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PART 1
GENERAL

1.1
RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General Conditions, Conditions of Particular Application and Division-1 Specification Sections, apply to work of this section.

1.2
DESCRIPTION OF WORK
This section covers the work of distribution transformers as required by the Contract and includes the following items:

1.3
REFERENCE STANDARDS

Except as modified herein, the equipment shall be designed, manufactured and tested in accordance with IEC Standard publication 60076 Parts 1 to 5 inclusive, latest edition.

1.4
submittals

Submit the following in accordance with Conditions of the Contract and Division-1 Specification Sections:

· Reference standard IEC publication or other approved international standard specification

· Materials list and manufacturer’s data sheet for each type of transformer

-
Shop drawings and wiring diagram of transformers

-
Rooms layout with all equipment inside

· Certificates of compliance

· Factory test certificates, as specified

-
Materials and equipment manuals

-
Post-installation test procedures

-
Final test report


1.5
delivery, storage and handling

Transformers shall be crated, as required, conditioned and shipped.

Auxiliary devices shall be designed for easy installation on Site and shall be packed and shipped separately.

Store transformers protected from weather and so condensation will not form on or in transformers components.  Provide temporary heaters in accordance with manufacturer’s recommendations to prevent condensation.

Handling shall be in accordance with manufacturer’s instructions.  Use factory installed lifting provisions.

PART 2
PRODUCTS

2.1
GENERAL
Transformers in the context of this Specification shall comprise assemblies of a magnetic core, primary and secondary windings, supporting framework and enclosure (if it is required).

Materials and equipment shall be new and completely assembled, wired and tested at the factory.  Distribution transformers shall be designed for 3‑phase, 50 Hz continuous operation.  Rating and stipulated capacity shall be continuous site-rated capacity under all encountered environmental and climatic conditions.

2.2
characteristics
Distribution transformers shall be designed according to cast resin dry type, with environmental conditions Class E2, climate Class C2, and fire Class F1. Transformers should be natural air cooled (AN) . Aluminium or Copper conductors shall be used for both of high and low voltage windings and terminals. 

Measurement of sound levels shall comply with IEC Publication 60076-10.  

2.2.1
Mechanical Requirements:  The transformers shall be capable of withstanding, on any tapping, without damage under service conditions, the electromagnetic forces arising under short circuit conditions, as determined from the asymmetrical peak value of the current in the windings.

2.2.2
Thermal Requirements:  The transformer shall be capable of withstanding, on any tapping, without damage under service conditions, the thermal effects of a short circuit at the terminals of any winding for the following duration:

· 34,5 kV transformers should be wait 3 sec. under 170kV.
· 24 kV transformers should be wait 3 sec. under 75 kV.
· 12 kV transformers should be wait 3 sec. under 60 kV.

Mechanical Forced Ventilation: The mechanical forced ventilation shall be employed to further cool the transformer windings and thus increase the performance rating during short highly loaded periods.

The cooling system shall be automatically controlled by PTC100 sensors which are in the windings.

Fans shall be direct driven by an internally fitted external rotor type motor with extended lubricators.

Each motor shall be supplied from a starter, complying with IEC standards and shall be housed in a purpose-made cabinet also accommodating automatic control elements and status indication lamps.

The duty of each fan shall be identical and selected so that the total quantity of air delivered is sufficient to maintain the transformer temperature within the specified limits.

Fans shall be tested to IEC Standards.  Impeller shall be mild steel to and of welded construction, bearings roller type or sealed for life.  Fan scrolls shall be of welded construction.

For shaft powers below 1kW stamped formed strip impellers may be used provided required efficiency and balance grade can be achieved.

Where fan static pressure is less than 1 kPa lock-formed joints and spot welds may be used.

Fans and ductwork shall have a fully protective paint system to the same standard as the core construction.

Thermal Protection:  Each transformer shall be provided with a system of thermal protection and temperature monitoring.

Temperature sensing thermistors shall be mounted in each LV coil as close as practicable to its hot spot.  The thermistors shall be wired back to an electronic controller fitted on the transformer.

The thermistors shall be used to indicate winding temperature, and provide alarm and trip indication, and to operate forced cooling fans and trip LV circuit breakers.  Volt-free contacts shall be provided for relaying signals to the building automation system (BAS).

Wiring from the thermistors to the temperature controller shall be carried out with single core copper cables to IEC standards with LEF insulation.  Cables shall be contained in galvanized steel conduit supported from the transformers steel work.

The temperatures at which the cooling fans shall be switched on and off shall be adjustable within preset limits.

The starter assembly for the cooling fans shall comply with the specification.  A warning label shall be fixed adjacent to the main isolating switch bearing the inscription.

Performance

· Permissible overload capacity without undue heating shall be 20% for 1-1½ hours.

· Winding temperature rise by resistance shall not exceed 100ºC.

2.3
terminations

High and low voltage terminations shall be complete with capable glands as necessary.

An earthing terminal shall be provided at a convenient point on the supporting steel work.  All steel work shall be bonded to the earthing terminal if it is not electrically continuous.  Provision shall be made for making an earth connection to the neutral of the LV windings, should this be required.

H.V. and L.V. winding terminals shall be clearly marked with characters in accordance with IEC 60 076-4.  The characters shall be stamped or engraved on securely fixed, durable and non-corrodible plates.

2.4
Core

Distribution transformer’s core shall be built-up from grain-oriented stress relieved cold-rolled silicon sheet-steel laminations, insulated on both sides.

The lamination shall be clamped at top and bottom by steel channels, which are interconnected by vertical steel bolts. The bottom steel channels shall be used to support the transformer and the top steel channel shall incorporate lifting lugs.

The bottom core clamping channels shall be bolted to supporting steel cross​-channels placed at 90° to the transformer length, such that the whole unit is stable and able to support the whole weight of the transformer with a safety factor of two. Wheels shall be fitted to the cross-channels which shall be bi​directional or steerable.

To protect the core against corrosion and improve noise levels the core assembly shall be coated after assembly with resin based paint.

The supporting cross-channels shall be insulated from the core-clamping channels by anti-vibration pads.

The core-clamping and supporting steel work after all forming, drilling and shaping operations shall be thoroughly digressed and rinsed prior to application of a zinc phosphate primer, rinsed again and finally coated with an oven baked epoxy paint.

2.5
windings
Each transformer shall be of double wound type with both the HV windings individually encapsulated in rigid steel mould. The coils shall be impregnated with quartz filled epoxy resin and cast under vacuum, to produce a smooth finish without voids and undulations.

The size and spacing of the conductors used in the windings shall be such that the coils are self-supporting prior to impregnation and where applicable, shall allow the epoxy resin to fill all of the space in and between adjacent layers and turns.

The coefficients of expansion of the windings and epoxy resin shall not differ by more than 15%.

The windings shall be made of aluminium or copper.

2.6
Tap changing facilities
Each transformer shall be provided with tapping on the HV winding to cater to supply voltage variations in the range ± 2.5% and ± 5% in compliance with IEC 60 076.


Tap changing shall be effected by off circuit tapping links.

A visible warning notice shall be fixed adjacent to the tapping links and worded as follows:

             
Off load tap changer will be incluaded.
2.7
standard accessories
Each distribution transformer shall be equipped with the following accessories:

-
Lifting lugs for complete transformer.

-
Skid base with jacking and pulling provisions.

-
4 wheels
-
One thermal control relay
-   One fan relay if required

-
Diagramatic weatherproof stainless steel engraved or etched nameplate.  The nameplate shall show full rating of transformer, voltage and tap ratios, impedance, weight, vector diagram, temperature class and temperature rise, etc.. and shall bear a connection diagram showing studs, tap changers and other parts.  Nameplate shall be in English.
2.8
TECHNICAL REQUIREMENTS
The requirements shall be modified as the following charts.
	IEC Compliance
	60076-11 “Dry Type Transformers”

	Number of Phases
	3 Phase

	Supply Frequency  (Hz)
	50 Hz

	Vector Group 
	Dyn 11

	Impedance at 75ºC (Uk %)
	4-6%

	HV Tapping (% of no-loads volts)
	( 2.5% ( 5%

	Method of Cooling
	forced for 40 % extra rating if required

	Secondary Voltage
	400 V

	Paint Finish Color
	Manufacturer standard

	HV Conductor and Type
	Top entry xlpe cables

	LV Conductor and Type
	Top entry busbar

	Indoor or Outdoor Installation
	Indoor  

	Space Limitations
	Refer to layout drawings

	Winding Material (HV)
	Aluminium or Copper

	Winding Material (LV)
	Aluminium or Copper


Sound Power Level :  

[image: image1.png]Power (cVA) [400] 630 | soo | 1000 | 1250 | 1600

Sound Level (@B) 69 | 71 | 72 73 75 76





2.9
Testing inspection and commissioning
2.9.1
Routine Works Tests: Routine tests as called for in IEC 60726 shall be carried out on each transformer at the manufacturers works in the presence of the Engineer.

The tests to be carried out shall include, but not necessarily be limited to:

· Winding resistance on nominal tapping 

· Voltage ratio and vector relationship

· Load loss and impedance

· No-load loss and current

· Inducted over voltage test at 2 times rated voltage 

· Insulation resistance

- 
Partial discharge at I.3 times nominal voltage
The works tests shall comply with the requirements of this Specification.

2.9.2 
Type Tests: Type tests to IEC 60076 shall be carried out on a transformer to the same design as the transformers detailed in the Tender. Test certificates shall be supplied with the Submittals.

2.9.3 Partial Discharge Tests: Partial discharge measurement shall be performed by the manufacturer in accordance with IEC Publication 60270 and Appendix A of IEC- 60 076-3.
2.9.4 Losses : The losses should be like the following chart .

[image: image2.png]Voltage (kV) | Power | Nodoad Losses Load Losses
(kva) Pb @)
W) 20
(W)
400 1100 5400
630 1500 7750
F‘°1'g‘g 11:\\; to 1000 2150 10550
k 1250 2600 12600
1600 3050 15500
400 1650 5700
630 2200 8000
PRV 1000 3100 11500
1250 3650 13750
1600 4200 17000





2.9.5 Special tests : The Special tests have given in the following chart.
[image: image3.png]Standards: HD 464 S1/A2

Classes Humidity | Climatic Fire
Pollution Behaviour
Tests Clauses | Eo| B | E;| C1| C; |Fo| Fi| Fy
1) Low ambient temperature | ZB.2 - [Yes[Yes® | - | - | -
2) Thermal shock at -5°C ZB3.1 |- - [Yes| No |- | -] -
3) Thermal shock at -25°C ZB32ab | - | - | - [No| Yes |- | - | -
4)Condensation test ZA21 No|Yes|No| -| - [-|-]-

5) Condansation and humidity |ZA2.2a | No| No |Yes| - | - |- | - | -
penetration test

6) Fire behaviour fest ZC2ZC3| - | - | - | - | - Yes | Yes
No
7)Operation under external Fire- - - - [ - - |No|No|Yes
to be defined

%) (Not necessary if Test ZB.3.2a is undertaken)





PART 3     
EXECUTION

3.1
Inspection

Inspect each transformer and related accessories for damage, defects and completeness before installing.  Inspect previously installed related work and verify that it is ready for installation of instruments and equipment, if any.

Do not proceed with work until unsatisfactory conditions have been corrected.

3.2
Preparation

Transformer room shall contain no water, soil piping or ventilation ductwork.

Ventilation shall be automatically controlled in accordance with the transformer manufacturer’s recommendations and/or national and local codes.

Ensure that installation areas are clean and that construction operations are completed prior to installing equipment.  Maintain the areas in a broom-clean condition during installation operations, and should be arranged such that solar radiation has minimum effect on the cooling.

3.3
Installation

Perform all interconnecting wiring and grounding as indicated, specified and required including cables, conductors, terminals, connectors, wire markers, conduits, conduit fittings, supports, hardware and all other required materials.  Provide electrical materials and complete required electrical installations in accordance with the requirements specified in Division-16 Specification Sections.

Install transformers as indicated in accordance with manufacturer's written instructions, requirements of applicable standards, and in accordance with Utility Company and local authority requirements to ensure that installation complies with requirements and serves intended function.

Coordinate as necessary to interface installation of transformers with related switchboards and other work.

Tighten electrical connectors and terminals, including screws and bolts, in accordance with equipment manufacturer's published torque tightening values for equipment connectors.

Provide protective covering during construction.

Touch-up marred or scratched surfaces to match original finish. 

Adjust fans when so furnished for free mechanical movement.

3.4
installation supervision

Furnish the service of an approved engineer, with an additional cost, specially trained and experienced in the installation of the equipment to:

-
Supervise the installation in accordance with the approve material and equipment manuals, and

-
Inspect, check and adjust as necessary until all troubles or defects are corrected and the installation and operation are acceptable.

3.5               Field quality control

3.5.1
Prior to energization of transformers and related distribution equipment:

-
With manufacturers approval, perform phase-to-phase and phase-to-earth insulation resistance tests utilizing a megohmmeter with minimum test voltage output of 5 000 V DC with a minimum resistance of 25000 megohms. The test duration shall be for 10 minutes with resistance tabulated at 30 seconds, (1) minute and 10 minutes.  Dielectric absorption ratio and polarization index shall be calculated.

· Check transformers for continuity and for short circuits. 

·  Notify Engineer of any abnormalities.

3.5.2
Subsequent to wire and cable hook-ups, energize transformers and demonstrate functioning. in accordance with requirements.

3.5.3
Provide manufacturer's recommended DC high potential test for transformers and verify acceptability of results prior to energizing.

3.5.4 
Upon completion of installation of equipment, and after circuitry has been energized, test equipment to demonstrate compliance with requirements. Where possible, correct malfunctioning units and then retest to demonstrate compliance.

3.6
system validation

Provide the services of approved trained and field experienced engineers, at no additional cost to the Employer, to validate each system and verify that each system is operational and performing its intended function within system tolerances as specified hereinafter and detailed in the approved post-installation test procedures.  Validate each system by simulating inputs.

Check all systems thoroughly for correct operation.  Test equipment for this function shall be furnished by the Contractor.

Immediately correct all defects and malfunctions disclosed by tests.  Use new parts and materials as required and approved and retest.  Provide a report certifying completion and validation of each system.
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