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SECTION 26 24 14 - LOW-VOLTAGE METAL-ENCLOSED DRAWOUT SWITCHGEAR
GENERAL
SUMMARY
This section specifies the furnishing and installation of the main normal service low-voltage metal-enclosed drawout switchgear with Drawout Power Circuit Breakers. 
REFERENCE STANDARDS
NEMA SG‑3 - Low-Voltage Power Circuit Breakers.
NEMA SG‑5 - Power Switchgear Assemblies.
ANSI C37.13 - Low-Voltage AC Power Circuit Breakers.
ANSI C37.16 - Preferred Rating for Low-Voltage Power Circuit Breakers.
ANSI C37.20 - Switchgear Assemblies Including Metal-Enclosed Bus.
ANSI C37.50 - Test Procedures for Low-Voltage AC Power Circuit Breakers Used in Enclosures.
ANSI C37.51 - Standard for Conformance Testing of Metal-Enclosed Low-Voltage AC Power Circuit Breaker Switchgear Assemblies.
NEMA PB1.2 - Application Guide for Ground Protective Devices for Equipment.
UL 1558 (1993) - Standard for Safety Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.
SUBMITTALS
As a minimum, the following information shall be provided:
Manufacturer's information.
One line and three-line diagrams.
Outline dimensions.
Total weight of unit.
Installation procedures.
Operation and maintenance manuals.
Instrument transformer data.
Coordination curves for each type and rating of circuit breaker.
DELIVERY STORAGE AND HANDLING
Deliver switchboards in factory-fabricated water-resistant wrapping, and mounted on shipping skids.  All components and sections shall be identified by the Purchaser’s equipment number or name, which shall be clearly indicated on Shop Drawings and shipping packages.
Handle in accordance with NRMS PB2.1 to avoid damage to material components, enclosure, and finish.  Switchboard shall be provided with adequate lifting means.
Store in a clean, dry space and protected from the weather.  Maintain factory wrapping or provide an additional heavy canvas or plastic cover to protect units from dirt, water, construction debris, and traffic.  Switchboard shall be stored in a location where the relative humidity below required level for storage per manufacturer’s recommendation.  Heaters shall be energized in the switchboard section when relative humidity exceeds the requirement.
Provide one (1) set of installation and maintenance instructions with each switchboard.  Instructions are to be easily identified and affixed within the incoming or main section of the line-up. 
PRODUCTS
DESCRIPTION
General.  Provide completely factory assembled freestanding metal-enclosed drawout switchgear assembly from incoming line lugs to load terminals of all protective devices.  Include all necessary buses, supports, devices and provision for future connections as shown.  Equipped spaces shall have the same provisions as breaker occupied spaces.
The physical size and configuration shall be as indicated on the plans.  Circuit breaker arrangement shall be as shown on the drawings. Verify if the underground conduit stub-ups are existing and/or provided under another package. The switchgear shall be arranged to accommodate the conduit stub ups. 
Acceptable Manufacturers.  Square D, General Electric, Cutler Hammer/Eaton, Siemens.
RATINGS
Voltage Characteristics.  [480] [208] volts, three phase, 4 wire, 60 hertz.
Main Bus.  As indicated on the drawings.
Available Short Circuit Current.  As indicated on the drawings.
Device Ratings.  As indicated on the drawings.
ENCLOSURE
Construction:
Fabricate the switchgear enclosure with the required number of vertical sections nominally 95 inches high, 72 inches deep and width as shown on drawings.  Bolt vertical sections together to provide a rigid, freestanding, metal-enclosed unit which must withstand all shipping, handling and installation procedures without damage or deformation.  
Completely enclose the frame with removable, bolted, code-gauge sheet steel covered panels and hinged doors.  Form all cover plates and doors to eliminate sharp edges.
Provide NEMA 1 enclosure. 
Access:
In general, the switchgear shall be composed of three compartments front to back. The front compartment being the instrument or circuit breaker compartment, the middle compartment being the bus compartment and the back compartment being the cable compartment.  Front and rear access is required.
Provide adequate wiring gutter space at the top, bottom and sides for easy access to all wiring terminations.
Device Mounting:
Provide a unit with individually mounted protective devices.
Assembly must permit interchanging devices of the same type, rating and method of operation.
Lifting Provisions:
Provide permanent lifting means on top of shipping sections.
Include an integral roll-along lifting device for switchgear equipped with drawout devices.  Mount lifting device on top of switchgear.
Finish.  Grind all steel surfaces smooth, with all burrs, sharp edges, welding splatters, loose rust, scale and the like totally removed after fabrication.  Following this, chemically clean and treat steel work to allow a good bond between the steel surfaces and apply rust-preventive primer paint.  After priming, thoroughly paint the inside and outside with a suitable finish paint.  Supply 1 pint of finish paint for each switchgear section for touch-up after installation.
BUSES
Main, Section and Branch Bus:
Material.  Fabricate all buses of 98 percent IACS conductivity, tin- or silver-plated copper with rounded edges.  Make all connections using a minimum of two bolts.
Design:
Rate main bus for currents shown on drawings.
Determine current rating for section bus and branch bus on the basis of service to all devices including spares and spaces for future addition.  Size section bus a minimum of 60 percent of the main bus rating.
Size all buses to limit their temperature rise within the switchgear to 65 C based on a 40 C outside ambient temperature.
Size all buses so that current density will not exceed 1000 amperes per square inch.
Neutral Bus.  In each switchgear section, include an uninsulated neutral bus on insulated bus supports secured to the section frame and bolt to neutral bus bars in adjacent sections, thus providing a continuous neutral bus.
Ground Bus.  In each switchgear section, include an uninsulated copper ground bus bar for the equipment.  Secure the bar to the unit frame and bolt to the ground bus bars in adjacent sections, thus providing a continuous equipment ground bus.  Arrange the equipment ground bus to ground the switchgear parts which do not carry current.  Include terminations at the bus bar for feeder and branch circuit grounding conductors.  The terminations must be exothermically welded on or be of an approved pressure connector type.  Make area of ground bus not less than 1.00 square inches.
Length.  Extend all buses the entire length of the switchgear.  Buses must have the required capacity for their total length.  Make provisions for extensions from either end of buses.
Insulators.  Support main, section and branch bus systems with insulators to provide short circuit bracings.  Use non-carbonizing, non-tracking insulators.
Provide crimp type compression lugs at incoming bussing. 
DEVICE AND BUS ISOLATION
Isolate vertical buses from each other using insulating barriers.  Provide insulating barriers between vertical and main bus and between main bus and load terminal.  Include barriers at rear and sides of individually mounted devices.  Provide horizontal barriers for complete compartmentalization of individually mounted devices.
TRIP UNITS
Each drawout low-voltage power circuit breaker shall be equipped with a solid-state tripping system consisting of four current sensors (one for residual sensing of neutral current), microprocessor-based trip device and flux-transfer shunt trip.  Current sensors shall provide operation and signal function.  The trip unit shall use microprocessor-based technology to provide the basic adjustable time-current protection functions. True RMS sensing circuit protection shall be achieved by analyzing the secondary current signals received from the circuit breaker current sensors and initiating trip signals to the circuit breaker trip actuators when predetermined trip levels and time delay settings are ratings of each circuit breaker.  The trip unit shall have an information system that provides LEDs to indicate mode of trip following an automatic trip.  A red trip reset button shall be provided to turn off the LED indication after an automatic trip.
The trip unit shall be provided with a display panel, including a representation of the time/current curve of the trip unit that indicates the protection function settings.  The unit shall be continuously self-checking and provide a visual indication that the internal circuitry is being monitored and is fully operational.
Complete system selective coordination shall be provided by the individually adjustable time/current curve shaping solid-state elements indicated on the drawings.
When the adjustable instantaneous setting is omitted, the trip unit shall be provided with a discriminator or making-current release circuit to prevent closing the circuit breaker on a faulted system.
The trip unit shall contain a keyed receptacle for use with an Auxiliary Power Module (APM).  The APM, when connected to a 120V, 60 Hz source or integral battery, shall provide power for testing the trip unit while the breaker is out of the cell or in the disconnect position.  Provide two APM units per assembly.
Trip unit shall have thermal memory for enhanced circuit protection.
The trip units shall indicate the current in amperes and shall be able to be networked together with the other trip units and meters as shown on the plans. 
Each drawout low-voltage power circuit breaker shall be equipped with an adjustable relay module for overriding the settings of the breaker to reduce the settings of the breaker to the minimum settings. Refer to the drawings for additional requirements and connection requirements. 
MAIN PROTECTIVE DEVICE
Type.   Provide a 100 percent rated, 3-pole, low-voltage, non-fused power circuit breaker as the main protective device for the switchgear
Operating Mechanism.  Stored energy, quick-make, quick-break type.
Characteristics:
Mounting.  Drawout.
Operation.  Electrical.
Trip.  Long time, short time, instantaneous and ground fault.
Accessories:
Mechanical pushbutton trip and indicator.
Provisions for padlocking in the open position.
Provide mechanical Key interlocking and electrical interlocking between the two mains and the tie breaker such that only one main can be closed when the tie is closed. Normal operation is with the tie breaker open and both mains closed. 
Acceptable Manufacturers.  Square D company Masterpact breaker and Micrologic Trip unit or equal.
BRANCH CIRCUIT/feeder PROTECTIVE DEVICE
Type.  As the branch circuit for the switchgear, provide a 100 percent rated, 3-pole, low-voltage, non-fused power circuit breaker.
Operating Mechanism.  Stored energy, quick-make, quick-break type.
Electrically operated breakers shall be complete with 24 Vdc shunt trips, and 120 Vac motor operators. The charging time of the motor shall not exceed 6 seconds.
Characteristics:
Mounting.  Drawout.
Operation.  Manual.
Trip.  Long time, instantaneous and ground fault.
Accessories.
Mechanical pushbutton trip and indicator.
Provisions for padlocking in the OPEN position.
Acceptable Manufacturers.  Square D company Masterpact breaker and Micrologic Trip unit or equal.
PROTECTIVE RELAYS
The switchgear manufacturer shall furnish and install, in the metal-clad switchgear, the quantity, type and rating of protection relays as indicated on the drawings and described hereafter in this specification.
Protective Relaying shall be microprocessor, high reliability, as specified below.
 As a minimum, the following protective functions shall be provided for the main circuit breaker at main service entrance equipment. [***NOTE TO SPECWRITER: COORDINATE WITH CAMPUS FOR ADDITIONAL DESIRED PROTECTIVE FUNCTIONS.]
Under/Over Voltage (27/59) Relay, 3-phase, percent adjustable, percent reset, with time delay.
Reverse Power (32) Relay, 3-phase, percent adjustable with time delay.
Prorammable logic controller
Programmable Controllers: The system shall be controlled by two redundant programmable logic controllers each with separate power supply and chassis with distributed input/output cards as required. In the event that both of the controllers fail, the system operation will allow full manual control with all required hardwired interlocks installed, to prevent improper operation. All PLCs shall be backed up by non-volatile "Flash" memory.
DIGITAL MULTI FUNCTION POWER METER
Type.  Solid-state multi-meter instrument, semi flush type.  Five-digit display, Square D Power Logic ION 8600b or equal 
[***NOTE TO SPECWRITER: COORDINATE WITH CAMPUS FOR CAMPUS STANDARD OF METER AND METER FUNCTIONS]. 
Functions.  As a minimum, the following functions shall be metered:
Phase volts.
Phase amperes.
kW with maximum demand.
kW/phase.
kVA/phase.
kVAR/phase.
kWH.
kVAH.
kVARH.
Power factor.
kVA with maximum demand.
Frequency.
Individual harmonics.
Total harmonic distortion.
Accuracy (Minimum Requirements).
Current and voltages:  +0.20%.
Frequency, power, demand and energy: +0.40%.
Power factor:  +1.0%.  Accuracy shall be maintained from 3-300% of full scale, and -0.5 to 1.00 to +0.5 for power factor.
Special Requirements.  Meter shall be connected to JCI DDC control panel using Modbus protocol. Provide all accessories in order to connect the meter to the DDC panel. 
CONTROL DEVICES
Types.  Provide control devices consisting of control switches, pushbuttons, interlocks, and wiring as may be required for the operating mechanism which moves the breaker to and from the operating position; auxiliary relays and switches, complete with all wiring and mechanisms required for the particular manufacture of the breaker; operation counter; manually operated trip bar or lever; and provisions for manual closing.
Control and Instrument Switches and Pushbuttons.  Use control and instrument transfer switches of the multiple-stage, rotary, heavy-duty, switchboard type.  Supply momentary contact spring-return breaker control pushbuttons (close, trip) with hinged transparent safety cover.  Supply maintained contact instrument switches with round handles.  Electroswitch type W or approved equal for switches, and Square D Type K or approved equal for pushbuttons.
Indicating Lights.  
Provide each breaker control switch with a red (closed) and a green (tripped) indicating light.  Pilot light assemblies must have a rated life of 40,000 hours.  
Provide each breaker control switch a blinking blue indicating light and label that reads “Maintenance Mode Activated”. Blue indicating light shall blink upon activation of maintenance mode. 
CONTROL WIRING
Wiring.  Install and test control and small wiring inside the switchgear at the factory, including breaker control wiring, instrument wiring, secondary leads from instrument transformers, etc.  Neatly and carefully install interior wiring in suitable wiring gutters or conduit, using SIS standard 600-volt switchboard-type, stranded copper wire No. 14 AWG or larger.  Identify each wire at terminals by means of permanent sleeve-type wire marker.  Secure wiring from hinged doors and panels to enclosure in a manner to allow ample flexibility in bending.  All current transformers secondary leads shall first be connected to conveniently accessible short circuit terminal blocks before connecting to any other devices.
Terminals.  Terminate wire on instruments, devices, transformers and 600-volt rated terminal blocks by means of ring-tongue type connectors under screws, marked in accordance with the manufacturer’s wiring diagram.  Locate terminal blocks in readily accessible places.  No more than two ring-tongue terminals shall be allowed at any terminal block or other connection point within the switchgear.
Spare Contacts.  Wire spare contacts to suitably identified terminals for external connections and clearly show these connections on shop drawings.
Spare Terminals.  In addition to specified spare contact terminals, provide not less than 10 percent spare terminals on each terminal block provided.
Key Interlocks as indicated on the drawings.
2,14	GROUND FAULT PROTECTION
Testing.  The switchgear manufacturer shall test the ground fault system at the factory and shall verify tripping of the ground fault units.  This test shall not involve operating the push-to-test button, but shall involve passing a primary current through the current sensor and measuring the time required for the relay to trip the associated device.  Any relay which will not track the published characteristic curves shall be replaced with one that is accurate.
0. NAMEPLATES
Engraved nameplates, mounted on the face of the assembly, shall be furnished for all main and feeder circuits as indicated on the drawings.  Nameplates shall be laminated plastic, black characters on white background, and secured with screws.  Characters shall be 3/16 inch high, minimum.
Furnish Master nameplate giving switchgear designation, year manufactured, voltage ampere rating, short circuit rating, manufacturer’s name, general order number and item number.
Control components mounted within the assembly, such as fuse blocks, relays, pushbuttons, switches, etc., shall be suitably marked for identification corresponding to appropriate designations on manufacturer’s shop drawings.
Provide a mimic bus.  Show bussing, connections and devices in single line form using black laminated plastic strips securely attached on the front panels of the switchboard.
LISTING
The switchgear shall be UL listed as suitable for use as service entrance equipment.
FACTORY TESTING
The switchgear shall be completely assembled, wired, adjusted and tested at the factory.  After assembly, the complete switchgear shall be tested to assure the accuracy of the wiring and the functioning of all equipment.  The main bus system shall be given a dielectric test of 2200 volts for one minute between live parts and ground and between opposite polarities.  The manufacturer shall notify the Owner’s Representative two weeks prior to the date the tests are to be performed.
EXECUTION
FOUNDATION PAD
Provide a 4-inch-thick concrete foundation pad for the switchgear. Pour pad on roughened floor slabs, sized so that outer edges extend a minimum of 4 inches beyond equipment.  Trowel pad smooth and chamfer edges to a 1-inch bevel.  Secure equipment to pad as recommended by the manufacturer. 
EQUIPMENT INSTALLATION
Field Connections.  Make field connections of buses between switchgear sections with splice bus and hardware provided by the switchgear manufacturer.
Equipment Settings.  Properly set adjustable current, voltage and time settings as noted on shop drawing submittals.  Effectively accomplish grounding and bonding.
Restoration.  Restore all damaged surfaces to factory finish.
Inspection.  Thoroughly inspect the switchgear for items such as loose connections and presence of foreign materials and remedy prior to energizing the switchgear.  All bolted connections shall be torqued to the manufacturer's recommendations.
TESTING
After installation and before acceptance by the Owner’s Representative, the Contractor shall provide the services of an independent testing organization (independent from the Contractor) to performance test all ground fault trips in accordance with NEC paragraph 230‑95.  This test shall involve passing a primary current through the current sensor with a suitable, low voltage test set and timer, which shall allow verification that the trip units track their published curves and that they actually trip the devices on which they are applied.  This test shall also include the polarity of the current sensors and give an indication of satisfactory operation of all instruments.
The Contractor shall notify the Owner’s Representative of this test date two weeks in advance so the tests can be properly witnessed.
END OF SECTION 
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