampling and testing devices shall be made throughout the total length from flexible steel pipes. The use of a capillary made of copper tube with additional protection in places of possible damage during maintenance of the transformer is allowed.
b. A pressure relief device of the spring-loaded type with a metal pin-type operation indicator and trip contact shall be installed for the transformer main tank and OLTC compartment.

c. Temperature indicators shall be provided and placed in such a position that accurate reading from the ground level is possible.

Temperature indicators shall be of the radial dial type with instantaneous and maximum pointers, a remote indicator (PT100), and adjustable contact units. The range of temperature indication shall be from -20°C to 140°C for oil temperatures and from 0°C to 160°C for winding temperatures.

Thermostats and temperature sensors shall be easily accessible. 
Temperature indicators shall be arranged in an approved manner under corrosion-proof covers above the control kiosk. Capillaries shall be properly protected throughout the total length by appropriate flexible steel conduits and shall enter the instruments from bottom side. The use of a flexible copper tube in the outer protective sheath of steel wire in the form of a tightly wound spiral is allowed. To avoid damages at the connection points of capillary tubes to temperature detectors all heads of these sensors shall be suitably and completely covered. Thermometer pockets shall be arranged in the vicinity nearest to the active part and shall not be subjected to impermissible stray flux.

d. A transformer winding hot spot measurement system based on fibre optic sensors shall be installed. The system shall follow the recommendations of IEC 60076-2 Annex E.   Any use of the word “should” therein shall thus be replaced by the word “shall”. In addition, tertiary windings shall be equipped with 1 (one) temperature sensor per phase. The location of the sensors shall be shown in detail in the transformer documentation, with an installation photograph required for each sensor. These photographs shall be reviewed during factory acceptance test (FAT) to confirm that oil flow around the sensor is prevented. 
The fibre optic sensors shall be functionally tested at the following points in the transformer assembly process:
· after installation of any winding 
· after core drying 
· before connection with feedthrough 
· after connection with feedthrough 
This equipment shall be type tested in accordance with the following IEC standards: 
· IEC 61000-4-2 


· IEC 61000-4-3 

 
· IEC 61000-4-4 

 
· IEC 61000-4-5 

 
· IEC 61000-4-6 

 
· IEC 61000-4-8 

 
· IEC 61000-4-11 
 
· IEC 60255-5 

 
· IEC 60255-21-1 
 
· IEC 60255-21-2 
 
· IEC 60068-2-1 

 
· IEC 60068-2-2
· IEC 60068-2-30
e. An oil level gauge shall be fitted to each conservator compartment. These shall provide a scaled visual indication of oil level and shall be tilted toward the ground so that it is possible to read them from ground level. The scale shall show, in horizontal lettering, MIN, the base temperature and MAX, arranged in a sector of about 140°, implemented according to the manufacturer’s recommendations, to be easily visible from the ground level. 
Oil level indicators shall be provided with separate sensor and indicating units and magnetic type contacts. A minimum of two adjustable contacts shall be provided (the 1st with the action for «Alarm»; the 2- with the action for «Trip»). 
f. A maintenance-free dehydrating breather shall be provided for each conservator compartment.
g. All dial-type gauges of the temperature indicator shall be installed in a cabinet and be visible without need to open the door of the cabinet and shall be mounted on the transformer and shall be easily accessible and readable.
h. All sensors and relays built in the transformer and used in protection and signalling circuits shall have 2 (two) independent dry contacts, configured so as to actuate the main and redundant sets of transformer protections independently. It is not required to design repeating relays in cabinets near the transformer for multiplication of signals (alarms) used in the relay protection and automatic circuits.  

All monitoring equipment positioned outside the cabinet(s) shall be of protection degree IP 55 and shall be completely made of corrosion free material. Sight glasses of thermometers and oil level indicators as well as those of oil flow indicators (if any) shall be of sand-storm proof laminated and UV-stabilized safety glass. 
Electric connections of equipment arranged outside the cabinet(s) shall be through a terminal box made of anti-corrosion-material, thoroughly painted, providing a protection degree of IP 55. Cable glands shall be arranged in a way that rainwater drains off and does not stay on sealing, cable glands are to be installed in downward direction. A connection diagram shall be displayed in the interior of the terminal box. Terminals shall be suitable to receive crimped flexible conductors with a cross-section at least up to 2.5 mm². 
All cable connections shall be of highly flexible screened stranded copper and shall have crimped terminations. The minimum cross section of the wiring for power circuits shall be 2.5 mm², and that for control circuits and step position transmitters shall be at least 1.5 mm². 
Control cables shall be supported by cable trestles, cable trays, tubes or similar steelwork particularly provided for fixing of the cables. No direct fixture to transformer/ shunt reactor tank or other equipment/ devices will be accepted. 
4.13 Control and Monitoring 
The control and monitoring devices shall be equipped with the necessary auxiliary contacts and transmitters for remote supervisory control and monitoring through a SCADA system via the open international protocols (SCADA will be supplied under other project).  The Supplier shall provide all necessary information to allow the design and implementation of the SCADA interfaces. 
Supplier shall submit particular list of data exchange protocols (IEC 61850 and other), supported by transformer monitoring system for data transmission to SCADA.
If protection, measuring and indicating equipment data includes time stamp, Supplier shall indicate the time synchronization protocol supported by this equipment (PTP v2 (Precision Time Protocol IEEE 1588 2008) or another). 
4.14 Transformer Monitoring 

Facilities for future installation of condition monitoring equipment shall be provided.
Monitoring may be implemented for the following parameters: 
· composition of dissolved gas in oil; 
· oil moisture content; 
· oil upper- and lower-layers temperature; 
· oil circulation availability; 
· oil level in conservators; 
· HV bushings insulation state (dielectric loss tangent, capacitance). 
4.15 Parallel Operation and Voltage Regulation 
The transformers shall be able to be operated in parallel with the existing transformers at each site.
4.16 Local Control Cubicles, Cables and Earthing 
All signals of the protection equipment mounted on the transformers (as gas protection relays, thermal alarms, oil level indicators etc.) shall be wired to a common terminal strip in a local control cubicle together with all signals from the tap changer control cubicle. 
The internal arrangement of the cabinet shall keep the various circuits clearly separate from each other, permitting easy and safe independent maintenance and repair of each item without disturbing the others. 
LED lighting fixtures of standard commercial size together with door contacts as well as a manual control switch shall be provided for internal illumination.
Electrical connections between sensors, current transformers, and all other accessories and the local control cabinet shall be enclosed in perforated metal raceways or conduits of ample size securely fastened to the transformer tank to prevent mechanical damage or vibrations. 
All signals of the monitoring and protection equipment mounted on the transformers (as Buchholz relays, thermal alarms, oil level indicators etc.) shall be wired to a common terminal strip in a local control cubicle together with all signals from the tap changer control cubicle. 
All control cubicles shall have protection class IP 55 and shall be vermin and insect-proof with sufficient ventilation and equipped with humidity-controlled heating as well as one socket outlet 230 V AC, 16 A. 
All cables routed to the transformer, through flanges or to equipment / devices connected to the transformer must be enclosed by stainless steel tubes or flexible stainless steel hoses (sleeves) to protect against mechanical damage. 
All cubicles and equipment/devices attached to the transformer shall be earthed via copper braid screwed directly to the cubicle/equipment/devices and to the transformer. 
All flange couplings shall be electrically bridged by copper braid, screwed on both sides of the flange. 
All earthing and earthing connections which can potentially carry fault current shall be dimensioned for the maximum rated short circuit at the respective substation and voltage level. 
All screws shall be self-locking screws. All screws and clamps shall be made of corrosion free metal (stainless steel). 
4.17 Bushings
Air Bushings 
The bushings shall be outdoor type designed for a pollution level as specified in the technical requirement in accordance with IEC 60815. They shall comply with the requirements of IEC 60137. 
All bushings shall be of the same insulation level (with rated voltage corresponding to Um) as the related windings and/or neutral. Each of the bushings shall be designed for such a rated normal current as to cover all loading conditions of the transformers as specified in IEC 60076-7 without any restriction and a rated short-time current consistent with the substation. The HV bushings should be provided with test tappings to enable insulation monitoring devices to be connected. 
The insulators shall be of top-quality electrical grade porcelain (or silicon), homogenous and non-porous, and shall be in one piece. 

Bushings for high voltage power windings up to 330kV shall be of the resin impregnated paper (RIP) type.
Secondary winding bushings will be installed on the longitudinal axis opposite one another. Tertiary winding bushings will be fitted on the transversal axis. 
All bushing-connecting nuts, bolts, washers, rings, caps on the top shall be of non-magnetic material. All bushings shall be designed for operation in vertical position.  Their storage in a horizontal position shall comply with the manufacturer’s instructions.
The bushings shall be arranged on the tank cover in such a manner, that removal of the same is possible without lowering of the oil to such a level where the windings are exposed to the atmosphere. 
Bushing turrets with removable flanged covers on the bushing side shall be provided for all bushings. Removable bushing turrets shall be provided with four adequate lifting lugs each. 
4.18 Delta Winding 
Three-Phase Autotransformer 

A delta winding shall be equipped with bushings and connected for the supply of the MV switchgear/auxiliary power supply. 
4.19 Noise Limits 
The maximum allowable sound power level (all forced cooling in operation) is 70 dB(A). 
The determination of the sound power and the measurement methods for the various part of the autotransformer shall be in accordance with IEC 60076-10 and will be verified by the relevant test. 
The transformers shall be so designed and constructed that harmful vibrations are eliminated and that no avoidable noise will occur at any operating conditions.
It shall be permissible to use pads of suitable damping material between the active part of the transformer and the tank bottom and between the transformer or any part of the cooling system and their mountings to limit the noise level.  The pad material shall not have any effects on the oil quality during the entire service life of the transformer.
4.20 Guaranteed Transformer Losses and Compliance with the Ecodesign Guideline 
The Guaranteed losses for the transformers shall be declared in the Technical Schedules. 
Note: 
Guaranteed No-Load Losses shall be the maximum no load loss at rated voltage and frequency at the principal tap position. Guaranteed Load Losses shall be the load losses at a top oil temperature rise of 60 K or 60°C, rated voltage and frequency, rated tap position and respective OFAF, ONAF power rating. 
The transformers shall be in compliance with Regulation (EU) 548/2014 on ecodesign requirements for power transformers and Regulation (EU) 2019/1783 on ecodesign requirements for small, medium and large power transformers. 
As stated for power transformers > 3,150 kVA within this guideline, the PEI (Minimum Peak Efficiency Index) shall be in accordance with “Tier 2 (July 1, 2021)”:
	Transformer Type
	PEI (minimum)

	Autotransformers 200-250 MVA
	99.797 %


4.21 Transport 
The entire planning and execution of the transportation from factory to site, including the receipt of all necessary approvals according to Ukrainian legislation, other local legislation and international standards shall be borne by the Supplier. 
In order to facilitate handling and shipping, external accessories shall be removed if necessary and replaced with special shipping covers. Bushing, radiators, and other accessories, which may be affected by moisture, shall be moisture-proof packed in seaworthy packing. Packing material, including oil drums, will not be returned. 
Impact Recorders 
Electronic transport monitors (impact recorders with electronic data storage), capable of indicating all horizontal and vertical impacts, shall be rigidly attached to each transformer. Two impact recorders shall be provided for each transformer transportation unit. 
Provision shall be made to ensure that these indicators are sealed, that they will be completely functional without interruption of indicated records during the entire period of shipment, including loading and unloading, and to ensure that the Purchaser will receive clearly indicated data by breaking the seal. Instructions for interpretation of the recorded data and a user manual for the equipment shall be provided prior to shipment. 
4.22 Guaranteed values
The Supplier shall strictly adhere to the guaranteed values specified in the Technical Data Sheets for the equipment. 
4.22.1 Rejection 
The Purchaser shall have the right to reject any transformer if the actual values are in excess of the guaranteed values by more than the margins specified hereunder (including the tolerances): 
· No-load losses 


+ 15% 
· Load losses (forced cooling) 
+ 15% 
· Total losses 


+ 10% 
· Noise level 


+ 3 dB (A) 
· Temperature rise limit 

+ 0 K 
For all of the other values the margins stated in IEC 60076 standards are applicable, unless specified otherwise elsewhere in these Specifications. 
The values for all insulation and test levels shall be obtained from the description of the general technical requirements of these Specifications. 
5 MANUFACTURING, INSPECTION AND TESTING 
5.1 Manufacturing
Workmanship shall be of the highest quality and shall conform to the best modern practices for the manufacture of high technology machinery.
The Supplier shall demonstrate that the transformers shall be designed and manufactured with due regard to overcome known previous problems of manufacturing and latent defects, electrical insulation, performance under transient and switching surge conditions, moisture and vibration problems. The transformers shall be suitably designed for the proposed conditions at the site and in compliance with engineering solutions agreed with the Purchaser.
The units shall be manufactured in accordance with the relevant standards.
5.2 Witnessing
The Purchaser reserves the right to witness key stages of the equipment manufacture and the Supplier shall provide a program and suitable notice for witnessing of the following:
· Winding complete;
· Core stacked;
· Pre tanking inspection;
· Marshalling kiosk functionality; and
· Electrical tests.
The Supplier shall inform the Purchaser of the detailed program about the tests at least three (3) weeks in advance in case of domestic supplies & six (6) weeks in advance in case of foreign supplies. 
5.3 Transformer Inspection and Testing 
All tests shall be performed in accordance with the latest IEC Standards.
5.4 Factory testing and factory test reports 
Factory built structures and equipment shall be fully assembled, adjusted and tested at the manufacturer’s factory. 
Transformers supplied shall undergo hand-over and acceptance tests as per Chapter 1.8 "Hand-over and acceptance testing standards" of chapter 1 "General rules" of the Electric installation code. Testing of imported equipment shall be governed by the manufacturer's instructions and requirements of the Electric installation code, if the latter does not contradict the instructions.
All tests of transformer equipment shall be performed in accordance with IEC 60076 in the presence of the Purchaser ‘s representatives and all the costs shall be borne by the Supplier.
In case the Purchaser cannot attend the FAT, the Supplier shall ensure photo and video recording of all stages of the tests and provide corresponding materials together with the type test reports.  

All equipment being supplied shall fully conform to the type tests and routine tests as per technical specifications/standards. In addition to the routine tests as per the applicable standards, the following factory tests are mandatory: 
1. Testing of auxiliary and control circuits; 
2. Resistance measurements for all the main circuits
3. Protection degree check; 
4. Tightness test; 
5. Mounting diagram check; 
6. Performance check. 
The type tests shall be carried out by accredited laboratories. The accreditation shall be carried out by an independent organization according to the ISO / IEC 17025. This accreditation certificate shall be included with the offer. 
Table 6.1: Transformer Test Requirements 

	 No
	Test
	IEC Clause 
	Required 
	Additional Requirements 


	1
	Routine Tests
	IEC 60076 
sub-clause 11.1.2
	Yes
	· Measurement of short-circuit impedance and load loss as per IEC 60076 sub-clause 11.4, the measurement shall be performed at all tapping positions. 
· Measurement of no-load losses and current as per IEC 60076 sub-clause 11.5, the range shall be from 90% to minimum 120% of rated voltage and/ or vice versa in 5% intervals. The highest test voltage of 120% shall be held at this level for at least 15 (fifteen) minutes. A respective magnetising current curve from 90% to approx. 125% shall be added to the test report.
· All dielectric tests shall be performed in accordance with IEC 60076-3 table 1, including all routine, type and special tests (as applicable).
· Measurement of the insulation resistance (R60) between the core and the tank with 2500 V DC Insulation Tester.
· Measurement of dissipation factor as per IEC 60076-1, sub-clause 11.1.2.2 c) - tan delta value at 20°C shall be less than 0.5%. 

	2
	Type Tests
	IEC 60076 
subclause 11.1.3 
a) up to e)
	Yes
	· Temperature-rise type test as per IEC 60076-2, In case of measurements of top oil temperatures taken in pockets, the final top oil temperature shall be corrected by +2 °C. The bottom oil temperature shall be measured at least at two points placed either directly into return headers or at return headers of cooling equipment. Measurements on radiator and/ or tank walls are not acceptable. Location of all measuring points, including those for measurements of ambient air temperature, is subject to approval by the Purchaser. The oil used during type tests shall have the same or higher kinematic viscosity as the final oil used at site for operation. For auto-transformers, thermo-visual infra-red measurements shall be performed.

	3
	Special Test
	IEC 60076 
subclause 11.1.4 
a) up to e) 
h) up to j)
l) up to n)
	Yes
	· Requirement of special test for each type of transformer or each unit of transformer shall be agreed with Purchaser. 
· Vacuum deflection test as per IEC 60076-1 sub-clause 11.9, applicable for tank and all other oil filled compartments (150 Pa to be applied for at least 5 hours) 
· Pressure deflection test as per IEC 60076-1 sub-clause 11.10, applicable for tank and all other oil filled compartments (at min. 100 kPa) measured on tank bottom for at least 24 hours 
· Measurement of Frequency Response (SFRA-test) as per IEC 60076-18, swept frequency shall be used in a range of 10 Hz to 20 MHz. This test is to provide base line readings of the windings in as-new condition. The test shall be performed after successful completion of all dielectric tests and shall be repeated at site. The maximum permissible deviation between twin and sister transformers shall be for each of the measurements in the ranges A to D according to IEC 60076-18, figure B6 as given in the following table
Frequency ranges [dB]
A
0 … 2 kHz
B
2 kHz … 20 kHz
C
20 kHz … 2 MHz
D
> 2 MHz
Twin transformers
7
7
7
7
Sister transformers
9
9
9



Additional test requirements to be performed are listed in the following: 
· Measurement of the harmonic content of no-load current at 90%, 100%, 110% and 120% of rated voltage at rated frequency (after no-load test). 
· Calibration and current injection test on hot spot indicators based on results of heat run test. 
· Applied over-voltage test at 2000 V AC, 60 sec. on wiring, control and supervisory equipment (1000 V AC plus 2 x Un on motors as per IEC 60034-1).
The reports for all type tests and additional type tests as per technical specification shall be furnished by the Supplier along with equipment/material drawings. 
The Supplier has to ensure conformity of test reports, certificates and other necessary documents, supplied together with the equipment, to the requirements of Ukraine’s applicable regulations. 
In the event of any discrepancy in the test reports i.e. any test report not acceptable due to any design/ manufacturing changes (including substitution of components) or due to non-compliance with the requirement stipulated in the Technical Specification or any/all additional type tests not carried out, same test shall be carried out without any additional cost implication to the Purchaser. 
The Supplier shall provide any special equipment and tools required for carry out operating tests in the future. 
The Supplier shall bear all expenses related to the performance of factory acceptance tests (FAT). 
The Purchaser may choose to participate in the FAT tests for the equipment supplied under this contract. The Purchaser shall cover his own travel, accommodation and subsistence expenses for such attendance.
5.5 Transformer inspection and Testing at the delivery site 

The Supplier shall ensure the presence of manufacturer’s representatives during the loading, unloading, warehousing in the territory of the respective substations. Presence of a representative of the manufacturer is necessary for the execution of respective documentary papers (acts, protocols) as regards to integrity and completeness of equipment after shipment, availability of accompanying documents according to the Table of Technical Specifications, henceforth necessary for the execution of warranty obligations during equipment installation supervision under another contract. 
The following tests shall be performed following installation on the service plinth: 
Note:
These tests shall be undertaken in cooperation with the Installation Contractor and under the supervision of the Suppliers Chef de Montage.  The Supplier shall confirm that all tests are completed to their satisfaction.
· Visual checks 
· Measurement of the excitation current with low voltage (AC, 3-phase) when the transformer is completely de-magnetised 
· Measuring of d.c. insulation resistance between each winding to earth and between windings as per IEC 60076-1 subclause 11.1.2.2 (b) 
· Measurement of dissolved gasses in dielectric liquid from each separate oil compartment except switch compartment, IEC 60076-1 subclause 11.1.2.2 (d) 
· Measurement of winding resistance at all the tap positions as per IEC 60076-1 subclause 11.2, 
· Measurement of voltage ratio at all tap positions and check of vector group by voltmeter method as per IEC 60076-1 subclause 11.3 
· Functional tests on OLTC equipment as per IEC 60076-1 subclause 11.7 
· Oil tightness test on tank assembled with radiators with a pressure of 30 kPa above normal oil pressure, 24 hours as per IEC 60076-1 subclause 11.8 
· Check of core and frame insulation at 2500 V DC, 1 min, as per IEC 60076-1 subclause 11.12 
· Measurement of Frequency Response (SFRA-test), as per IEC 60076-18, swept frequency shall be used in a range of 10 Hz to 20 MHz. This test is to compare with the results recorded at factory before transportation. Therefore, the transformer shall be in the same condition as during base line readings (same bushings, same oil filling,etc). 
· The maximum permissible deviation performed on one particular transformer shall be for each of the measurements in the ranges A to D according to IEC 60076-18 figure B6 as given in the following table: 
	
	Frequency range [dB]

	
	A
0 … 2 kHz
	B
2 kHz … 20 kHz
	C
20 kHz … 2 MHz
	D
> 2 MHz

	Permissible deviation
	7
	7
	7
	9


Permissible deviations within frequency ranges according to IEC 60076-18 figure B6. If the above values exceed the permitted values, transformer shall be repaired and fully retested. 
· Determination of the breakdown voltage of insulation liquid at power frequency, IEC 60156
· Measurement of the insulation resistances on auxiliary wiring at 1000 V DC 
· Re calibration and current injection test on winding temperature indicators (45 min) 
· Functional test on cooling plant, including check of rotation direction of motors 
· Functional tests on control and supervisory equipment
6 DOCUMENTS 
The Supplier shall submit 4 (four) sets of drawings/ design documents /data/ test reports as may be required for the approval of the Purchaser. 
Following approval by the Purchaser, the Supplier shall provide the Purchaser with manuals and installation instructions, operating and maintenance manuals in English and translation into Ukrainian– 1 copy, including: 
· detailed description of each device (one copy per each complete set of autotransformers or transformers); 
· operating manual (one copy per each complete set of autotransformers or transformers); 
· maintenance manual (one copy per each complete set of autotransformers or transformers); 
· equipment testing reports (for every unit of equipment); 
· statement for completion (for each unit of equipment); 
· control structural diagrams (one complete set of diagrams per each complete set of autotransformers or transformers); 
· wiring diagrams (one complete set of diagrams each per every complete set of autotransformers or transformers).
Additionally, one copy of the diagrams should be submitted in English. Wiring diagrams can be larger than a standard A3 format, if it is necessary for ease of use. 
The list of drawings/documents which are to be submitted to the Purchaser shall be discussed and finalized by the Purchaser at the time of contract negotiations. The Supplier shall necessarily submit all the drawings/ documents unless anything is waived. 
All drawings submitted by the Supplier shall be in sufficient detail to indicate the type, size, arrangement, material description, Bill of Materials, weight of each component, break-up for packing and shipment, dimensions, internal & the external connections, fixing arrangement required and any other information specifically requested in the specifications. 
Each drawing submitted by the Supplier shall be clearly marked with the name of the Purchaser, the unit designation, the specifications title, the specification number and the name of the Project. If standard catalogue pages are submitted, the applicable items shall be indicated therein. All the dimensions should be in metric units. 
All manufacturing and fabrication work in connection with the equipment prior to the approval of the drawings shall be at the Supplier’s risk. The Supplier may make any changes in the design, which are necessary to make the equipment conform to the provisions and intent of the Contract, and such changes will again be subject to approval by the Purchaser. Approval of Supplier’s drawing by the Purchaser shall not relieve the Supplier of any of his responsibilities and liabilities under the Contract.
7  List of Goods and Delivery Schedule
	№
	Description
	Unit
	Quantity
	Place of destination
	Manufacturing Completion Date, days after the contract signing
	Time for Delivery, days after the contract signing

	1
	Autotransformer 330/150/35kV, 250 MVA (three-phase) in accordance with the Table of Technical Requirements
	pcs.
	5
	Kirovohradska oblast - 2 pcs.
Dnipropetrovska oblast - 3 pcs.
	TBD
	TBD

	2
	Autotransformer 330/220/35kV, 250 MVA (three-phase) in accordance with the Table of Technical Requirements
	pcs.
	2
	Lvivska oblast
	TBD
	TBD

	3
	Autotransformer 330/150/10kV, 250 MVA (three-phase) in accordance with the Table of Technical Requirements
	pcs.
	1
	Poltavska oblast
	TBD
	TBD

	4
	Autotransformer 330/110/10kV, 200 MVA (three-phase) in accordance with the Table of Technical Requirements
	pcs.
	2
	Kyivska oblast - 1 pcs.
Zhytomyrska oblast - 1 pcs.
	TBD
	TBD

	5
	Autotransformer 330/110/6kV, 200 MVA (three-phase) in accordance with the Table of Technical Requirements
	pcs.
	2
	Kharkivska oblast
	TBD
	TBD


Annex 1 Technical Requirements 
See separate file (attachment) for transformer technical schedules/requirements. 
The parameters required by the Purchaser, are given in the "Table of technical requirement". List of technical schedules:
· Technical Schedule - AT 330_150_35kV_250 MVA
· Technical Schedule - AT 330_220_35kV_250 MVA
· Technical Schedule - AT 330_150_10kV_250 MVA
· Technical Schedule - AT 330_110_10kV_200 MVA
· Technical Schedule - AT 330_110_6kV_200 MVA
Technical Specification  – AT 330/110/6 kV 200MVA.
	No
	Technical Data
	Unit
	Required by the Purchaser
	Guaranteed by the Supplier

	1. 
	Technical Data in conformity with the requirements of the standard
	
	IEC, DSTU EN, DSTU IEC standards
	

	2. 
	Manufacturers designation
	
	*
	

	3. 
	Manufacturer and Country of Origin of the transformer
	
	*
	

	4. 
	Transformer type
	
	three-phase autotransformer, oil-filled, with ONAF cooling, three-winding, with OLTC, 200000 kVA rated power and voltage classes HV-MV – 330/110 kV, for moderate climate region, outdoor installation
	

	5. 
	Rated Voltage
	kV
	330/115/6.6
	

	6. 
	System Nominal Voltage
	kV
	330/110/6
	

	7. 
	Climatic Version and Location Category in conformity with GOST 15150-69
	
	U1 (for the region with moderate climate, to be outdoor located)
	

	8. 
	Maximum Installation Altitude, m
	m
	Up to 1000
	

	9. 
	Area's Seismic Stability, not less, DSTU B V.1.1-28:2010
	Points
	7
	

	
	Rated Parameters and Technical Data
	
	
	

	10. 
	Rated Winding Voltage
	HV
	kV
	330
	

	11. 
	
	MV
	kV
	115
	

	12. 
	
	LV
	kV
	6.6
	

	13. 
	Highest Voltage for Equipment (according to Ukrenergo Standard, GOST 1516.3-96)
	HV
	kV
	363
	

	14. 
	
	MV
	kV
	126
	

	15. 
	
	LV
	kV
	7.2
	

	16. 
	Rated Power 
	MVА
	200
	

	17. 
	Rated Power of LV winding
	MVА
	80
	

	18. 
	Rated Frequency
	Hz
	50
	

	19. 
	Winding Connection Diagram & Group
	
	YNa0d11
	

	20. 
	Full Wave Lightning Impulse (LI) 330 kV winding 
	kV
	950
	

	21. 
	Full Wave Lightning Impulse (LI) 110 kV winding
	kV 
	480
	

	22. 
	Full Wave Lightning Impulse (LI) 6 kV winding
	kV 
	60
	

	23. 
	Chopped Wave Lightning Impulse (LIC) 330 kV winding
	kV 
	1050
	

	24. 
	Chopped Wave Lightning Impulse (LIC) 110 kV winding
	kV 
	550
	

	25. 
	Chopped Wave Lightning Impulse (LIC) 6 kV winding
	kV 
	70
	

	26. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 330 kV winding
	kV 
	395/525
	

	27. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 110 kV winding
	kV 
	200
	

	28. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 6 kV winding
	KV
	25
	

	29. 
	Neutral mode
	
	solid earthing
	

	30. 
	Short-Circuit Voltage on main tap position, %
· HV-MV
· HV-LV
· MV-LV
	%
	10,5 (tolerance ±10%)
38 (tolerance ±15%)
25 (tolerance ±15%)
	

	31. 
	No-load Current (max)
	%
	0.45
(tolerance +30% as per IEC 60076-1)
	

	32. 
	No load Losses at Rated Voltage, (max.)
	kW
	85
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	33. 
	Load losses at rated power in HV-MV mode at middle tap-changer position, (max.)
	kW
	410
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	34. 
	Load losses at rated power in MV-LV mode at middle tap-changer position, (max.)
	kW
	210 (tolerance +15%)
	

	35. 
	Load losses at rated power in HV-LV mode at middle tap-changer position, (max.)
	kW
	220 (tolerance +15%)
	

	
	Design Requirements
	
	
	

	36. 
	The Transformer is to be Manufactured:
·  with Cable Leads-in; 
·  with Bushings; 
·  for Connection to SF6 Equipment
	
	With Bushings
	

	37. 
	Transformer Oil according to Table 4 - SOU-N EE 43-101: 2009 (as amended by 13.02.2018), availability of certificate (passport, protocol)
	
	Yes
	

	38. 
	Oil Preservation System
	
	Elastic membranes
air-bag type
	

	39. 
	Inner insulation of the transformer: Check of core and frame insulation.
In accordance to IEC 60076-1. Earthing connection point to be brought outside
	
	Yes
	

	40. 
	The transformer shall be equipped with fittings /  for technological systems’ signals  and sensors,  to allow for connection of the condition monitoring system in the future
Transformer shall be provided with HV bushing insulation monitoring device to monitor the insulation condition at the operating voltage
	
	Yes
Yes

	

	41. 
	Pressure Relief Valve (With contacts for actuation signalling)
	
	Yes
	

	42. 
	Cooler Bank Shut-off valves.
Inlet and outlet valves, each with separate contacts to provide remote signalling of open/close position and with a visual position indicator.
	
	Yes
	

	43. 
	Gas relay (main tank)
Installed on the pipe between the main tank / tap changer and the conservator ascending towards the conservator by 0° to 5°
Two-float design, with separate contacts providing ‘alarm’ and ‘trip’ settings.
Provision to be made for gas extraction at ground level.  
	
	Yes
	

	44. 
	Silica Gel
	
	Yes
	

	45. 
	Maintenance-free dehydrating breather
	
	Yes
	

	46. 
	Oil level indicator on conservator.
Dial type with visual scale, providing an analogue output for remote monitoring 
	
	Yes
	

	47. 
	Winding temperature indicator with contacts for cooler control and alarm/trip functions.
	
	Yes
	

	48. 
	Painting colour
	
	Light-grey (RAL 7038)
	

	49. 
	Cabinets (control, signalling, terminals) arrangement
	
	Free standing
	

	50. 
	Stainless steel conduit along the transformer tank to protect the control cables laid from the monitoring, signalling, protection devices, leads-in, the current transformers to the terminal’s cabinets, against mechanical damage and solar radiation
	
	Yes
	

	
	Bushings
	
	
	

	51. 
	Bushing Insulation level in accordance to IEC Standards (60076-3, 60137).
Insulation level according to Table 3, IEC 60137 for Highest Voltage for Equipment (Um) below:
HV – 362 kV (Um)
MV – 123 (Um), 
LV – 7.2 kV (Um)
	
	Internal insulation - Solid (RIP), external insulation – porcelain or silicon
Pollution severity class acc. IEC/TS 60815- 1:2008 – d (heavy pollution)
	

	52. 
	Specific Creepage Distance of Bushing External Insulation, (USCD) not less than:
	cm/kV

	4.33

	

	53. 
	Completing the leads-in with the clamps for busbar connection
	
	Yes
	

	54. 
	Rated Current for 
· Primary winding bushing
· Secondary primary bushing
· Tertiary winding bushing
	A
	*
*
*
	

	55. 
	Allowable mechanical loads on to the bushings, at least:
- 330kV

- 110kV
- 6kV


	N
	 (Cantilever load testing according IEC 60137)
2500
 2000
*

	

	56. 
	HV bushing insulation monitoring
Outdoor cabinet for bushing insulation monitoring, complete set
	
	Yes
Yes
	

	
	Built-in Current Transformers:
	
	
	

	57. 
	CT final Technical Data are to be clarified at the stage of the equipment purchasing by the Supplier
	
	Yes
	

	58. 
	At 330 kV HV Bushing:
	
	
	

	59. 
	Primary Current
	A
	1000*-750-600-400
	

	60. 
	Secondary Current
	A
	1
	

	61. 
	Rated Burden, V ∙ A
	
	30
	

	
	The number of secondary windings, pcs.
	
	4+1(ф.А)
	

	62. 
	Accuracy Class
	
	0,2S+0,2S/10Р/10Р/10Р
	

	63. 
	At 110 kV MV Bushing:
	
	
	

	64. 
	Primary Current
	A
	2000– 1500– 1000-750
	

	65. 
	Secondary Current
	A
	1
	

	66. 
	Rated Burden
	V ∙ A
	30
	

	67. 
	The number of secondary windings, pcs.
	
	4
	

	68. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	69. 
	At 6 kV LV Bushing:
	
	
	

	70. 
	Primary Current
	A
	3000– 2000–1500- 1000(*)
	

	71. 
	Secondary Current
	A
	5
	

	72. 
	Rated Burden
	V.A
	30
	

	73. 
	The number of secondary windings, pcs.
	
	4
	

	74. 
	Accuracy Class
	
	0,5S/10Р/10Р/10Р
	

	75. 
	At HV Neutral Terminal:
	
	
	

	76. 
	Primary Current
	A
	1000– 750– 600– 400(*)
	

	77. 
	Secondary Current
	A
	5 (*)
	

	78. 
	Rated Burden
	V.A
	30 (*)
	

	79. 
	The number of secondary windings, pcs.
	
	4 (*)
	

	80. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	
	Cooling System
	
	
	

	81. 
	Cooling System Type
	
	Combined 
ONAN/ONAF1/ONAF2
	

	82. 
	The Cooling system automatics cabinet:
· Automatic maintain the temperature inside the cabinet for normal operation in conformity with climatic manufacture version of the transformer equipment. 
· The cabinet protection degree not less than ІР55;
· Current protection of the fan’s electric motors.
	
	Yes
Yes
Yes
	

	83. 
	The cooling system fans service life, not less than:
	Years
	30
	

	84. 
	Coolers Arrangement
	
	Mounted on the Tank
	

	85. 
	Cooling Devices (Radiators) Design 
	
	Plated
	

	86. 
	Automatic Control in Cooling Systems
	
	Yes
	

	87. 
	Combined electrical power of all cooling fans
	kW
	*
	

	88. 
	Rated supply voltage for cooling system 
	V
	~400, 50Hz
	

	
	Voltage Control Device
	
	
	

	89. 
	Manufacturer
	
	*
	

	90. 
	Type of OLTC
	
	Vacuum diverter switch
	

	91. 
	Rated through current
	A
	*
	

	92. 
	Rated step capacity
	kVA
	*
	

	93. 
	Capability of 3-type control: 
· local – from the drive key (buttons); 
· remote –from the control board; 
· automatic – from the automatic control unit
· local – using a manually-operated switch of tap-changer position
	
	Yes 
	


	94. 
	 Tap Changer range & (number of steps)
	
	 115±6х2% of Umv
	

	95. 
	Way of control and Tapping Winding 
	
	 OLTC on the MV line
	

	96. 
	Supply of OLTC control microprocessor-based device
	
	Yes
	

	97. 
	Requirements to OLTC:
· Mechanical endurance of OLTC with no electric load, quantity of switching-over, at least;
· Electrical endurance of contacts of the OLTC contactors, commutating the switching-over current, at least;
· OLTC switch vacuum compartment monitoring system 
· Technical support (servicing) in Ukraine
	
	500 000
300 000
Yes
Yes
	

	98. 
	OLTC: number of operations until exchange of diverter switch unit
	
	minimum 1.2 million
	

	99. 
	Requirements to the OLTC drive:
· provision of two transformers parallel operation; 
· signalling in case of edge positions; 
· availability of remote signalling position transducer;
· discrete signalling of the OLTC each position;
· inhibition for switching-over at low temperatures;
· OLTC actuation quantity meter; 
· availability of heaters of the drive; 
· signalling of the heaters state; 
· mechanical indicator of the OLTC position on the cabinet of the drive; 
· possibility of connection to PACS in future
· outdoor cabinet of the OLTC remote control at the AIS, set;
· OLTC single drive for three phases;
· Mechanical indicator of the OLTC position in the drive, clearly identified and accessible for reading by operating personnel;
· Operation in the following modes: local control, remote control and automatic control;
· Capability of local manual mechanical operation, with override of electrical control;
· Ensuring of safe completion of switching operation in the event of loss of control current.
	
	Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
	

	100. 
	Voltage of OLTC Power Supply
· Electric Motors
· Control Circuits
· Signalling Circuits
	V ac
V ac
V dc
	~400, 50 Hz (3phases+N)
~230, 50 Hz (1phase+N)
=220
	

	
	Reliability Requirements
	
	
	

	101. 
	Mean-Time-Between-Failures, not less
	Hours
	25000
	

	102. 
	Operation Service Life, not less
	Years
	30
	

	103. 
	Guarantee time period: 
Warranty period for the entire supplied equipment shall be
· from the date of commissioning, or
· from the date of its receipt at the Employer’s storage location
Whichever  comes first
	Years
	5
5,5
	

	
	Transportation
	
	
	

	104. 
	· Movement on site should be possible on rails
· Fully assembled of transformer during movement to service plinth
	
	Yes
No
	

	105. 
	Transformer movement
	
	longitudinal transverse
	

	106. 
	Form of rollers
	
	With ribs
	

	107. 
	Width of rail as per GOST 11677-85:
· longitudinal movement; 
· transverse movement
	mm
	1524
2000
	

	108. 
	«Impact-indicators» on the transportation packing for movement conditions monitoring within the supply time period
	
	Yes
	

	
	Complete set, supply support
	
	
	

	109. 
	· Complete set of air-drying system; 
· The cooling system automatics cabinet in complete set; 
· The control cables complete set with protection for the cables to be laid along the tank; 
· Nitrogen gas in the amount required during temporary storage at site and for replenish  
· Spares in conformity with the Supply Complete Set Data Sheet, set
Transformer oil:
· In the amount required for complete filling-in;
· For process operations and replenishing during installation works
	
	Yes
Yes
Yes
Yes
Yes
Yes
10% of the amount of complete filling-in
	

	110. 
	Delivery 
- with no oil, it has to be filled with nitrogen gas during the transportation (the complete set includes the transformer oil in the amount, required for filling-in, process operations during the erection and oil additional filling-in up to the operation oil level).
	
	Yes
	

	111. 
	Technical support of supply (acceptance of the state and complete set together with the Manufacturer and the Supplier, installation supervision)
	
	Yes
	

	
	Documentation to be submitted at the supply
	
	
	

	112. 
	Complete Set Data Sheet
	
	Yes
	

	113. 
	Quality Certificate
	
	Yes
	

	114. 
	Origin Certificate
	
	Yes
	

	115. 
	Certificates for transformers and completing parts (products) of the system
	
	Yes
	

	116. 
	Technical Description and Operation Manuals or Operation Guidelines (which include the planned repair documentation) for the transformer, completing parts and systems
	
	Yes
	

	117. 
	Control diagrams of the Cooling Systems and OLTC
	
	Yes
	

	118. 
	Transfer-Acceptance Tests Protocols (Certificates)
	
	Yes
	


* to be determined by the transformer manufacturer  
Technical Specification  – AT 330/110/10 kV 200MVA.
	No
	Technical Data
	Unit
	Required by the Purchaser
	Guaranteed by the Supplier

	119. 
	Technical Data in conformity with the requirements of the standard
	
	IEC, DSTU EN, DSTU IEC standards
	

	120. 
	Manufacturers designation
	
	*
	

	121. 
	Manufacturer and Country of Origin of the transformer
	
	*
	

	122. 
	Transformer type
	
	three-phase autotransformer, oil-filled, with ONAF cooling, three-winding, with OLTC, 200000 kVA rated power and voltage classes HV-MV – 330/110 kV, for moderate climate region, outdoor installation
	

	123. 
	Rated Voltage
	kV
	330/115/10.5
	

	124. 
	System Nominal Voltage
	kV
	330/110/10
	

	125. 
	Climatic Version and Location Category in conformity with GOST 15150-69
	
	U1 (for the region with moderate climate, to be outdoor located)
	

	126. 
	Maximum Installation Altitude, m
	m
	Up to 1000
	

	127. 
	Area's Seismic Stability, not less, DSTU B V.1.1-28:2010
	Points
	7
	

	
	Rated Parameters and Technical Data
	
	
	

	128. 
	Rated Winding Voltage
	HV
	kV
	330
	

	129. 
	
	MV
	kV
	115
	

	130. 
	
	LV
	kV
	10,5
	

	131. 
	Highest Voltage for Equipment (according to Ukrenergo Standard, GOST 1516.3-96)
	HV
	kV
	363
	

	132. 
	
	MV
	kV
	126
	

	133. 
	
	LV
	kV
	12
	

	134. 
	Rated Power 
	MVА
	200
	

	135. 
	Rated Power of LV winding
	MVА
	80
	

	136. 
	Rated Frequency
	Hz
	50
	

	137. 
	Winding Connection Diagram & Group
	
	YNa0d11
	

	138. 
	Full Wave Lightning Impulse (LI) 330 kV winding 
	kV
	950
	

	139. 
	Full Wave Lightning Impulse (LI) 110 kV winding
	kV 
	480
	

	140. 
	Full Wave Lightning Impulse (LI) 10 kV winding
	kV 
	75
	

	141. 
	Chopped Wave Lightning Impulse (LIC) 330 kV winding
	kV 
	1050
	

	142. 
	Chopped Wave Lightning Impulse (LIC) 110 kV winding
	kV 
	550
	

	143. 
	Chopped Wave Lightning Impulse (LIC) 10 kV winding
	kV 
	90
	

	144. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 330 kV winding
	kV 
	395/525
	

	145. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 110 kV winding
	kV 
	200
	

	146. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 10 kV winding
	KV
	35
	

	147. 
	Neutral mode
	
	solid earthing
	

	148. 
	Short-Circuit Voltage on main tap position, %
· HV-MV
· HV-LV
· MV-LV
	%
	10,5 (tolerance ±10%)
38 (tolerance ±15%)
25 (tolerance ±15%)
	

	149. 
	No-load Current (max)
	%
	0.45
(tolerance +30% as per IEC 60076-1)
	

	150. 
	No load Losses at Rated Voltage, (max.)
	kW
	85
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	151. 
	Load losses at rated power in HV-MV mode at middle tap-changer position, (max.)
	kW
	410
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	152. 
	Load losses at rated power in MV-LV mode at middle tap-changer position, (max.)
	kW
	210 (tolerance +15%)
	

	153. 
	Load losses at rated power in HV-LV mode at middle tap-changer position, (max.)
	kW
	220 (tolerance +15%)
	

	
	Design Requirements
	
	
	

	154. 
	The Transformer is to be Manufactured:
·  with Cable Leads-in; 
·  with Bushings; 
·  for Connection to SF6 Equipment
	
	With Bushings
	

	155. 
	Transformer Oil according to Table 4 - SOU-N EE 43-101: 2009 (as amended by 13.02.2018), availability of certificate (passport, protocol)
	
	Yes
	

	156. 
	Oil Preservation System
	
	Elastic membranes
air-bag type
	

	157. 
	Inner insulation of the transformer: Check of core and frame insulation.
In accordance to IEC 60076-1. Earthing connection point to be brought outside
	
	Yes
	

	158. 
	The transformer shall be equipped with fittings /  for technological systems’ signals  and sensors,  to allow for connection of the condition monitoring system in the future
Transformer shall be provided with HV bushing insulation monitoring device to monitor the insulation condition at the operating voltage
	
	Yes
Yes

	

	159. 
	Pressure Relief Valve (With contacts for actuation signalling)
	
	Yes
	

	160. 
	Cooler Bank Shut-off valves.
Inlet and outlet valves, each with separate contacts to provide remote signalling of open/close position and with a visual position indicator.
	
	Yes
	

	161. 
	Gas relay (main tank)
Installed on the pipe between the main tank / tap changer and the conservator ascending towards the conservator by 0° to 5°
Two-float design, with separate contacts providing ‘alarm’ and ‘trip’ settings.
Provision to be made for gas extraction at ground level.  
	
	Yes
	

	162. 
	Silica Gel
	
	Yes
	

	163. 
	Maintenance-free dehydrating breather
	
	Yes
	

	164. 
	Oil level indicator on conservator.
Dial type with visual scale, providing an analogue output for remote monitoring 
	
	Yes
	

	165. 
	Winding temperature indicator with contacts for cooler control and alarm/trip functions.
	
	Yes
	

	166. 
	Painting colour
	
	Light-grey (RAL 7038)
	

	167. 
	Cabinets (control, signalling, terminals) arrangement
	
	Free standing
	

	168. 
	Stainless steel conduit along the transformer tank to protect the control cables laid from the monitoring, signalling, protection devices, leads-in, the current transformers to the terminal’s cabinets, against mechanical damage and solar radiation
	
	Yes
	

	
	Bushings
	
	
	

	169. 
	Bushing Insulation level in accordance to IEC Standards (60076-3, 60137).
Insulation level according to Table 3, IEC 60137 for Highest Voltage for Equipment (Um) below:
HV – 362 kV (Um)
MV – 123 (Um), 
LV – 12 kV (Um)
	
	Internal insulation - Solid (RIP), external insulation – porcelain or silicon
Pollution severity class acc. IEC/TS 60815- 1:2008 – d (heavy pollution)
	

	170. 
	Specific Creepage Distance of Bushing External Insulation, (USCD) not less than:
	cm/kV

	4.33

	

	171. 
	Completing the leads-in with the clamps for busbar connection
	
	Yes
	

	172. 
	Rated Current for 
· Primary winding bushing
· Secondary primary bushing
· Tertiary winding bushing
	A
	*
*
*
	

	173. 
	Allowable mechanical loads on to the bushings, at least:
- 330kV

- 110kV
- 10kV


	N
	 (Cantilever load testing according IEC 60137)
2500
 2000
*

	

	174. 
	HV bushing insulation monitoring
Outdoor cabinet for bushing insulation monitoring, complete set
	
	Yes
Yes
	

	
	Built-in Current Transformers:
	
	
	

	175. 
	CT final Technical Data are to be clarified at the stage of the equipment purchasing by the Supplier
	
	Yes
	

	176. 
	At 330 kV HV Bushing:
	
	
	

	177. 
	Primary Current
	A
	1000*-750-600-400
	

	178. 
	Secondary Current
	A
	1
	

	179. 
	Rated Burden, V ∙ A
	
	30
	

	
	The number of secondary windings, pcs.
	
	4+1(ф.А)
	

	180. 
	Accuracy Class
	
	0,2S+0,2S/10Р/10Р/10Р
	

	181. 
	At 110 kV MV Bushing:
	
	
	

	182. 
	Primary Current
	A
	2000– 1500– 1000-750
	

	183. 
	Secondary Current
	A
	1
	

	184. 
	Rated Burden
	V ∙ A
	30
	

	185. 
	The number of secondary windings, pcs.
	
	4
	

	186. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	187. 
	At 10 kV LV Bushing:
	
	
	

	188. 
	Primary Current
	A
	3000– 2000–1500- 1000(*)
	

	189. 
	Secondary Current
	A
	5
	

	190. 
	Rated Burden
	V.A
	30
	

	191. 
	The number of secondary windings, pcs.
	
	4
	

	192. 
	Accuracy Class
	
	0,5S/10Р/10Р/10Р
	

	193. 
	At HV Neutral Terminal:
	
	
	

	194. 
	Primary Current
	A
	1000– 750– 600– 400(*)
	

	195. 
	Secondary Current
	A
	5 (*)
	

	196. 
	Rated Burden
	V.A
	30 (*)
	

	197. 
	The number of secondary windings, pcs.
	
	4 (*)
	

	198. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	
	Cooling System
	
	
	

	199. 
	Cooling System Type
	
	Combined 
ONAN/ONAF1/ONAF2
	

	200. 
	The Cooling system automatics cabinet:
· Automatic maintain the temperature inside the cabinet for normal operation in conformity with climatic manufacture version of the transformer equipment. 
· The cabinet protection degree not less than ІР55;
· Current protection of the fan’s electric motors.
	
	Yes
Yes
Yes
	

	201. 
	The cooling system fans service life, not less than:
	Years
	30
	

	202. 
	Coolers Arrangement
	
	Mounted on the Tank
	

	203. 
	Cooling Devices (Radiators) Design 
	
	Plated
	

	204. 
	Automatic Control in Cooling Systems
	
	Yes
	

	205. 
	Combined electrical power of all cooling fans
	kW
	*
	

	206. 
	Rated supply voltage for cooling system 
	V
	~400, 50Hz
	

	
	Voltage Control Device
	
	
	

	207. 
	Manufacturer
	
	*
	

	208. 
	Type of OLTC
	
	Vacuum diverter switch
	

	209. 
	Rated through current
	A
	*
	

	210. 
	Rated step capacity
	kVA
	*
	

	211. 
	Capability of 3-type control: 
· local – from the drive key (buttons); 
· remote –from the control board; 
· automatic – from the automatic control unit
· local – using a manually-operated switch of tap-changer position
	
	Yes 
	

	212. 
	 Tap Changer range & (number of steps)
	
	 115±6х2% of Umv
	

	213. 
	Way of control and Tapping Winding 
	
	 OLTC on the MV line
	

	214. 
	Supply of OLTC control microprocessor-based device
	
	Yes
	

	215. 
	Requirements to OLTC:
· Mechanical endurance of OLTC with no electric load, quantity of switching-over, at least;
· Electrical endurance of contacts of the OLTC contactors, commutating the switching-over current, at least;
· OLTC switch vacuum compartment monitoring system 
· Technical support (servicing) in Ukraine
	
	500 000
300 000
Yes
Yes
	

	216. 
	OLTC: number of operations until exchange of diverter switch unit
	
	minimum 1.2 million
	

	217. 
	Requirements to the OLTC drive:
· provision of two transformers parallel operation; 
· signalling in case of edge positions; 
· availability of remote signalling position transducer;
· discrete signalling of the OLTC each position;
· inhibition for switching-over at low temperatures;
· OLTC actuation quantity meter; 
· availability of heaters of the drive; 
· signalling of the heaters state; 
· mechanical indicator of the OLTC position on the cabinet of the drive; 
· possibility of connection to PACS in future
· outdoor cabinet of the OLTC remote control at the AIS, set;
· OLTC single drive for three phases;
· Mechanical indicator of the OLTC position in the drive, clearly identified and accessible for reading by operating personnel;
· Operation in the following modes: local control, remote control and automatic control;
· Capability of local manual mechanical operation, with override of electrical control;
· Ensuring of safe completion of switching operation in the event of loss of control current.
	
	Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
	

	218. 
	Voltage of OLTC Power Supply
· Electric Motors
· Control Circuits
· Signalling Circuits
	V ac
V ac
V dc
	~400, 50 Hz (3phases+N)
~230, 50 Hz (1phase+N)
=220
	

	
	Reliability Requirements
	
	
	

	219. 
	Mean-Time-Between-Failures, not less
	Hours
	25000
	

	220. 
	Operation Service Life, not less
	Years
	30
	

	221. 
	Guarantee time period: 
Warranty period for the entire supplied equipment shall be
· from the date of commissioning, or
· from the date of its receipt at the Employer’s storage location
Whichever  comes first
	Years
	5
5,5
	

	
	Transportation
	
	
	

	222. 
	· Movement on site should be possible on rails
· Fully assembled of transformer during movement to service plinth
	
	Yes
No
	

	223. 
	Transformer movement
	
	longitudinal transverse
	

	224. 
	Form of rollers
	
	With ribs
	

	225. 
	Width of rail as per GOST 11677-85:
· longitudinal movement; 
· transverse movement
	mm
	1524
2000
	

	226. 
	«Impact-indicators» on the transportation packing for movement conditions monitoring within the supply time period
	
	Yes
	

	
	Complete set, supply support
	
	
	

	227. 
	· Complete set of air-drying system; 
· The cooling system automatics cabinet in complete set; 
· The control cables complete set with protection for the cables to be laid along the tank; 
· Nitrogen gas in the amount required during temporary storage at site and for replenish  
· Spares in conformity with the Supply Complete Set Data Sheet, set
Transformer oil:
· In the amount required for complete filling-in;
· For process operations and replenishing during installation works
	
	Yes
Yes
Yes
Yes
Yes
Yes
10% of the amount of complete filling-in
	

	228. 
	Delivery 
- with no oil, it has to be filled with nitrogen gas during the transportation (the complete set includes the transformer oil in the amount, required for filling-in, process operations during the erection and oil additional filling-in up to the operation oil level).
	
	Yes
	

	229. 
	Technical support of supply (acceptance of the state and complete set together with the Manufacturer and the Supplier, installation supervision)
	
	Yes
	

	
	Documentation to be submitted at the supply
	
	
	

	230. 
	Complete Set Data Sheet
	
	Yes
	

	231. 
	Quality Certificate
	
	Yes
	

	232. 
	Origin Certificate
	
	Yes
	

	233. 
	Certificates for transformers and completing parts (products) of the system
	
	Yes
	

	234. 
	Technical Description and Operation Manuals or Operation Guidelines (which include the planned repair documentation) for the transformer, completing parts and systems
	
	Yes
	

	235. 
	Control diagrams of the Cooling Systems and OLTC
	
	Yes
	

	236. 
	Transfer-Acceptance Tests Protocols (Certificates)
	
	Yes
	


* to be determined by the transformer manufacturer  
Technical Specification  – AT 330/220/35 kV 250MVA.
	No
	Technical Data
	Unit
	Required by the Purchaser
	Guaranteed by the Supplier

	237. 
	Technical Data in conformity with the requirements of the standard
	
	IEC, DSTU EN, DSTU IEC standards
	

	238. 
	Manufacturers designation
	
	*
	

	239. 
	Manufacturer and Country of Origin of the transformer
	
	*
	

	240. 
	Transformer type
	
	three-phase autotransformer, oil-filled, with ONAF cooling, three-winding, with OLTC, 250000 kVA rated power and voltage classes HV-MV – 330/220 kV, for moderate climate region, outdoor installation
	

	241. 
	Rated Voltage
	kV
	330/230/38.5
	

	242. 
	System Nominal Voltage
	kV
	330/220/35
	

	243. 
	Climatic Version and Location Category in conformity with GOST 15150-69
	
	U1 (for the region with moderate climate, to be outdoor located)
	

	244. 
	Maximum Installation Altitude, m
	m
	Up to 1000
	

	245. 
	Area's Seismic Stability, not less, DSTU B V.1.1-28:2010
	Points
	7
	

	
	Rated Parameters and Technical Data
	
	
	

	246. 
	Rated Winding Voltage
	HV
	kV
	330
	

	247. 
	
	MV
	kV
	230
	

	248. 
	
	LV
	kV
	38,5
	

	249. 
	Highest Voltage for Equipment (according to Ukrenergo Standard, GOST 1516.3-96)
	HV
	kV
	363
	

	250. 
	
	MV
	kV
	252
	

	251. 
	
	LV
	kV
	40.5
	

	252. 
	Rated Power 
	MVА
	250
	

	253. 
	Rated Power of LV winding
	MVА
	100
	

	254. 
	Rated Frequency
	Hz
	50
	

	255. 
	Winding Connection Diagram & Group
	
	YNa0d11
	

	256. 
	Full Wave Lightning Impulse (LI) 330 kV winding 
	kV
	950
	

	257. 
	Full Wave Lightning Impulse (LI) 220 kV winding
	kV 
	750
	

	258. 
	Full Wave Lightning Impulse (LI) 35 kV winding
	kV 
	190
	

	259. 
	Chopped Wave Lightning Impulse (LIC) 330 kV winding
	kV 
	1050
	

	260. 
	Chopped Wave Lightning Impulse (LIC) 220 kV winding
	kV 
	835
	

	261. 
	Chopped Wave Lightning Impulse (LIC) 35 kV winding
	kV 
	220
	

	262. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 330 kV winding
	kV 
	395/525
	

	263. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 220 kV winding
	kV 
	325/395
	

	264. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 35 kV winding
	KV
	85
	

	265. 
	Neutral mode
	
	solid earthing
	

	266. 
	Short-Circuit Voltage on main tap position, %
· HV-MV
· HV-LV
· MV-LV
	%
	10,5 (tolerance ±10%)
90 (tolerance ±15%)
72 (tolerance ±15%)
	

	267. 
	No-load Current (max)
	%
	0.15 
(tolerance +30% as per IEC 60076-1)
	

	268. 
	No load Losses at Rated Voltage, (max.)
	kW
	60
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	269. 
	Load losses at rated power in HV-MV mode at middle tap-changer position, (max.)
	kW
	580
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	270. 
	Load losses at rated power in MV-LV mode at middle tap-changer position, (max.)
	kW
	320 (tolerance +15%)
	

	271. 
	Load losses at rated power in HV-LV mode at middle tap-changer position, (max.)
	kW
	305 (tolerance +15%)
	

	
	Design Requirements
	
	
	

	272. 
	The Transformer is to be Manufactured:
·  with Cable Leads-in; 
·  with Bushings; 
·  for Connection to SF6 Equipment
	
	With Bushings
	

	273. 
	Transformer Oil according to Table 4 - SOU-N EE 43-101: 2009 (as amended by 13.02.2018), availability of certificate (passport, protocol)
	
	Yes
	

	274. 
	Oil Preservation System
	
	Elastic membranes
air-bag type
	

	275. 
	Inner insulation of the transformer: Check of core and frame insulation.
In accordance to IEC 60076-1. Earthing connection point to be brought outside
	
	Yes
	

	276. 
	The transformer shall be equipped with fittings /  for technological systems’ signals  and sensors,  to allow for connection of the condition monitoring system in the future
Transformer shall be provided with HV bushing insulation monitoring device to monitor the insulation condition at the operating voltage
	
	Yes
Yes

	

	277. 
	Pressure Relief Valve (With contacts for actuation signalling)
	
	Yes
	

	278. 
	Cooler Bank Shut-off valves.
Inlet and outlet valves, each with separate contacts to provide remote signalling of open/close position and with a visual position indicator.
	
	Yes
	

	279. 
	Gas relay (main tank)
Installed on the pipe between the main tank / tap changer and the conservator ascending towards the conservator by 0° to 5°
Two-float design, with separate contacts providing ‘alarm’ and ‘trip’ settings.
Provision to be made for gas extraction at ground level.  
	
	Yes
	

	280. 
	Silica Gel
	
	Yes
	

	281. 
	Maintenance-free dehydrating breather
	
	Yes
	

	282. 
	Oil level indicator on conservator.
Dial type with visual scale, providing an analogue output for remote monitoring 
	
	Yes
	

	283. 
	Winding temperature indicator with contacts for cooler control and alarm/trip functions.
	
	Yes
	

	284. 
	Painting colour
	
	Light-grey (RAL 7038)
	

	285. 
	Cabinets (control, signalling, terminals) arrangement
	
	Free standing
	

	286. 
	Stainless steel conduit along the transformer tank to protect the control cables laid from the monitoring, signalling, protection devices, leads-in, the current transformers to the terminal’s cabinets, against mechanical damage and solar radiation
	
	Yes
	

	
	Bushings
	
	
	

	287. 
	Bushing Insulation level in accordance to IEC Standards (60076-3, 60137).
Insulation level according to Table 3, IEC 60137 for Highest Voltage for Equipment (Um) below:
HV – 362 kV (Um)
MV – 245 (Um), 
LV – 40.5 kV (Um)
	
	Internal insulation - Solid (RIP), external insulation – porcelain or silicon
Pollution severity class acc. IEC/TS 60815- 1:2008 – d (heavy pollution)
	

	288. 
	Specific Creepage Distance of Bushing External Insulation, (USCD) not less than:
	cm/kV

	4.33

	

	289. 
	Completing the leads-in with the clamps for busbar connection
	
	Yes
	

	290. 
	Rated Current for 
· Primary winding bushing
· Secondary primary bushing
· Tertiary winding bushing
	A
	*
*
*
	

	291. 
	Allowable mechanical loads on to the bushings, at least:
- 330kV
- 220kV

- 35kV


	N
	 (Cantilever load testing according IEC 60137)
2500
 2000
*

	

	292. 
	HV bushing insulation monitoring
Outdoor cabinet for bushing insulation monitoring, complete set
	
	Yes
Yes
	

	
	Built-in Current Transformers:
	
	
	

	293. 
	CT final Technical Data are to be clarified at the stage of the equipment purchasing by the Supplier
	
	Yes
	

	294. 
	At 330 kV HV Bushing:
	
	
	

	295. 
	Primary Current
	A
	1000*-750-600-400
	

	296. 
	Secondary Current
	A
	1
	

	297. 
	Rated Burden, V ∙ A
	
	30
	

	
	The number of secondary windings, pcs.
	
	4+1(ф.А)
	

	298. 
	Accuracy Class
	
	0,2S+0,2S/10Р/10Р/10Р
	

	299. 
	At 220 kV MV Bushing:
	
	
	

	300. 
	Primary Current
	A
	2000– 1500– 1000-750
	

	301. 
	Secondary Current
	A
	1
	

	302. 
	Rated Burden
	V ∙ A
	30
	

	303. 
	The number of secondary windings, pcs.
	
	4
	

	304. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	305. 
	At 35 kV LV Bushing:
	
	
	

	306. 
	Primary Current
	A
	3000– 2000–1500- 1000(*)
	

	307. 
	Secondary Current
	A
	5
	

	308. 
	Rated Burden
	V.A
	30
	

	309. 
	The number of secondary windings, pcs.
	
	4
	

	310. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	311. 
	At HV Neutral Terminal:
	
	
	

	312. 
	Primary Current
	A
	1000– 750– 600– 400(*)
	

	313. 
	Secondary Current
	A
	5 (*)
	

	314. 
	Rated Burden
	V.A
	30 (*)
	

	315. 
	The number of secondary windings, pcs.
	
	4 (*)
	

	316. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	
	Cooling System
	
	
	

	317. 
	Cooling System Type
	
	Combined 
ONAN/ONAF1/ONAF2
	

	318. 
	The Cooling system automatics cabinet:
· Automatic maintain the temperature inside the cabinet for normal operation in conformity with climatic manufacture version of the transformer equipment. 
· The cabinet protection degree not less than ІР55;
· Current protection of the fan’s electric motors.
	
	Yes
Yes
Yes
	

	319. 
	The cooling system fans service life, not less than:
	Years
	30
	

	320. 
	Coolers Arrangement
	
	Mounted on the Tank
	

	321. 
	Cooling Devices (Radiators) Design 
	
	Plated
	

	322. 
	Automatic Control in Cooling Systems
	
	Yes
	

	323. 
	Combined electrical power of all cooling fans
	kW
	*
	

	324. 
	Rated supply voltage for cooling system 
	V
	~400, 50Hz
	

	
	Voltage Control Device
	
	
	

	325. 
	Manufacturer
	
	*
	

	326. 
	Type of OLTC
	
	Vacuum diverter switch
	

	327. 
	Rated through current
	A
	*
	

	328. 
	Rated step capacity
	kVA
	*
	

	329. 
	Capability of 3-type control: 
· local – from the drive key (buttons); 
· remote –from the control board; 
· automatic – from the automatic control unit
· local – using a manually-operated switch of tap-changer position
	
	Yes 
	

	330. 
	 Tap Changer range & (number of steps)
	
	 252±6х2% of Umv
	

	331. 
	Way of control and Tapping Winding 
	
	 OLTC on the MV line
	

	332. 
	Supply of OLTC control microprocessor-based device
	
	Yes
	

	333. 
	Requirements to OLTC:
· Mechanical endurance of OLTC with no electric load, quantity of switching-over, at least;
· Electrical endurance of contacts of the OLTC contactors, commutating the switching-over current, at least;
· OLTC switch vacuum compartment monitoring system 
· Technical support (servicing) in Ukraine
	
	500 000
300 000
Yes
Yes
	

	334. 
	OLTC: number of operations until exchange of diverter switch unit
	
	minimum 1.2 million
	

	335. 
	Requirements to the OLTC drive:
· provision of two transformers parallel operation; 
· signalling in case of edge positions; 
· availability of remote signalling position transducer;
· discrete signalling of the OLTC each position;
· inhibition for switching-over at low temperatures;
· OLTC actuation quantity meter; 
· availability of heaters of the drive; 
· signalling of the heaters state; 
· mechanical indicator of the OLTC position on the cabinet of the drive; 
· possibility of connection to PACS in future
· outdoor cabinet of the OLTC remote control at the AIS, set;
· OLTC single drive for three phases;
· Mechanical indicator of the OLTC position in the drive, clearly identified and accessible for reading by operating personnel;
· Operation in the following modes: local control, remote control and automatic control;
· Capability of local manual mechanical operation, with override of electrical control;
· Ensuring of safe completion of switching operation in the event of loss of control current.
	
	Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
	

	336. 
	Voltage of OLTC Power Supply
· Electric Motors
· Control Circuits
· Signalling Circuits
	V ac
V ac
V dc
	~400, 50 Hz (3phases+N)
~230, 50 Hz (1phase+N)
=220
	

	
	Reliability Requirements
	
	
	

	337. 
	Mean-Time-Between-Failures, not less
	Hours
	25000
	

	338. 
	Operation Service Life, not less
	Years
	30
	

	339. 
	Guarantee time period: 
Warranty period for the entire supplied equipment shall be
· from the date of commissioning, or
· from the date of its receipt at the Employer’s storage location
Whichever  comes first
	Years
	5
5,5
	

	
	Transportation
	
	
	

	340. 
	· Movement on site should be possible on rails
· Fully assembled of transformer during movement to service plinth
	
	Yes
No
	

	341. 
	Transformer movement
	
	longitudinal transverse
	

	342. 
	Form of rollers
	
	With ribs
	

	343. 
	Width of rail as per GOST 11677-85:
· longitudinal movement; 
· transverse movement
	mm
	1524
2000
	

	344. 
	«Impact-indicators» on the transportation packing for movement conditions monitoring within the supply time period
	
	Yes
	

	
	Complete set, supply support
	
	
	

	345. 
	· Complete set of air-drying system; 
· The cooling system automatics cabinet in complete set; 
· The control cables complete set with protection for the cables to be laid along the tank; 
· Nitrogen gas in the amount required during temporary storage at site and for replenish  
· Spares in conformity with the Supply Complete Set Data Sheet, set
Transformer oil:
· In the amount required for complete filling-in;
· For process operations and replenishing during installation works
	
	Yes
Yes
Yes
Yes
Yes
Yes
10% of the amount of complete filling-in
	

	346. 
	Delivery 
- with no oil, it has to be filled with nitrogen gas during the transportation (the complete set includes the transformer oil in the amount, required for filling-in, process operations during the erection and oil additional filling-in up to the operation oil level).
	
	Yes
	

	347. 
	Technical support of supply (acceptance of the state and complete set together with the Manufacturer and the Supplier, installation supervision)
	
	Yes
	

	
	Documentation to be submitted at the supply
	
	
	

	348. 
	Complete Set Data Sheet
	
	Yes
	

	349. 
	Quality Certificate
	
	Yes
	

	350. 
	Origin Certificate
	
	Yes
	

	351. 
	Certificates for transformers and completing parts (products) of the system
	
	Yes
	

	352. 
	Technical Description and Operation Manuals or Operation Guidelines (which include the planned repair documentation) for the transformer, completing parts and systems
	
	Yes
	

	353. 
	Control diagrams of the Cooling Systems and OLTC
	
	Yes
	

	354. 
	Transfer-Acceptance Tests Protocols (Certificates)
	
	Yes
	


* to be determined by the transformer manufacturer  
Technical Specification  – AT 330/150/10 kV 250MVA.
	No
	Technical Data
	Unit
	Required by the Purchaser
	Guaranteed by the Supplier

	355. 
	Technical Data in conformity with the requirements of the standard
	
	IEC, DSTU EN, DSTU IEC standards
	

	356. 
	Manufacturers designation
	
	*
	

	357. 
	Manufacturer and Country of Origin of the transformer
	
	*
	

	358. 
	Transformer type
	
	three-phase autotransformer, oil-filled, with ONAF cooling, three-winding, with OLTC, 250000 kVA rated power and voltage classes HV-MV – 330/150 kV, for moderate climate region, outdoor installation
	

	359. 
	Rated Voltage
	kV
	330/158/10.5
	

	360. 
	System Nominal Voltage
	kV
	330/150/10
	

	361. 
	Climatic Version and Location Category in conformity with GOST 15150-69
	
	U1 (for the region with moderate climate, to be outdoor located)
	

	362. 
	Maximum Installation Altitude, m
	m
	Up to 1000
	

	363. 
	Area's Seismic Stability, not less, DSTU B V.1.1-28:2010
	Points
	7
	

	
	Rated Parameters and Technical Data
	
	
	

	364. 
	Rated Winding Voltage
	HV
	kV
	330
	

	365. 
	
	MV
	kV
	158
	

	366. 
	
	LV
	kV
	10,5
	

	367. 
	Highest Voltage for Equipment (according to Ukrenergo Standard, GOST 1516.3-96)
	HV
	kV
	363
	

	368. 
	
	MV
	kV
	172
	

	369. 
	
	LV
	kV
	12
	

	370. 
	Rated Power 
	MVА
	250
	

	371. 
	Rated Power of LV winding
	MVА
	100
	

	372. 
	Rated Frequency
	Hz
	50
	

	373. 
	Winding Connection Diagram & Group
	
	YNa0d11
	

	374. 
	Full Wave Lightning Impulse (LI) 330 kV winding 
	kV
	950
	

	375. 
	Full Wave Lightning Impulse (LI) 150 kV winding
	kV 
	550
	

	376. 
	Full Wave Lightning Impulse (LI) 10 kV winding
	kV 
	75
	

	377. 
	Chopped Wave Lightning Impulse (LIC) 330 kV winding
	kV 
	1050
	

	378. 
	Chopped Wave Lightning Impulse (LIC) 150 kV winding
	kV 
	600
	

	379. 
	Chopped Wave Lightning Impulse (LIC) 10 kV winding
	kV 
	90
	

	380. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 330 kV winding
	kV 
	395/525
	

	381. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 150 kV winding
	kV 
	230/275
	

	382. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 10 kV winding
	KV
	35
	

	383. 
	Neutral mode
	
	solid earthing
	

	384. 
	Short-Circuit Voltage on main tap position, %
· HV-MV
· HV-LV
· MV-LV
	%
	10,5 (tolerance ±10%)
54 (tolerance ±15%)
42 (tolerance ±15%)
	

	385. 
	No-load Current (max)
	%
	0.34 
(tolerance +30% as per IEC 60076-1)
	

	386. 
	No load Losses at Rated Voltage, (max.)
	kW
	75
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	387. 
	Load losses at rated power in HV-MV mode at middle tap-changer position, (max.)
	kW
	605
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	388. 
	Load losses at rated power in MV-LV mode at middle tap-changer position, (max.)
	kW
	305 (tolerance +15%)
	

	389. 
	Load losses at rated power in HV-LV mode at middle tap-changer position, (max.)
	kW
	300 (tolerance +15%)
	

	
	Design Requirements
	
	
	

	390. 
	The Transformer is to be Manufactured:
·  with Cable Leads-in; 
·  with Bushings; 
·  for Connection to SF6 Equipment
	
	With Bushings
	

	391. 
	Transformer Oil according to Table 4 - SOU-N EE 43-101: 2009 (as amended by 13.02.2018), availability of certificate (passport, protocol)
	
	Yes
	

	392. 
	Oil Preservation System
	
	Elastic membranes
air-bag type
	

	393. 
	Inner insulation of the transformer: Check of core and frame insulation.
In accordance to IEC 60076-1. Earthing connection point to be brought outside
	
	Yes
	

	394. 
	The transformer shall be equipped with fittings /  for technological systems’ signals  and sensors,  to allow for connection of the condition monitoring system in the future
Transformer shall be provided with HV bushing insulation monitoring device to monitor the insulation condition at the operating voltage
	
	Yes
Yes

	

	395. 
	Pressure Relief Valve (With contacts for actuation signalling)
	
	Yes
	

	396. 
	Cooler Bank Shut-off valves.
Inlet and outlet valves, each with separate contacts to provide remote signalling of open/close position and with a visual position indicator.
	
	Yes
	

	397. 
	Gas relay (main tank)
Installed on the pipe between the main tank / tap changer and the conservator ascending towards the conservator by 0° to 5°
Two-float design, with separate contacts providing ‘alarm’ and ‘trip’ settings.
Provision to be made for gas extraction at ground level.  
	
	Yes
	

	398. 
	Silica Gel
	
	Yes
	

	399. 
	Maintenance-free dehydrating breather
	
	Yes
	

	400. 
	Oil level indicator on conservator.
Dial type with visual scale, providing an analogue output for remote monitoring 
	
	Yes
	

	401. 
	Winding temperature indicator with contacts for cooler control and alarm/trip functions.
	
	Yes
	

	402. 
	Painting colour
	
	Light-grey (RAL 7038)
	

	403. 
	Cabinets (control, signalling, terminals) arrangement
	
	Free standing
	

	404. 
	Stainless steel conduit along the transformer tank to protect the control cables laid from the monitoring, signalling, protection devices, leads-in, the current transformers to the terminal’s cabinets, against mechanical damage and solar radiation
	
	Yes
	

	
	Bushings
	
	
	

	405. 
	Bushing Insulation level in accordance to IEC Standards (60076-3, 60137).
Insulation level according to Table 3, IEC 60137 for Highest Voltage for Equipment (Um) below:
HV – 362 kV (Um)
MV – 170 (Um), 
LV – 12 kV (Um)
	
	Internal insulation - Solid (RIP), external insulation – porcelain or silicon
Pollution severity class acc. IEC/TS 60815- 1:2008 – d (heavy pollution)
	

	406. 
	Specific Creepage Distance of Bushing External Insulation, (USCD) not less than:
	cm/kV

	4.33

	

	407. 
	Completing the leads-in with the clamps for busbar connection
	
	Yes
	

	408. 
	Rated Current for 
· Primary winding bushing
· Secondary primary bushing
· Tertiary winding bushing
	A
	*
*
*
	

	409. 
	Allowable mechanical loads on to the bushings, at least:
- 330kV
- 150kV
- 10kV

	N
	 (Cantilever load testing according IEC 60137)
2500
 2000
*

	

	410. 
	HV bushing insulation monitoring
Outdoor cabinet for bushing insulation monitoring, complete set
	
	Yes
Yes
	

	
	Built-in Current Transformers:
	
	
	

	411. 
	CT final Technical Data are to be clarified at the stage of the equipment purchasing by the Supplier
	
	Yes
	

	412. 
	At 330 kV HV Bushing:
	
	
	

	413. 
	Primary Current
	A
	1000*-750-600-400
	

	414. 
	Secondary Current
	A
	1
	

	415. 
	Rated Burden, V ∙ A
	
	30
	

	
	The number of secondary windings, pcs.
	
	4+1(ф.А)
	

	416. 
	Accuracy Class
	
	0,2S+0,2S/10Р/10Р/10Р
	

	417. 
	At 150 kV MV Bushing:
	
	
	

	418. 
	Primary Current
	A
	2000– 1500– 1000-750
	

	419. 
	Secondary Current
	A
	1
	

	420. 
	Rated Burden
	V ∙ A
	30
	

	421. 
	The number of secondary windings, pcs.
	
	4
	

	422. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	423. 
	At 10 kV LV Bushing:
	
	
	

	424. 
	Primary Current
	A
	3000– 2000–1500- 1000(*)
	

	425. 
	Secondary Current
	A
	5
	

	426. 
	Rated Burden
	V.A
	30
	

	427. 
	The number of secondary windings, pcs.
	
	4
	

	428. 
	Accuracy Class
	
	0,5S/10Р/10Р/10Р
	

	429. 
	At HV Neutral Terminal:
	
	
	

	430. 
	Primary Current
	A
	1000– 750– 600– 400(*)
	

	431. 
	Secondary Current
	A
	5 (*)
	

	432. 
	Rated Burden
	V.A
	30 (*)
	

	433. 
	The number of secondary windings, pcs.
	
	4 (*)
	

	434. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	
	Cooling System
	
	
	

	435. 
	Cooling System Type
	
	Combined 
ONAN/ONAF1/ONAF2
	

	436. 
	The Cooling system automatics cabinet:
· Automatic maintain the temperature inside the cabinet for normal operation in conformity with climatic manufacture version of the transformer equipment. 
· The cabinet protection degree not less than ІР55;
· Current protection of the fan’s electric motors.
	
	Yes
Yes
Yes
	

	437. 
	The cooling system fans service life, not less than:
	Years
	30
	

	438. 
	Coolers Arrangement
	
	Mounted on the Tank
	

	439. 
	Cooling Devices (Radiators) Design 
	
	Plated
	

	440. 
	Automatic Control in Cooling Systems
	
	Yes
	

	441. 
	Combined electrical power of all cooling fans
	kW
	*
	

	442. 
	Rated supply voltage for cooling system 
	V
	~400, 50Hz
	

	
	Voltage Control Device
	
	
	

	443. 
	Manufacturer
	
	*
	

	444. 
	Type of OLTC
	
	Vacuum diverter switch
	

	445. 
	Rated through current
	A
	*
	

	446. 
	Rated step capacity
	kVA
	*
	

	447. 
	Capability of 3-type control: 
· local – from the drive key (buttons); 
· remote –from the control board; 
· automatic – from the automatic control unit
· local – using a manually-operated switch of tap-changer position
	
	Yes 
	

	448. 
	 Tap Changer range & (number of steps)
	
	 158±6х2% of Umv
	

	449. 
	Way of control and Tapping Winding 
	
	 OLTC on the MV line
	

	450. 
	Supply of OLTC control microprocessor-based device
	
	Yes
	

	451. 
	Requirements to OLTC:
· Mechanical endurance of OLTC with no electric load, quantity of switching-over, at least;
· Electrical endurance of contacts of the OLTC contactors, commutating the switching-over current, at least;
· OLTC switch vacuum compartment monitoring system 
· Technical support (servicing) in Ukraine
	
	500 000
300 000
Yes
Yes
	

	452. 
	OLTC: number of operations until exchange of diverter switch unit
	
	minimum 1.2 million
	

	453. 
	Requirements to the OLTC drive:
· provision of two transformers parallel operation; 
· signalling in case of edge positions; 
· availability of remote signalling position transducer;
· discrete signalling of the OLTC each position;
· inhibition for switching-over at low temperatures;
· OLTC actuation quantity meter; 
· availability of heaters of the drive; 
· signalling of the heaters state; 
· mechanical indicator of the OLTC position on the cabinet of the drive; 
· possibility of connection to PACS in future
· outdoor cabinet of the OLTC remote control at the AIS, set;
· OLTC single drive for three phases;
· Mechanical indicator of the OLTC position in the drive, clearly identified and accessible for reading by operating personnel;
· Operation in the following modes: local control, remote control and automatic control;
· Capability of local manual mechanical operation, with override of electrical control;
· Ensuring of safe completion of switching operation in the event of loss of control current.
	
	Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
	

	454. 
	Voltage of OLTC Power Supply
· Electric Motors
· Control Circuits
· Signalling Circuits
	V ac
V ac
V dc
	~400, 50 Hz (3phases+N)
~230, 50 Hz (1phase+N)
=220
	

	
	Reliability Requirements
	
	
	

	455. 
	Mean-Time-Between-Failures, not less
	Hours
	25000
	

	456. 
	Operation Service Life, not less
	Years
	30
	

	457. 
	Guarantee time period: 
Warranty period for the entire supplied equipment shall be
· from the date of commissioning, or
· from the date of its receipt at the Employer’s storage location
Whichever  comes first
	Years
	5
5,5
	

	
	Transportation
	
	
	

	458. 
	· Movement on site should be possible on rails
· Fully assembled of transformer during movement to service plinth
	
	Yes
No
	

	459. 
	Transformer movement
	
	longitudinal transverse
	

	460. 
	Form of rollers
	
	With ribs
	

	461. 
	Width of rail as per GOST 11677-85:
· longitudinal movement; 
· transverse movement
	mm
	1524
2000
	

	462. 
	«Impact-indicators» on the transportation packing for movement conditions monitoring within the supply time period
	
	Yes
	

	
	Complete set, supply support
	
	
	

	463. 
	· Complete set of air-drying system; 
· The cooling system automatics cabinet in complete set; 
· The control cables complete set with protection for the cables to be laid along the tank; 
· Nitrogen gas in the amount required during temporary storage at site and for replenish  
· Spares in conformity with the Supply Complete Set Data Sheet, set
Transformer oil:
· In the amount required for complete filling-in;
· For process operations and replenishing during installation works
	
	Yes
Yes
Yes
Yes
Yes
Yes
10% of the amount of complete filling-in
	

	464. 
	Delivery 
- with no oil, it has to be filled with nitrogen gas during the transportation (the complete set includes the transformer oil in the amount, required for filling-in, process operations during the erection and oil additional filling-in up to the operation oil level).
	
	Yes
	

	465. 
	Technical support of supply (acceptance of the state and complete set together with the Manufacturer and the Supplier, installation supervision)
	
	Yes
	

	
	Documentation to be submitted at the supply
	
	
	

	466. 
	Complete Set Data Sheet
	
	Yes
	

	467. 
	Quality Certificate
	
	Yes
	

	468. 
	Origin Certificate
	
	Yes
	

	469. 
	Certificates for transformers and completing parts (products) of the system
	
	Yes
	

	470. 
	Technical Description and Operation Manuals or Operation Guidelines (which include the planned repair documentation) for the transformer, completing parts and systems
	
	Yes
	

	471. 
	Control diagrams of the Cooling Systems and OLTC
	
	Yes
	

	472. 
	Transfer-Acceptance Tests Protocols (Certificates)
	
	Yes
	


* to be determined by the transformer manufacturer  
Technical Specification   – AT 330/150/35 kV 250MVA.
	No
	Technical Data
	Unit
	Required by the Purchaser
	Guaranteed by the Supplier

	473. 
	Technical Data in conformity with the requirements of the standard
	
	IEC, DSTU EN, DSTU IEC standards
	

	474. 
	Manufacturers designation
	
	*
	

	475. 
	Manufacturer and Country of Origin of the transformer
	
	*
	

	476. 
	Transformer type
	
	three-phase autotransformer, oil-filled, with ONAF cooling, three-winding, with OLTC, 250000 kVA rated power and voltage classes HV-MV – 330/150 kV, for moderate climate region, outdoor installation
	

	477. 
	Rated Voltage
	kV
	330/158/38.5
	

	478. 
	System Nominal Voltage
	kV
	330/150/35
	

	479. 
	Climatic Version and Location Category in conformity with GOST 15150-69
	
	U1 (for the region with moderate climate, to be outdoor located)
	

	480. 
	Maximum Installation Altitude, m
	m
	Up to 1000
	

	481. 
	Area's Seismic Stability, not less, DSTU B V.1.1-28:2010
	Points
	7 
	

	
	Rated Parameters and Technical Data
	
	
	

	482. 
	Rated Winding Voltage
	HV
	kV
	330
	

	483. 
	
	MV
	kV
	158
	

	484. 
	
	LV
	kV
	38,5
	

	485. 
	Highest Voltage for Equipment (according to Ukrenergo Standard, GOST 1516.3-96)
	HV
	kV
	363
	

	486. 
	
	MV
	kV
	172
	

	487. 
	
	LV
	kV
	40.5
	

	488. 
	Rated Power 
	MVА
	250
	

	489. 
	Rated Power of LV winding
	MVА
	100
	

	490. 
	Rated Frequency
	Hz
	50
	

	491. 
	Winding Connection Diagram & Group
	
	YNa0d11
	

	492. 
	Full Wave Lightning Impulse (LI) 330 kV winding 
	kV
	950
	

	493. 
	Full Wave Lightning Impulse (LI) 150 kV winding
	kV 
	550
	

	494. 
	Full Wave Lightning Impulse (LI) 35 kV winding
	kV 
	190
	

	495. 
	Chopped Wave Lightning Impulse (LIC) 330 kV winding
	kV 
	1050
	

	496. 
	Chopped Wave Lightning Impulse (LIC) 150 kV winding
	kV 
	600
	

	497. 
	Chopped Wave Lightning Impulse (LIC) 35 kV winding
	kV 
	220
	

	498. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 330 kV winding
	kV 
	395/525
	

	499. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 150 kV winding
	kV 
	230/275
	

	500. 
	Applied Voltage or Line Terminal AC withstand (AV)(LTAC) 35 kV winding
	KV
	80
	

	501. 
	Neutral mode
	
	solid earthing
	

	502. 
	Short-Circuit Voltage on main tap position, %
· HV-MV
· HV-LV
· MV-LV
	%
	10,5 (tolerance ±10%)
54 (tolerance ±15%)
42 (tolerance ±15%)
	

	503. 
	No-load Current (max)
	%
	0.34 
(tolerance +30% as per IEC 60076-1)
	

	504. 
	No load Losses at Rated Voltage, (max.)
	kW
	75
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	505. 
	Load losses at rated power in HV-MV mode at middle tap-changer position, (max.)
	kW
	605
(tolerance +15% as per IEC 60076-1 provided that the tolerance for total losses do not exceed +10%)
	

	506. 
	Load losses at rated power in MV-LV mode at middle tap-changer position, (max.)
	kW
	305 (tolerance +15%)
	

	507. 
	Load losses at rated power in HV-LV mode at middle tap-changer position, (max.)
	kW
	300 (tolerance +15%)
	

	
	Design Requirements
	
	
	

	508. 
	The Transformer is to be Manufactured:
·  with Cable Leads-in; 
·  with Bushings; 
·  for Connection to SF6 Equipment
	
	With Bushings
	

	509. 
	Transformer Oil according to Table 4 - SOU-N EE 43-101: 2009 (as amended by 13.02.2018), availability of certificate (passport, protocol)
	
	Yes
	

	510. 
	Oil Preservation System
	
	Elastic membranes
air-bag type
	

	511. 
	Inner insulation of the transformer: Check of core and frame insulation.
In accordance to IEC 60076-1. Earthing connection point to be brought outside
	
	Yes
	

	512. 
	The transformer shall be equipped with fittings /  for technological systems’ signals  and sensors,  to allow for connection of the condition monitoring system in the future
Transformer shall be provided with HV bushing insulation monitoring device to monitor the insulation condition at the operating voltage
	
	Yes
Yes

	

	513. 
	Pressure Relief Valve (With contacts for actuation signalling)
	
	Yes
	

	514. 
	Cooler Bank Shut-off valves.
Inlet and outlet valves, each with separate contacts to provide remote signalling of open/close position and with a visual position indicator.
	
	Yes
	

	515. 
	Gas relay (main tank)
Installed on the pipe between the main tank / tap changer and the conservator ascending towards the conservator by 0° to 5°
Two-float design, with separate contacts providing ‘alarm’ and ‘trip’ settings.
Provision to be made for gas extraction at ground level.  
	
	Yes
	

	516. 
	Silica Gel
	
	Yes
	

	517. 
	Maintenance-free dehydrating breather
	
	Yes
	

	518. 
	Oil level indicator on conservator.
Dial type with visual scale, providing an analogue output for remote monitoring 
	
	Yes
	

	519. 
	Winding temperature indicator with contacts for cooler control and alarm/trip functions.
	
	Yes
	

	520. 
	Painting colour
	
	Light-grey (RAL 7038)
	

	521. 
	Cabinets (control, signalling, terminals) arrangement
	
	Free standing
	

	522. 
	Stainless steel conduit along the transformer tank to protect the control cables laid from the monitoring, signalling, protection devices, leads-in, the current transformers to the terminal’s cabinets, against mechanical damage and solar radiation
	
	Yes
	

	
	Bushings
	
	
	

	523. 
	Bushing Insulation level in accordance to IEC Standards (60076-3, 60137).
Insulation level according to Table 3, IEC 60137 for Highest Voltage for Equipment (Um) below:
HV – 362 kV (Um)
MV – 170 (Um), 
LV – 40.5 kV (Um)
	
	Internal insulation - Solid (RIP), external insulation – porcelain or silicon
Pollution severity class acc. IEC/TS 60815- 1:2008 – d (heavy pollution)
	

	524. 
	Specific Creepage Distance of Bushing External Insulation, (USCD) not less than:
	cm/kV

	4.33

	

	525. 
	Completing the leads-in with the clamps for busbar connection
	
	Yes
	

	526. 
	Rated Current for 
· Primary winding bushing
· Secondary primary bushing
· Tertiary winding bushing
	A
	*
*
*
	

	527. 
	Allowable mechanical loads on to the bushings, at least:
- 330kV
- 150kV
- 35kV


	N
	 (Cantilever load testing according IEC 60137)
2500
 2000
*

	

	528. 
	HV bushing insulation monitoring
Outdoor cabinet for bushing insulation monitoring, complete set
	
	Yes
Yes
	

	
	Built-in Current Transformers:
	
	
	

	529. 
	CT final Technical Data are to be clarified at the stage of the equipment purchasing by the Supplier
	
	Yes
	

	530. 
	At 330 kV HV Bushing:
	
	
	

	531. 
	Primary Current
	A
	1000*-750-600-400
	

	532. 
	Secondary Current
	A
	1
	

	533. 
	Rated Burden, V ∙ A
	
	30
	

	
	The number of secondary windings, pcs.
	
	4+1(ф.А)
	

	534. 
	Accuracy Class
	
	0,2S+0,2S/10Р/10Р/10Р
	

	535. 
	At 150 kV MV Bushing:
	
	
	

	536. 
	Primary Current
	A
	2000– 1500– 1000-750
	

	537. 
	Secondary Current
	A
	1
	

	538. 
	Rated Burden
	V ∙ A
	30
	

	539. 
	The number of secondary windings, pcs.
	
	4
	

	540. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	541. 
	At 35 kV LV Bushing:
	
	
	

	542. 
	Primary Current
	A
	3000– 2000–1500- 1000(*)
	

	543. 
	Secondary Current
	A
	5
	

	544. 
	Rated Burden
	V.A
	30
	

	545. 
	The number of secondary windings, pcs.
	
	4
	

	546. 
	Accuracy Class
	
	0,5S/10Р/10Р/10Р
	

	547. 
	At HV Neutral Terminal:
	
	
	

	548. 
	Primary Current
	A
	1000– 750– 600– 400(*)
	

	549. 
	Secondary Current
	A
	5 (*)
	

	550. 
	Rated Burden
	V.A
	30 (*)
	

	551. 
	The number of secondary windings, pcs.
	
	4 (*)
	

	552. 
	Accuracy Class
	
	0,2S/10Р/10Р/10Р
	

	
	Cooling System
	
	
	

	553. 
	Cooling System Type
	
	Combined 
ONAN/ONAF1/ONAF2
	

	554. 
	The Cooling system automatics cabinet:
· Automatic maintain the temperature inside the cabinet for normal operation in conformity with climatic manufacture version of the transformer equipment. 
· The cabinet protection degree not less than ІР55;
· Current protection of the fan’s electric motors.
	
	Yes
Yes
Yes
	

	555. 
	The cooling system fans service life, not less than:
	Years
	30
	

	556. 
	Coolers Arrangement
	
	Mounted on the Tank
	

	557. 
	Cooling Devices (Radiators) Design 
	
	Plated
	

	558. 
	Automatic Control in Cooling Systems
	
	Yes
	

	559. 
	Combined electrical power of all cooling fans
	kW
	*
	

	560. 
	Rated supply voltage for cooling system 
	V
	~400, 50Hz
	

	
	Voltage Control Device
	
	
	

	561. 
	Manufacturer
	
	*
	

	562. 
	Type of OLTC
	
	Vacuum diverter switch
	

	563. 
	Rated through current
	A
	*
	

	564. 
	Rated step capacity
	kVA
	*
	

	565. 
	Capability of 3-type control: 
· local – from the drive key (buttons); 
· remote –from the control board; 
· automatic – from the automatic control unit
· local – using a manually-operated switch of tap-changer position
	
	Yes 
	

	566. 
	 Tap Changer range & (number of steps)
	
	 158±6х2% of Umv
	

	567. 
	Way of control and Tapping Winding 
	
	 OLTC on the MV line
	

	568. 
	Supply of OLTC control microprocessor-based device
	
	Yes
	

	569. 
	Requirements to OLTC:
· Mechanical endurance of OLTC with no electric load, quantity of switching-over, at least;
· Electrical endurance of contacts of the OLTC contactors, commutating the switching-over current, at least;
· OLTC switch vacuum compartment monitoring system 
· Technical support (servicing) in Ukraine
	
	500 000
300 000
Yes
Yes
	

	570. 
	OLTC: number of operations until exchange of diverter switch unit
	
	minimum 1.2 million
	

	571. 
	Requirements to the OLTC drive:
· provision of two transformers parallel operation; 
· signalling in case of edge positions; 
· availability of remote signalling position transducer;
· discrete signalling of the OLTC each position;
· inhibition for switching-over at low temperatures;
· OLTC actuation quantity meter; 
· availability of heaters of the drive; 
· signalling of the heaters state; 
· mechanical indicator of the OLTC position on the cabinet of the drive; 
· possibility of connection to PACS in future
· outdoor cabinet of the OLTC remote control at the AIS, set;
· OLTC single drive for three phases;
· Mechanical indicator of the OLTC position in the drive, clearly identified and accessible for reading by operating personnel;
· Operation in the following modes: local control, remote control and automatic control;
· Capability of local manual mechanical operation, with override of electrical control;
· Ensuring of safe completion of switching operation in the event of loss of control current.
	
	Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
	

	572. 
	Voltage of OLTC Power Supply
· Electric Motors
· Control Circuits
· Signalling Circuits
	V ac
V ac
V dc
	~400, 50 Hz (3phases+N)
~230, 50 Hz (1phase+N)
=220
	

	
	Reliability Requirements
	
	
	

	573. 
	Mean-Time-Between-Failures, not less
	Hours
	25000
	

	574. 
	Operation Service Life, not less
	Years
	30
	

	575. 
	Guarantee time period: 
Warranty period for the entire supplied equipment shall be
· from the date of commissioning, or
· from the date of its receipt at the Employer’s storage location
Whichever  comes first
	Years
	5
5,5
	

	
	Transportation
	
	
	

	576. 
	· Movement on site should be possible on rails
· Fully assembled of transformer during movement to service plinth
	
	Yes
No
	

	577. 
	Transformer movement
	
	longitudinal transverse
	

	578. 
	Form of rollers
	
	With ribs
	

	579. 
	Width of rail as per GOST 11677-85:
· longitudinal movement; 
· transverse movement
	mm
	1524
2000
	

	580. 
	«Impact-indicators» on the transportation packing for movement conditions monitoring within the supply time period
	
	Yes
	

	
	Complete set, supply support
	
	
	

	581. 
	· Complete set of air-drying system; 
· The cooling system automatics cabinet in complete set; 
· The control cables complete set with protection for the cables to be laid along the tank; 
· Nitrogen gas in the amount required during temporary storage at site and for replenish  
· Spares in conformity with the Supply Complete Set Data Sheet, set
Transformer oil:
· In the amount required for complete filling-in;
· For process operations and replenishing during installation works
	
	Yes
Yes
Yes
Yes
Yes
Yes
10% of the amount of complete filling-in
	

	582. 
	Delivery 
- with no oil, it has to be filled with nitrogen gas during the transportation (the complete set includes the transformer oil in the amount, required for filling-in, process operations during the erection and oil additional filling-in up to the operation oil level).
	
	Yes
	

	583. 
	Technical support of supply (acceptance of the state and complete set together with the Manufacturer and the Supplier, installation supervision)
	
	Yes
	

	
	Documentation to be submitted at the supply
	
	
	

	584. 
	Complete Set Data Sheet
	
	Yes
	

	585. 
	Quality Certificate
	
	Yes
	

	586. 
	Origin Certificate
	
	Yes
	

	587. 
	Certificates for transformers and completing parts (products) of the system
	
	Yes
	

	588. 
	Technical Description and Operation Manuals or Operation Guidelines (which include the planned repair documentation) for the transformer, completing parts and systems
	
	Yes
	

	589. 
	Control diagrams of the Cooling Systems and OLTC
	
	Yes
	

	590. 
	Transfer-Acceptance Tests Protocols (Certificates)
	
	Yes
	


* to be determined by the transformer manufacturer  
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