16.17
TRANSFORMERS
16.17.1
Omitted
16.17.2
Omitted
16.17.3
Power Transformer
16.17.3.1
Electrical Ratings

The 13.8 KV primary to 480 V secondary liquid silicon power transformer shall be designed, manufactured, and tested in accordance with the latest ANSI and NEMA standards.  The transformer shall be a liquid silicon insulated copper transformer rated OA 500 KVA at 55°C(OA), 650 KVA at 65°C (OA), 750 KVA at 65°C (FOA), three phase, 13.8 KV delta primary to 208Y/120 V secondary, 60 Hz.  Transformer shall have a minimum BIL of 95 KV primary and 30 KV secondary.  Impedance shall be 5.75 percent and the sound level shall be 60 db for OA and 67 db for FA.

16.17.3.2
Construction

16.17.3.2.1
General


The transformer shall be self cooled by immersion in non-flammable liquid silicon .  Two 2.5 percent no-load taps shall be provided above and below normal on the primary side.  The silicone fluid shall be a clear, water-white liquid silicone polymer (polydimethylsiloxane) that has been specially processed to meet exacting dielectric specifications.  To obtain an optimum combination of heat transfer and fire-resistant properties, the transformer silicone fluid shall have a viscosity of 50 centistokes at 25°C and a minimum fire point of 300°C and oxygen index of 21. 



LIST 3 SOURCES; CHECK MANUF FOR RATINGS
16.17.3.2.2
Core


The core shall be rectangular cross section in both leg and yoke.  It shall be constructed of grain-oriented silicone steel laminations and utilizes mitered joints between legs and yokes to reduce size, sound and losses in the finished core.  The rectangular core legs shall serve as the main support for the coils and shall be clamped with structural members at the top and bottom yokes.  The top and bottom structural members shall be bolted  together with end channels after assembly of the coils on the legs.  This forms a compact structure of core and coil which restrains both axial and radial movement, essential to superior short-circuit strength.  In addition to the structure required to restrain the movement of the coils on the core, a compact super-structure shall be provided to support the leads and wedge-type, no-load tap changer which is designed to withstand the full short-circuit current of the transformer.

16.17.3.2.3
Windings


The transformer windings shall be epoxy coated rectangular copper windings wound  on a rectangular core.  The low voltage coils shall be wound on a rectangular form which simulates the rectangular core leg and serves as the main support for all the windings.  These coils shall be of sheet winding construction using strip conductors.  An adhesive-coated electrical-grade paper shall be used as the insulation between each low voltage turn.  The high voltage coils shall be wound, under tension, over the low voltage coils and shall be of layer-wound construction.  Film-insulated wire shall be used because it is less bulky than paper, has higher dielectric strength on a volts-per-mil basis, and does not tend to split or crack when small radius bends are made.  To provide insulation between each layer in the high voltage windings, an electrical-grade adhesive-coated paper shall be used.  After completing the winding process the high and low voltage coils shall be clamped to the desired dimensions.  They shall be oven baked at a temperature which causes the adhesive coating on the paper to bond the adjacent conductors and wires together.  The result shall be a winding structure which has high short-circuit strength and high electrical stress withstand capability.

16.17.3.2.4
Tank


The tank shall be a leak-resistant welded steel tank wrapping around the core-and-coil assembly.  The underside of the tank shall be accessible from the front and back, and allows the free movement of air, which helps to keep the underside of the tank dry and deter the formation of rust.  The high and low voltage welded flanges shall have no openings, which eliminates the possibility of rodent access to adjacent high and low voltage terminal equipments.  The tank cover shall be welded on to eliminate contamination in the atmosphere from entering the tank.  Cooling tube ends shall be swaged and submerged arc welded and are leak tested during the production cycle.  Two cooling tubes and fins assemblies shall be provided at both side of the tank symmetrically to achieve a uniform cooling effect for the fluid in the tank.  A single cooling tubes fins assembly is not acceptable.  Prior to painting, all equipment shall be shot blasted to white metal.  They shall be flow coated with one coat of primer and baked.  An intermediate flow coat of enamel shall be then applied and baked.  All equipment is for outdoor application, so that a third flow coat shall be applied and baked to give a minimum film thickness of two mils.  Final finishes shall be an air dry enamel which is applied by either the hot air spray or conventional cold spray methods.  The standard paint finish color shall be ANSI-Number 61, Light Gray.

16.17.3.2.5
Bushings


The high and low voltage bushings shall be bolted on porcelain constructions using time-tested gasketing techniques and materials which are compatible with the liquid dielectric to assure leak-free performance for the full life of the transformer.  Both high and low voltage bushings shall be externally removable without the necessity of removing the tank cover.  All bushing terminal pads shall be a silver plated copper plate.

16.17.3.3
Losses

Each transformer shall be designed for losses as low as possible.  The No-Load Loss (NL) and Total-Full-Load-Loss (TFLL) shall be provided in the bid specification for the bid evaluation.  The transformer price evaluations will be based on its Evaluated Price (EP) which includes the Initial Price (IP) in the bid quotation and the capitalized price for 20 years energy losses (PL).  The equation for (EP) will be shown as follows:


EP   = IP + (PLn x NL) + (PLl x LL)


LL   = Full Load-Loss = (TFLL - NL) in KW


where
PLn (Capitalized price for No-Load-Loss over  20 years) = $1,193 per KW


and
PL1 (Capitalized price for Load-Loss over 20  years normal operation) = $260 per KW.

16.17.3.4
Accessories

Transformer shall be fastened to the incoming and outgoing sections.  Transition sections shall be used where required.  Transformers shall be provided with the following accessories:



Combination drain, sampling device, and filter connection



Externally operated no-load tap changer



Filler plug and filter press connection



Thermometer with DPDT contacts



Cooling fans for 15 percent minimum capacity increase, 120 VAC, 60 Hz, single phase fan motor approximately 1/8 to 1/4 hp each 



Cooling fan control panel accommodating starters, selector switches, and other control devices



Provision for lifting and jacking



Pressure relief device



Nameplate



Ground pad



Pressure gauge and liquid level gauge



Sudden pressure relay



RTD and a temperature transducer to send an analog signal (4 to 20 mA or 0 to 10 VDC) to the UCS

16.17.3.5
Primary Section
16.17.3.5.1
Devices


The high voltage primary incoming sections shall consist of a reliable two position (open/close) air interrupter switch, current limiting fuses, surge arresters and high voltage cable clamp type terminal lugs.  An air interrupter switch shall be a stored energy operating mechanism type rated for 100A at 13.8 KV, three phase, three pole, 95 BIL with an interrupting capacity of 40 KA RMS asymmetric momentary close and hold for 10 cycles.  The stored energy mechanism shall provide a positive, controlled closing or opening stroke independent of the operator.  All air switches shall meet NEMA Standard SG-6.  13.8 KV, Current limiting fuses shall be provided in the compartment under the interrupter switch.  They shall provide interrupting capacity sufficient to clear a minimum 18 KA fault current.
16.17.3.5.2
Enclosure


The section enclosure shall be outdoor type enclosure with fuse compartment door mechanically interlocked with the interrupter switch.  Incoming cable entrance shall be from bottom.  Two observation windows of shatterproof safety glass shall be provided in the steel door.  

16.17.3.5.3
Surge Arrestors


Surge arresters shall be zinc-oxide valve element type arresters, rated 12 KV RMS, maximum continuous line-neutral voltage 10.16 KV RMS and maximum protective level of 36.7 KV.
16.17.3.6
Secondary Section

The Low Voltage Secondary Outgoing Section shall be an outdoor type metal enclosure attached to the transformer's secondary bushing flange.  The enclosure shall have an opening for connection to the overhead conduit leading to the building.
16.17.3.7
Cooling Fan Control

The Control panel shall consist of a control relay, an HOA control switch, 120V two pole, single phase manual starters with overload heater controlling each cooling fan provided with the transformer.  Control power shall be 120V single phase and will be provided from a transformer in the secondary cabinet.  Automatic mode of the fans will be controlled by the high set point of the transformer temperature switch.  The control panel shall also consist of an adequate number of terminal blocks to terminate the control wires or signal wires from the temperature switch RTD, sudden pressure switch and the power wires to the cooling fans.  This panel shall be all factory wired.  The control enclosure shall be outdoor type, NEMA 3R, securely attached to the transformer near the low voltage outgoing section.

16.17.2.8
Recommended Manufacturers


The  transformers and primary fused switches shall be General Electric, Westinghouse, RTE, or ASEA-Brown-Boveri (ABB).
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