4.X
4160 V UNIT SUBSTATION
4.X.1
General
4.X.1.1
This specification covers one outdoor, non walk-in type, double ended unit substation.  The unit substation shall consist of two 5000 KVA, 13.8 KV/4160 V transformers and a 4160 V metal-clad switchgear unit.

4.X.1.2
Each transformer shall be fastened to the primary and secondary sections.  Connections between the primary device and transformer shall be cable, and connections between the transformer and switchgear unit shall be rigid or flexible copper bus through the secondary section.

4.X.1.3
The switchgear unit shall be assembled with six double-stacked breaker sections and two bus-transition sections.  The six breaker sections shall accommodate nine breaker cells, one bus tie cell and two auxiliary cells for PT's and CPT.  The switchgear unit shall provide five 4160 V draw-out vacuum breakers.

4.X.1.4
The unit substation shall be of NEMA 3R waterproof construction, shall be rodent-proof and shall contain 120 V space heaters, receptacles and lighting.

4.X.1.5
Units shall be painted light gray 61 for indoor or outdoor service.

4.X.1.6
The unit substation shall be designed, assembled and tested in accordance with latest applicable standards of NEMA, IEEE and ANSI, applicable to its three major sections.

4.X.1.7
The manufacturer of the unit substation shall furnish and coordinate all major components of the substation, such as incoming primary sections, transformers,secondary sections and switchgear section.  Refer the one-line diagram and plan layout/section view shown on Page 2 and 3 respectively.

4.X.2
Primary Section
4.X.2.1
The high voltage primary incoming section shall consist of a two position (open/close) air interrupter switch, current limiting fuses, surge arresters and high voltage cable clamp-type terminal lugs.  The air interrupter switch shall be a stored-energy operating mechanism type rated for 600 A at 13.8 KV, three phase, three pole, 95 KV BIL with an interrupting capacity of 40 KA RMS asymmetric momentary close and hold for ten 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.

4.X.2.2
Current limiting power fuses rated at 13.8 KV, 300E shall be provided in the compartment under the interrupter switch.  They shall provide interrupting capacity sufficient to clear a 32 KA minimum fault current.

4.X.2.3
The section enclosure shall be outdoor type enclosure with fuse compartment door mechanically interlocked with the interrupter switch.  Incoming cable entrance shall be from top or bottom.  Two observation windows of shatterproof safety glass shall be provided in the steel door.

4.X.2.4
Lightning arresters shall be provided and be zinc-oxide valve element type, rated 12 KV RMS, maximum continuous line-neutral voltage 10.16 KV RMS and maximum protective level of 36.7 KV.  Surge arrestors shall be GE Tanquell station surge arrester, 9L11RGA012.

4.X.3
Transformer

4.X.3.1
Ratings


The ratings of the transformer shall be as follows or as shown on the drawings:



KVA Rating
5000 KVA @ 55°C (OA), 6250 KVA @ 55°C (FA)



Impedance
6.5%



HV
13.8 KV delta



HV BIL
95 KV @ 13.8 KV



HV Taps
Two +/-2.5% full capacity



LV
4160 V wye



LV BIL
60 KV



Sound Level
65 dB for OA, 67 dB for FA

4.X.3.2
Construction

4.X.3.2.1
The transformer shall be high flash-point liquid silicone filled and shall be in accordance with the latest edition of the N.E.C.  The silicone fluid shall have a viscosity of 50 centistokes at 25°C and a minimum boiling point of 300°C and oxygen index of 21.

4.X.3.2.2
The transformer shall carry its continuous rating with average winding temperature rise not exceeding 55°C with a maximum ambient of 40°C over 24 hours.  The insulation system shall allow an additional 12 percent KVA output at 65°C average winding temperature rise by resistance, on a continuous basis, without any decrease in normal transformer life.

4.X.3.2.3
The transformer shall include all devices, wiring, fans and auxiliary equipment necessary for automatic temperature controlled forced air cooling to obtain an additional 25 percent capacity.

4.X.3.2.4
The transformer shall be designed to carry short time emergency overloads in accordance with ANSI C57.12.92 as applicable.  Duration and magnitude of designed withstand capability shall be as outlined in ANSI C57.12.90 and the latest draft of the IEEE Short Circuit Test code.

4.X.3.2.5
The main transformer tank and attached components shall be designed to withstand pressures 25 percent greater than the required operating design value without permanent deformation.  Construction shall consist of carbon steel plate reinforced with external sidewall braces.  All seams and joints shall be continuously welded.

4.X.3.2.6
Two symmetrically configured radiator assemblies shall be mounted on the main tank.  Each radiator assembly shall be individually welded and receive a quality control pressurized check for leaks.  The entire tank assembly shall receive a similar leak test before tanking.  A final six hour leak test shall be performed after the transformer is tanked, welded and completed to ensure that there are no leaks before shipment.

4.X.3.3
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.

4.X.3.4
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 with 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.

4.X.3.5
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.

4.X.3.6
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.

4.X.3.7
Accessories


Combination drain, sampling device, and filter connection



Externally operated no-load tap changer with cover mounted, padlockable handle



Filler plug and filter press connection



Thermometer with DPDT contacts



Cooling fans and control panel



Provision for lifting and jacking



Base designed for skidding or rolling in two directions



Pressure relief device



Nameplate



Two ground pads with continuous ground between



Welded-on main tank cover and handhole in cover



Pressure gauge and liquid level gauge



Sudden pressure relay



Cooling fans for 25 percent (minimum) capacity increase, 120 VAC, 60 Hz, single phase fan motor, approximately 1/4 hp each



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



RTD and temperature transducer to send a 4 MA to 20 MA, or 0V to 10V, DC analog signal to the UCS

4.X.3.8
Cooling Fan Control
4.X.3.8.1
The control panel shall consist of a control relay, an H-O-A control switch, 120 V two pole single phase manual starters with overload heater controlling each cooling fan provided with the transformer.  Control power shall be 120 V single phase and will be furnished from a breaker circuit in the switchgear.  Automatic mode of the fans will be controlled by the high set point of the transformer temperature switch.

4.X.3.8.2
The control panel shall also consist of an adequate number of terminal blocks to terminate the control wires or signal wire 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.

4.X.3.9
Factory Tests
4.X.3.9.1
The following factory tests shall be made on all transformers, although not necessarily in the order listed (All tests shall be in accordance with the latest revision of ANSI Test Code C57.12.90 and NEMA TRI.):



Resistance measurements of all windings on the rated voltage connection of each unit and the tap extremes of one unit only of a given rating on this project



Silicone oil dielectric strength, neutralization no. and water content



Ratio tests on the rated voltage connection and on all tap connections



Polarity and phase-relation tests on the rated voltage connections



No-load loss at rated voltage on the rated voltage connection



Exciting current at rated voltage on the rated voltage connection



Impedance and load loss at rated current on the rated voltage connection of each unit and on the tap extremes of one unit only of a given rating on this project



Temperature test(s) shall be made on one unit only of a project covering one or more units of a given KVA rating.  Tests shall not be required when there is available a record of a temperature test on an essentially duplicate unit.  When a transformer is supplied with auxiliary cooling equipment to provide more than one KVA rating, temperature tests as listed above shall be made on the lowest KVA OA or FA rating and the highest KVA FA rating.



Applied potential test



Induced potential tests

4.X.3.9.2
Results of the above tests including no load loss data shall be submitted with final drawings in the form of certified test reports.

4.X.3.10
Finish

Prior to painting, all equipment shall be shot blasted to white metal and 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.

4.X.3.11
Recommended Manufacturers

The recommended manufacturers for the substations are General Electric, Westinghouse, Toshiba and ASEA-Brown-Boveri (ABB).

4.X.4
Switchgear Unit
4.X.4.1
The 4160 V metal-clad switchgear unit and all components shall be designed, manufactured and tested in accordance with the latest applicable standards of NEMA SG-4 and SG-5, IEEE, and ANSI 37.20.2.

4.X.4.2
The circuit breaker shall be of the same manufacturer as the metal-clad switchgear.  The switchgear shall be Westinghouse VacClad-W, GE Power/VAC.

4.X.4.1
Electrical Ratings
4.X.4.1.1
Switchgear Unit



4160 V  metal-clad switchgear.



Three phase, three wire, 1200 A, 250 MVA, 60 KV BIL. Bus.



Outdoor NEMA 3R non walk-in, double door, double stacked enclosure.

4.X.4.1.2
Breaker Units

The breakers shall have the following ratings and accessories:



1200 AF 250 MVA draw-out type vacuum breaker units



CT's in the cells rated as shown on the one-line diagram



Electric motor operated stored energy and capacitor trip type



240 V AC, single phase control voltage



A microprocessor solid-state overcurrent protection relay on the cell door



A microprocessor solid-state data device on the cell door

4.X.4.1.3
Buses



1200 A main bus



Insulated rigid copper bar bus with silver plated joints



250 MVA bracing



600 A bare copper ground bus



600 A isolated neutral bus

4.X.4.1.4
Control Power Supply



Two 15 KVA single phase transformers



120 V/240 V secondary (power for the breaker control, space heaters, lighting and receptacles)

4.X.4.2
Enclosure

The switchgear enclosure shall be NEMA 3R outdoor non walk-in, double-stacked double-door type metal-clad switchgear enclosure.  All sections shall be furnished with thermostatically controlled 120 VAC space heaters of sufficient size to prevent condensation within the enclosure.   The enclosure shall be a manufacturer's standard switchgear enclosure meeting all applicable standards.  A breaker hoist mechanism shall be provided to facilitate lifting and moving the circuit breakers to the front of the enclosure.  Overall dimensions shall be according to the attached sketch to fit into the existing area.

4.X.4.2.1
Sections
4.X.4.2.1.1
The enclosure shall consist of two transition sections and six double-stacked vertical breaker sections containing 12 standard cells.  There are to be nine complete breaker cells, one tie bus with auto-transfer-control (ATC), and two PT/CPT auxiliary cells.

4.X.4.2.1.2
The entire enclosure construction shall be of the metal-clad type with a heavy gauge steel barriers, partitions, and cable chimneys, per code requirements.  The partitions between adjacent vertical sections shall be double-thick steel.  the solid but removable metal barriers shall isolate the 4160 V main bus and breaker terminal sections.

4.X.4.2.1.3
All inside and outside steel surfaces shall be given a phosphatized cleaning treatment and shall be primed.  The finish shall consist of a coat of baked enamel.

4.X.4.2.2
Breaker Cell

4.X.4.2.2.1
Each breaker compartment shall be an enclosed metal cell with a hinged inner front door and a rear door.  The space between the cell wall and breaker face plate shall be minimized to provide maximum protection to personnel.  Each breaker cell shall be equipped with extension rails to facilitate the breaker withdrawal.  The rail shall allow the breaker to completely clear the cell for inspection.  The breaker shall have provision for padlocking in the open position which shall also prevent changes in the breaker position.

4.X.4.2.2.2
Each circuit breaker shall have frame-mounted casters to permit rolling of the breaker after removal from the cell.

4.X.4.2.2.3
A manually and remote power operated Jackscrew racking mechanism shall be provided in each breaker compartment to move the breaker between the "Connected" and the "Test/Disconnected" positions.

4.X.4.2.2.4
The mechanism for levering the breaker shall be cell-mounted and shall include all of the necessary interlocks to render the breaker mechanism mechanically and electrically trip free during the levering procedure.  In addition, the system shall spin free at the end of breaker travel to connect or disconnect.

4.X.4.2.2.5
An interphase barrier shall be self-contained in the circuit breaker compartment, and the compartment shall be equipped with an interlock that prevents insertion of the breaker element if the interphase barrier is not in place.

4.X.4.2.2.6
Other interlocks shall be provided to prevent the closing of a breaker between operating and test positions, to trip breakers upon insertion or removal from housing, and to discharge stored energy mechanisms upon insertion or removal from the housing.  The breaker shall be secured positively in the housing between and including the operating and test positions.

4.X.4.2.3
Metering/Instrumentation


Each breaker cell shall be equipped with current transformers and a solid-state microprocessor-based integrated data device (Westinghouse IQ Data Plus II and PONI Card), overcurrent protective relay (WH MMCO), breaker control switch, and WH addressable relay for remote supervision and control.  The devices shall be mounted on the inner front door.

4.X.4.2.4
Connections

4.X.4.2.4.1
All cells shall have three phase copper bar bus connections and circuit breaker studs ready to accept the breaker unit.  Solderless type terminals on silver-plated copper extensions for the outgoing cables shall be provided on the other end of the circuit breaker studs.  The stationary stud-contacts shall be silver-plated and recessed within porcelain insulating tubes.

4.X.4.2.4.2
Grounded metal safety shutters shall be provided to cover and isolate all stationary primary contacts disconnected in the circuit breaker compartment when the breaker is withdrawn from the "Connected" position.  The shutters shall be mechanically driven, both open and closed by the racking mechanism.  A contact shall ground the breaker throughout the travel from disconnected to racked-out position.  Each breaker element shall be capable of being levered out or drawn out using a remote-controlled, motorized levering device.  The jackscrew operator shall be operational with the door closed with positive visible breaker position indicator.  The mechanism shall be operational in emergencies with standard ratchet tools.

4.X.4.2.5
Control Wiring


The terminal blocks with integral-type barriers shall be provided for control circuits. The terminal blocks shall be mounted at the rear of the units and shall be accessible through a removable cover.  The cross control wiring between bays shall be protected by dedicated steel wireways.  All wiring shall be bundled and secured with the nylon ties.

4.X.4.3
Main Bus
4.X.4.3.1
The main bus compartment shall be completely enclosed by grounded metal barriers.  The bus shall be provided with front access through removable panels.

4.X.4.3.2
The main bus shall be rated 1200 A continuous, and shall consist of insulated high conductivity cooper bars, silver plated at the joints.  Bus bars shall be rated in accordance with ANSI standards of temperature rise and shall be braced to withstand the magnetic stresses developed by currents equal to the main power circuit breaker  close, carry, and interrupt ratings.  The temperature rise of the bus and connections shall be documented.

4.X.4.3.3
Bus bracing and insulators shall be furnished for all horizontal bus and vertical bus raiser to allow rigid installation of rated 250 MVA withstandability.

4.X.4.3.4
The main bus bars shall be supported on track-resistant, molded--polyester-glass supports with a porcelain insert.  The main bus shall be insulated over the entire length with flame retardant, track-resistant epoxy applied by the fluid-dip process to a thickness that withstands the dielectric test specified in ANSI 37.20.  All silver plated bus joints shall be properly bolted with at least four bolts.  The bus overlap area shall exceed at least ten times the bus cross-sectional area and shall be insulated with pre-formed vinyl boots secured by reusable nylon hardware.  Shipping breaks and provisions for future bus extensions shall be provided with the necessary bus splices.

4.X.4.4
Draw-Out Breaker Units
4.X.4.4.1
The circuit breakers shall be of the vacuum breaker, horizontal draw-out type, rated 5000 V, 60 Hz, with a continuous current frame rating of 1200 A and a nominal interrupting rating of 250 MVA.

4.X.4.4.2
Each circuit breaker shall successfully pass a 300 operation close-open test cycle.  Certified test reports on each breaker shall be submitted to Martin Marietta Manned Space System for approval prior to shipment.

4.X.4.4.3
The circuit breakers shall be operated by a stored-energy mechanism.  The stored-energy mechanism shall be front accessible and shall be charged normally by a universal electric motor.  The stored-energy mechanism shall also be equipped with a front accessible manual handle for emergencies.  The stored-energy operating mechanism shall allow slow closing of the contacts for inspection or adjustment.  The primary disconnecting contacts shall be silver-plated copper.

4.X.4.4.4
Each circuit breaker shall contain three vacuum interrupters separately mounted in a self-contained, self-aligning housing which can be removed as a complete unit.  The movable and fixed-end subassemblies and ceramic sleeves of the interrupter shall be brazed together in one step in a vacuum furnace so that the finished bottle has no surface imperfections.  The vacuum interrupter pole unit may be mounted on glass polyester supports.  A contact wear gap indicator for each vacuum interrupter shall be easily visible when the breaker is withdrawn on the extension rails.  The current transfer from the vacuum interrupter moving stem to the breaker main conductor shall be a non-sliding design.  The breaker front panel shall be removable when the breaker is withdrawn for ease of inspection and maintenance.

4.X.4.4.5
Each circuit breaker vacuum bottle assembly shall have a direct-reading contact-erosion indicator which is not influenced by mechanical wear.  Each vacuum bottle shall be separate and independent from the others in the assembly and shall be individually replaceable.

4.X.4.4.6
The circuit breakers shall be equipped with secondary disconnecting silver-plated contacts, which shall automatically engage in the breaker operating position, and can be manually engaged in the breaker test positions.

4.X.4.4.7
Interlocks shall be provided to prevent moving the breaker to or from the operating position unless its contacts are in the open position.  The operating springs shall be discharged automatically when the breaker is rolled fully into the compartment or is moved into the disconnect positions.  Means shall be provided for padlocking the breaker in either the connected or disconnected position.  When locked in the disconnected position, the breaker shall be removable from the compartment.  Padlocking shall not interfere with the operation of the breaker or of its mechanism.

4.X.4.4.8
The circuit breaker shall provide sufficient auxiliary control contacts for all control devices, functions, alarm indications, and interlocks plus a minimum of two NO and two NC spare contacts.

4.X.4.4.9
All circuit breakers shall have 240 V AC control circuits for "Close" and Trip" functions.  A termination point shall be provided for connection of the control power circuit.  The breaker shall be a capacitor-trip type.

4.X.4.4.10
All circuit breaker hardware, frame, or conducting members shall be either at ground potential or shall be at line potential, shielded from accidental contact by operation or maintenance personnel.

4.X.4.4.11
A control power secondary disconnecting mechanism shall be provided in a readily accessible and visible location on the face of the circuit breaker.

4.X.4.4.12
All circuit breakers shall be complete with a mechanically actuated operations counter visible from the front of the cell.

4.X.4.5
Automatic Transfer Control
4.X.4.5.1
Operation


The automatic transfer control (ATC) panel shall operate the two main circuit breakers and the tie breaker.  Normal operation shall be with tie breaker open and the two main breakers closed.  Upon the loss of proper voltage at the line side of either one of the main breakers, that main breaker shall open, and the tie breaker shall close.  Upon the recovery of the lost voltage, the transferring action between  main and tie breaker shall occur after a three minute minimum delay.  The main breaker shall reclose before the tie breaker opens.

4.X.4.5.2
Features


The transfer equipment shall have the following features:



Three phase voltage sensing on normal sources



Delayed return/automatic



Manual-automatic mode selector switch



Test switch - simulates loss of normal line



Breaker control switches for manual operation



Indicating lights - breakers open (green) or closed (amber)  breakers tripped by overcurrent (red), source power available (clear), operating in manual mode (blue)



Overcurrent trip lockout - electrical and mechanical



Breakers interlocked in automatic mode to prevent paralleling the sources



Position switches in draw-out housing bypass and disconnect functions



Control power transfer relays and load breakers to two switchgears

4.X.4.6
Instrumentation
4.X.4.6.1
Breaker Trip Unit


The breaker trip units shall be Westinghouse MMCO integrated solid-state over-current relay consisting of a trip device incorporating the following variable trip characteristics with the ranges indicated:



Long Delay Pickup (LDP):
(0.5, to 1.25) x 5 A X CT ratio



Long Delay Time Band at 6 x A:
(4 to 38) seconds



Short Delay Pickup (SDP):
(2 to 10) x 5 A X CT ratio



Short Delay Time Band at 2.5 x (SDP):
(0.5 to .18) seconds



Instantaneous pickup:
(2 to 12) x 5 A X CT ratio



Ground fault pickup:
(0.2 to 0.7) x 5 A X CT ratio



Ground time band:
(0.5 to 0.22) seconds

4.X.4.6.2
Data Device


An integrated microprocessor based solid-state data device, consisting of A, V, W, W (demand), VAR, PF, FQ, and KWH metering, Westinghouse IQ Data Plus II, with an addressable relay and a PONI Card data highway coupling device shall be provided in each breaker cell.

4.X.4.7
Instrument Transformers
4.X.4.7.1
All instrumentation circuits shall be complete with all the necessary current transformers, potential transformers, terminal blocks, and shorting blocks to install the metering and relaying.  All instruments shall be switchboard type with accuracy ratings of one percent or better.  All CT's and PT's shall be of the ANSI accuracy class to match the instrument served.

4.X.4.7.2
Current transformers for relaying and instrumentation shall be the ring-type mounted over the stationary primary disconnect bushings and accessible through the front of the breaker compartment.  Current transformers shall have ratios as indicated on the done-line diagram of page 2.

4.X.4.7.3
Current transformers for ground sensor relaying shall be a type specifically designed for the application and shall be as recommended by the relay ,manufacturer for use in combination with the ground sensor relay furnished.

4.X.4.7.4
Potential transformers shall be draw-out type, equipped with current-limiting fuses, and shall have an accuracy as required by the details of each switchgear unit.  Potential transformers shall be wound for 60 Hz, 4160:120 V service.  All draw-out mechanisms shall be complete with disconnect and automatic grounding provisions.

4.X.4.7.5
Potential transformer primary connections to the main bus shall be made by means of rigid epoxy-insulated copper bus bars with silver-plated connection points.  Voltage transformers or control power transformers up to 15 KVA, single phase shall be mounted in draw-out drawers contained in an enclosed auxiliary compartment.  Withdrawal of these auxiliaries shall operate shutters to cover high voltage stub openings.  Extendable rails shall be provided to withdraw drawer from cell to facilitate easy inspection, testing and fuse replacement.

4.X.4.7.6
Draw-out trays shall be complete with polyester or grounded steel barriers to provide operator shielding when in the withdrawn position.

4.X.4.7.7
The primary and secondary connections of each bank of three potential transformers shall provide a "Wye-Wye" connected three phase transformer with a grounded secondary neutral.

4.X.4.7.8
Instrument transformers shall be wired to terminal strips for wiring to the remote consoles by others if necessary.  Current transformers shall be terminated on short circuiting terminal blocks.  Terminals shall be provided to receive relay trip contact closure.

4.X.4.7.9
A mechanical interlock shall be provided for control power transformers to require the secondary breaker to open before the drawer can be withdrawn.

4.X.4.8
Control Power Transformers


Two 15 KVA, single phase, 4160 V-240/120 V control power transformer with primary fuses



One 100 A, 240 V/120 V power panel with one pole or two pole, 20 A molded case circuit breakers



One 100 A, AC 240 V, two pole transfer switch consisting of two contactors mechanically interlocked with each other, voltage sensing relay, automatic transferring control circuit between prime and stand-by power sources, an operating switch, a manual-auto selector switch and indication lights.  Control power for transformer switch shall be 120 V AC.  Only one set of transfer switches is required.

4.X.4.9
Lightning Arrester
4.X.4.9.1
The vendor shall install one set (three units) of three KV lightning arresters in all breaker cubicles, except the tie breaker.

4.X.4.9.2
The lightning arresters shall be the station class, gapless, solid-state, metal-oxide surge arresters for cubicle mounting.

4.X.4.9.3
Westinghouse type SMX  or GE Tranquell, are acceptable.

4.X.4.10
Accessories

4.X.4.10.1
All compartments shall be provided with a nameplate.

4.X.4.10.2
All nameplates shall be two ply laminated engraved phenolic with black letters on a white background.  The edges shall be beveled and the inscription shall be as specified herein or shown on the attached sketches.

4.X.4.10.3
All nameplates shall be attached to metal surfaces with screws or rivets only.  Self-sticking or glued nameplates will not be accepted.

4.X.4.10.4
Nameplate sizes shall be as follows:



Main switchgear cell door and/or potential transformer draw-out face - 5" wide by 10" long, with one inch high characters.



Control switches, pilot lights, control devices, fuse pullouts, heater equipment, receptacles, etc., - 5/8" wide by 2-3/4" long with 1/4" high characters.

4.X.4.10.5
All devices furnished within the switchgear shall have nameplates.

4.X.4.10.6
Each unit section shall be complete with space heaters mounted in front and rear cell areas.  A 220/110 V, single phase, 60 Hz circuit shall be provided for the power to the space heaters.  Control shall be by means of a thermostat, humidistat, and circuit contactor.

4.X.4.10.7
All switchgear breaker doors shall be suitable for connection of a 120 V, single phase, 60 Hz remote, racking mechanism.  Furnish one complete mechanism with power and control cords.  The mechanism shall be complete with internal torque controlled shutoff to prevent overstressing of the racking screws while either inserting or withdrawing the breaker.

4.X.4.10.8
The switchgear shall be furnished with the following accessories:



One maintenance tool for slow closing of the breaker between test and connected positions



One levering and racking crank for moving the breaker between test and connected positions



Four test jumpers for electrically operating the breaker while out of its compartment



One breaker lifting yoke for lifting the breaker on or off compartment rails



One rail clamp for clamping breaker on extended rails for maintenance



One set of test plugs for use with Flexitest relays and meters



One test cabinet and portable test console for testing electrically operated breakers outside housing



One mobile lift truck for lifting the breaker on or off the rails and transferring the breaker



One breaker contact wipe adjusting tool

4.X.4.11
Testing
4.X.4.11.1
The vendor shall submit to Martin Marietta Corporation six copies of factory test data for acceptance before shipping of the switchgear equipment.  The factory tests shall be in accordance with the recommendation of National Electrical Test Association (NETA).

4.X.4.11.2
Tests on the switchgear and breakers shall include but are not limited to a contact resistance test, insulation test, breaker overcurrent-relay trip device test and calibration and an automatic throw over relay functional test.

4.X.4.11.3
After the factory tests have been completed, the switchgear shall be disassembled into the designed shipping sections with care to minimize the reassembling, connection and functional check out time in the field.

4.X.4.11.4
Technical assistance during the installation, check-out and start-up of the switchgear shall be provided by the vendor as part of the contract.  The vendor shall provide a fully qualified, factory trained manufacturer's representative and all necessary equipment and instrumentation to test, calibrate, set and functionally check-out the entire switchgear.

4.X.5
Documentation

Prior to delivery of the unit substation including transformers and switchgear, the supplier shall furnish six copies of Operating, Maintenance, Repair Manuals, Factory Test Data Sheets and suggested spare parts lists.

STD SPEC
4.X - 9

