SECTION 16430 
LOW VOLTAGE SWITCHGEAR
PART 1 -  GENERAL

1.01 SCOPE

A. This Section includes metal-enclosed, low-voltage, power circuit-breaker switchgear with drawout circuit breaker elements for use in AC systems, rated 600 V or less.

1.02 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

B. [Related Sections include the following:

1. Section 16361 - Secondary Unit Substation

2. Section 16341 - Load Break Switches

3. Section 16271 - Medium Voltage Transformers
4. Section 16290 - Section "Electrical Power Monitoring and Control" for interfacing communication and metering requirements.  ]
1.03 SUBMITTALS

A. Submit shop drawings and product data for approval and final documentation in the quantities listed according to the Conditions of the Contract.  All transmittals shall be identified by customer name, customer location and customer order number.

B. Documents for Approval: General arrangement drawing showing dimensioned elevation, floor plan, side view and foundation details, one-line diagram showing major features, nameplate legends, schematic diagrams and bill of material.

C. Final Documents: Record documentation to include those in 1.03.B and wiring diagrams, list of recommended spare parts, instruction and installation manuals [and certified test reports].
D. Product Data: Include features, characteristics and ratings of individual circuit breakers and other components.  Also include time-current characteristic curves for overcurrent protective devices, including circuit-breaker trip devices and fusible devices.

E. [Manufacturer Seismic Qualification Certification]: Submit certification that switchgear will maintain its structural integrity during and after the seismic activities of the specified UBC zone. Include the following:

1. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

2. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

1.04 QUALITY ASSURANCE

A. Manufacturer Qualifications: Engage a firm with at least 5 years experience in manufacturing switchgear.  The manufacturer of the switchgear assembly shall be the same manufacturer as the breakers.

B. Comply with requirements of latest revisions of applicable industry standards, specifically including the following:

1. ANSI/IEEE C37.20.1 – Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.

2. ANSI/IEEE C37.13 and ANSI C37.16 Low Voltage Power Circuit Breakers.

3. ANSI/IEEE C37.17 Trip Devices.

4. ANSI/IEEE C37.90 Relays.

5. NEMA SG3, SG 5. 
6. UL 1066, 1558.

1.05 DELIVERY, STORAGE AND HANDLING

A. Deliver products in factory labeled packages.  Shipping groups shall not exceed 15 ft. in length.

B. Circuit breakers shall be shipped inside their respective cells in which they were factory acceptance tested.

C. Store and handle in strict compliance with manufacturer’s instructions and recommendations.  Protect the equipment from potential damage from weather and construction operations.  Store so condensation will not form on or in switchgear and if necessary, apply temporary heat where required to obtain suitable service conditions.

PART 2 -  PRODUCTS

2.01 MANUFACTURER(S)

A. [The low voltage switchgear shall be type RL as manufactured by Siemens Energy and Automation or pre-approved equal by:

1. .

2. .  ]
2.02 RATINGS

A. System Configuration: Switchgear suitable for application in three-phase, [60-Hz] [50Hz], [(3 wire) (4 wire)] grounded-neutral] [3 wire ungrounded] [3 wire high-impedance grounded] system.

B. Electrical Ratings:

1. Nominal System Voltage: [600 V] [480 V] [480/277 V] [208 V] [208/120 V] [OTHER].
2. Maximum Design Voltage: 635 Volts. 
3. Short-Time and Short-Circuit Current: [65kA] [85kA] [100kA] [150kA] [200kA] 
4. Main-Bus Continuous Current: [5000] [4000] [3200] [2000] [1600] amps.

5. [Neutral Bus Continuous Current:] [50] [100] percent of main phase bus. 
2.03 SWITCHGEAR GENERAL CONSTRUCTION

A. The switchgear shall be factory assembled and tested and comply with applicable industry standards.  It shall be a coordinated design so that shipping groups are easily connected together at the site into a continuous line-up.  Necessary connecting materials shall be furnished.  All power circuit breakers and assemblies shall be produced by a single manufacturer. 
B. The switchgear assembly shall consist of one or more metal-enclosed ventilated sections in an [indoor NEMA 1 enclosure] [outdoor NEMA 3R enclosure described in 2.03.N].  The front of each vertical section is to contain three or four compartments with 14 gauge steel side sheets and 11 gauge steel compartment barriers.  A double thickness of 14 gauge steel is to be provided between vertical sections.

1. The side sheets shall be full-height and depth to provide a metal barrier separating the rear cable compartments between sections.

2. End sections shall include provisions for main bus extension and installation of future vertical sections.

3. The design shall incorporate preformed steel channels, angles and side sheets bolted together and reinforced to form a rigid, self-supporting assembly.

4. Fabricate enclosure with removable, [rear cover panels, secured by captive hex head screws], [hinged doors with hex head screws (thumbscrews)] to allow access to rear interior of switchgear.

C. Horizontal barriers are to be provided to form individual circuit breaker or metering compartments.  Circuit breaker compartments are to be barriered from the bus compartment through a primary disconnect assembly.  Each circuit breaker or metering compartment shall be provided with a hinged front door secured with hand-operated rotary latches.

D. Circuit breaker compartments shall include stationary primary contact disconnects that shall be silver-plated copper at the connection points and of one piece construction.

1. The upper set of disconnects shall bolt directly to the main bus and, for feeder circuit breakers, the lower set shall extend to the rear cable area and shall be insulated where they pass through the main bus compartment.

2. Primary disconnects shall be sized for the maximum continuous current for the frame size of the circuit breaker which is located in the compartment.

3. Interlocks shall be provided to prevent a circuit breaker element of the incorrect frame size or interrupting rating from being inserted into the compartment.

4. A stationary circuit breaker frame grounding contact shall be provided and shall be visible with the circuit breaker installed in any position.

5. Secondary control contacts, when required, shall be located in the circuit breaker compartment and shall be of the sliding contact, silver-plated copper design.  Barriers shall be provided between terminal points.  The secondary control contacts shall engage the drawout circuit breaker element in the “connected” and “test” positions.

E. Control circuit fuses for electrically-operated circuit breakers shall be located on the side of the breaker compartment and shall be contained in a dead-front, pull-out fuse block with a clear cover.  Withdrawing the cover from the fuse block shall automatically remove the control circuit fuses and hold them captive.  The fuse block cover shall include provisions for being installed in the reverse position in order to maintain the open control circuit for testing or maintenance purposes while continuing to the hold the fuses captive.

F. All control wiring with the assembly shall be continuous and shall terminate on each end at a suitable terminal block.  Control wiring shall be 14-gauge minimum, stranded type SIS and shall be labeled at each end with sleeve-type wire markers.

1. Wire markers shall be machined imprinted with the wire name as indicated on the wiring diagrams.  
2. Terminals shall be insulated locking fork or ring tongue type except where connecting to components that do not accept these terminations.  Control wiring for external connections shall be terminated in the rear cable area for ease of access.

3. [Metal covers shall be provided over control wiring troughs where they pass through the power cable termination area.] [Metal cover shall be provided over terminal blocks located in the power cable termination area].

G. Finish: Steel parts shall be prepared for painting by a five-stage wash system consisting of an alkaline cleaner, fresh water rise, iron phosphate treatment, fresh water rise and non-chromate sealer.  After cleaning and stabilization, the steel parts shall be coated with a thermosetting polyester powder applied with electrostatic equipment at a nominal 2 mils dry film thickness and then cured properly.  The paint finish shall have a pencil hardness of 2H, a salt spray rating as defined in ASTM B-117-73 of 600 hours.  Paint color shall be ANSI 61 light gray.

H. Bus isolation barriers shall be arranged to isolate the buses on either side of each main and tie circuit breaker from each other.

I. [Incoming line isolation barriers] shall be arranged to isolate the incoming line connections from the main horizontal and vertical bus.  ]
J. Main bus shall connect vertical sections and between compartments and shall be uniform capacity the entire length of assembly.  The main horizontal bus shall be run in a vertical, edge-to-edge arrangement for high short circuit strength.  Access to the rear cable termination area shall be possible without reaching over the main and vertical bus.
1. Bus shall be [98 % minimum conductivity copper with silver-plated joints] [98 % conductivity copper with tin-plated joints].
2. Feeder Circuit-Breaker Load Terminals: Silver-plated copper bus extensions equipped with pressure connectors for outgoing circuit conductors.

3. Ground Bus shall be copper of 98 percent minimum conductivity, with pressure connector for feeder and branch-circuit ground conductors, minimum size 1/4 by 2 inches.
4. Bus bracing shall be equal to or greater than the short circuit interrupting rating shown on the drawings.
5. [Neutral bus shall be equipped with [mechanical] [compression] lugs for outgoing circuit neutral conductors as shown on the project drawings or data sheets.]  Neutral-bus extensions shall be provided for busway feeders.]

6. [Neutral Disconnect Link: Bolted, uninsulated, 1/4-by-2-inch copper bus, arranged to connect neutral bus to ground bus.]

7. Provide for future extensions from either end of main phase, neutral and ground bus by means of predrilled bolt-holes and connecting links.

8. 600 volt clearances shall be maintained in all horizontal and vertical buses such that insulation is not required. 
K. [Bus/Cable compartment barriers]: Barriers shall be supplied to isolate the rear cable area from the main bus area.

L. [Insulated bus-bar shall consist of bus bars wrapped with factory-applied, flame-retardant tape or spray-applied, flame-retardant insulation.  Sprayed insulation thickness of 3 mils minimum.  Bolted bus joints shall be insulated with secure joint covers that can easily be removed and reinstalled.] 
M. [Low Voltage High-Resistance Grounding System] [installed in the switchgear assembly] [contained in separate NEMA 1 enclosure] for use on [480 V] [600 V] [wye] [delta] source, including the following components:

1. Meter relay (MR)

2. 3 Indicating lights: white for “Normal,” red for “Ground Fault” green for “Pulsing”

3. ”Reset“ push button 
4. ”Test“ push button 
5. On - Off switches for system and pulse

6. Repeat cycle timer, set to produce approx. 30 current pulses per minute

7. Neutral grounding resistor assembly 
8. Pulse resistor assembly 
9. Test resistor assembly 
10. Relay for repeat cycle timer 
11. Alarm relay, with extra interlocks for remote alarm (59X)

12. Control power transformer 
13. Neutral ammeter & current transformer

14. Optional Portable clamp on ammeter

15. [3 Grounding transformers for generating a neutral CPT] (for Delta System without a system neutral

N. [Outdoor NEMA 3R Walk-In enclosure] shall consist of indoor switchgear assemblies in weather-resistant steel housing having an operating aisle space of approximately 42 inches. Enclosure shall be painted steel, integral structural-steel base frame with factory-applied asphalt undercoating. Each section shall be equipped with the following features:

1. Structural design and anchorage adequate to resist loads imposed by 125-mph wind.

2. Space heater operating at [full] [one-half of] rated voltage, sized to prevent condensation.

3. Louvers equipped with insect/rodent screen and filter and arranged to permit air circulation while excluding exterior dust and rodents.

4. Internal aisle of sufficient width to permit protective-device withdrawal, disassembly and servicing in aisle.

5. Aisle access doors with outside padlocking provisions and interior panic latches.

6. Adequate incandescent lighting receptacles with three-way switch at each access door.

7. A duplex receptacle with ground fault protection, at aisle access door.

8. A load center shall be supplied for distribution of power to lights, receptacles and heaters.

9. [Aisle ventilation louvers equipped with insect/rodent screen and filter and arranged to permit air circulation while excluding exterior dust and rodents.]
2.04 COMPONENTS

A. Instrument Transformers: Comply with IEEE C57.13.

1. Potential Transformers: Secondary-voltage rating of 120 V and NEMA accuracy class of 0.3 with burdens of W, X and Y.

2. Current Transformers: Ratios, as indicated; burden and accuracy class are suitable for connected relays, meters and instruments.

B. Multifunction Digital-Metering Monitors shall be UL-listed or UL-recognized, microprocessor-based unit suitable for three-wire or four-wire systems.  Units shall be mounted in the instrument compartment door and as follows:

1. Incoming monitoring or main breakers: Siemens Model [9200] [9300] [9350] [9510]
2. Feeder breakers: Included in the circuit breaker trip device or Siemens Model [9200] [9330].

C. Microprocessor-based static trip shall be Siemens Energy & Automation [Static Trip III] [Static Trip IIIC with communications] [Static Trip IIICP with communications, power metering] [Static Trip IIICPX with communications, power metering and protective relay functions.]

D. Provision for Future Devices: Equip future circuit breaker compartments with rails, mounting brackets, supports, necessary appurtenances and bus connections.

E. Control Power Supply: Control power transformer supplying 120-V control circuits through secondary disconnect devices are to be dry-type transformers with primary and secondary fuses.

1. Transformers shall be mounted in auxiliary compartments.

2. [Multiple source with control power transfer.]  Two control power transformers located in separate compartments with necessary interlocking relays shall be provided.

a. Each transformer shall be connected to line side of associated main circuit breaker.

b. [Secondary windings connected through a relay or relays to control bus to affect an automatic control power transfer scheme.] 
3. [(24) (48) (125) volt DC battery system] 
F. [Mimic Bus]: Continuous mimic bus applied to front of switchgear, arranged in single-line diagram format, shall indicate the arrangement of the circuit breakers in the power circuit. 
2.05 CIRCUIT BREAKERS

A. Circuit breakers shall comply with the requirements of IEEE/ANSI C37.13.  All breakers shall be three-pole, single-throw, with arc quenchers, main and arcing contact structure, a three-phase solid state trip overcurrent trip unit, trip actuator, three single ratio tripping sensors and primary disconnecting devices.

1. Circuit beaker element shall have connected, test and disconnected position indicators, spring charged/discharged indicators and circuit breaker open or closed indicators all of which shall be visible to the operator with the compartment door closed.  It shall be possible to rack the circuit breaker element from the disconnected to the connected position with the compartment door closed.
2. Provide interlocks to prevent racking circuit breaker unless the breaker is open and prevent closing a breaker unless it is in the connected or test position.

B. Ratings: Continuous, interrupting and short-time current ratings for each circuit breaker shall be as indicated on the drawings or data tables. Circuit breakers shall be 600 volt class, with nominal voltage and frequency ratings same as switchgear.

C. Operating Mechanism: Mechanically and electrically trip-free, stored-energy operating mechanism with the following features:

1. Normal Closing Speed: Independent of both control and operator.

2. Slow Closing Speed: Optional with operator for inspection and adjustment.

3. Stored-Energy Mechanism: [Manually operated] [Electrically operated] [Electrically operated, with optional manual charging].

4.  [Operations counter.]

D. Each low voltage power circuit breaker shall be equipped with self-powered, microprocessor-based trip-device to sense overload and short circuit conditions.  The device shall measure true RMS current.  The tripping system shall consist of current transformers or sensors on each phase, a release mechanism and the following features:

1. Interchangeable so that any trip unit can be used with any frame size circuit breaker.

2. Functions: Long time, short time and instantaneous tripping functions shall be provided, as required.  Each shall have an adjustable pick-up setting.  In addition, long time and short time bands shall each have adjustable time delay.  Short time function shall include a switchable I2t ramp. 
3. An LCD target shall indicate an overcurrent, short circuit or ground fault trip condition.   The target shall be maintained for a minimum of 48 hours without the need for a separate battery or relay.

4. Time-current characteristics shall be field adjustable through switches that are digitally encoded type with gold contacts.

5. Current Adjustability: Dial settings and rating plugs on trip units or sensors on circuit breakers, or a combination of these methods.

6. Pickup Points: Five minimum.  
7. [Ground-fault protection] with at least three time-delay bands, adjustable current pickup and an I2t ramp.  Arrange to provide protection for [three-wire] [four-wire] service.

8. [Zone selective interlocking]: Connections will be made between main, tie and feeder circuit breakers to ensure that the circuit breaker closest to the fault trips for short time and ground fault conditions.

9. [Communications and metering functions] shall be provided per paragraph 
E. [MOC mechanism operated cell switch] Switchgear mounted contact operated by the circuit breaker operating mechanism.  [4] [8] reversible contacts that follow the open/closed condition of the circuit breaker when it is in the [connected] [connected and test] position(s).

F. [Auxiliary Contacts]: For interlocking or remote indication of circuit-breaker position. Spare Type "a" and Type "b" (contacts), quantity as indicated, shall be wired through secondary disconnect devices to a terminal block in stationary housing.

G. Padlocking Provisions: For installing at least three padlocks on each circuit breaker prevent movement of drawout mechanism.

H. Operating Handle: One for each circuit breaker capable of manual operation.

I. Control Switch: One for each electrically operated circuit breaker.

J. [Key Interlocks]: Arranged so keys are attached at devices indicated.  Mountings and hardware are included where future installation of key-interlock devices is indicated.

K. [Undervoltage Trip Devices]: [Instantaneous] [Adjustable time-delay.]

L. [Shunt-Trip Device]: Where indicated.

M. Fused Circuit Breakers: Circuit breaker and fuse combinations complying with requirements for circuit breakers and trip devices and with the following:

1. Fuses: NEMA FU 1, Class J or L current limiting, sized to coordinate with and protect associated circuit breaker.

2. Circuit Breakers with Frame Size 2000 A and Smaller: Fuses shall be integrally mounted on the circuit breaker and shall be arranged so fuses are not accessible when the circuit breaker is in connected position.

3. Circuit Breakers with Frame Sizes Above 2000 A: Fuses shall be installed on separate draw out carriages. The fuse and circuit breaker draw out elements will be installed in separate compartments within same vertical section. The fuse drawout element shall be key interlocked with associated circuit breaker to prevent drawing out fuse element unless circuit breaker is in open position.

4. Blown-Fuse Trip Device: fused circuit breakers are to be equipped with blown fuse lockout devices to prevent single-phasing.  Open-fuse status is indicated at front of circuit breaker or fuse drawout element.

5. The application of fused circuit breakers shall not reduce the amount of rear cable termination space which would have been provided with non-fused circuit breakers.

N. [Indicating Lights: To indicate circuit breaker is open or closed, for electrically operated circuit breakers.

2.06 PRODUCTION TESTING

A. Perform production tests in compliance with ANSI C37 and NEMA SG 5 requirements.  [Provide certified test results].

2.07 UNITS REQUIRED

A. INCOMING LINE
1. Set cable lugs; _ per phase [and neutral], [Clamp-type] [compression-type] [Cable terminators] for [___] type cable [___] KCMIL for [top] [bottom] entry.

OR

a. Provisions for connection to metal-enclosed bus rated [___] A, 3 phase [___] wire furnished per specification section [___]
OR

b. Provisions for close-coupled connection to the throat of a [___] kVA transformer furnished per specification section [___]
2. Set of _ voltage transformers, rated [___]:120V.

3. [Transient surge protection] per specification section [___]
B. MAIN BREAKERS
1. Current rating:
[800] [1600] [2000] [3200] [4000] [5000]A

2. [___] current transformers

3. [Manually operated] [Electrically operated with control switch and indicating lights]

4. [1 [___] Microprocessor-based multi-function meter]

5. Microprocessor-based static trip unit with LS [G] functions, Static Trip [III] [IIIC with communications] [IIICP with communications, power metering] [IIICPX with communications, power metering and protective relay functions.]

6. [Spare auxiliary switches]  [__] a and [__] b

C. TIE BREAKER
1. Current rating:
[800] [1600] [2000] [3200] [4000] [5000] amps.
2. [__] current transformers

3. [Manually operated] [Electrically operated with control switch and indicating lights]

4. Microprocessor-based static trip unit with LS [G} functions, Model [III] [IIIC with communications] [IIICP with communications, power metering] [IIICPX with communications, power metering and protective relay functions.]

5. [Spare auxiliary switches] [__] a and [__] b

D. FEEDER BREAKERS:
1. Current rating:
[800] [1600] [2000] [3200] [4000] [5000] [various] amps.
2. [___] current transformers

3. [Manually operated] [Electrically operated with control switch and indicating lights]

4. [1 – Microprocessor-based multi-function meter]

5. Microprocessor-based static trip unit with L[S] I [G] functions, Model [III] [IIIC with communications] [IIICP with communications, power metering] [IIICPX with communications, power metering and protective relay functions.]

6. [Spare auxiliary switches] [___] a and [___] b

7. One set of cable lugs

2.08 ACCESSORIES

A. Crank for racking circuit breakers.

B. Lifting yoke for circuit breakers

C. Portable test set for testing all functions of circuit-breaker, solid-state trip devices without removal from switchgear.

D. Circuit-Breaker Removal Apparatus: [Overhead-circuit-breaker lifting device, track mounted at top front of switchgear, complete with hoist and lifting yokes.] [Portable, floor-supported, roller-base, elevating carriage arranged for moving circuit breakers in and out of compartments.] 
E. Spare Fuses: Six, of each type and rating of fuse used.  Include spares for potential transformer fuses and control power fuses.

F. Spare Indicating Lights: One of each type installed.

G. Touchup Paint: One-half pint of paint matching enclosure finish.

PART 3 -  EXECUTION

3.01 EXAMINATION AND INSTALLATION

A. Examine elements and surfaces to receive switchgear for compliance with installation tolerances and other conditions affecting performance.  Proceed with installation only after unsatisfactory conditions have been corrected.

B. Install and anchor switchgear in accordance with manufacturer’s instructions.

3.02 CONNECTIONS

A. Tighten bus joints, electrical connectors and terminals according to manufacturer's published torque-tightening values. Install equipment grounding conductors for switchgear with ground continuity to main electrical ground bus.

3.03 ADJUSTING AND CLEANING

A. Set field-adjustable trip devices per coordination study.
B. Clean exposed surfaces using manufacturer recommended materials and methods.  Touch-up damaged coating and finishes using non-abrasive materials and methods recommended by manufacturer.  Eliminate all visible evidence of repair.

3.04 [STARTUP SERVICES]

A. Engage a factory-authorized service representative to perform startup service.

B. Train Owner's maintenance personnel on procedures and schedules for energizing and de-energizing, troubleshooting, servicing and maintaining equipment and schedules.

C. Verify that switchgear is installed and connected according to the Contract Documents.

D. Verify that electrical control wiring installation complies with manufacturer's submittal by means of point-to-point continuity testing.  Verify that wiring installation complies with requirements in Division 16 Sections.

E. Complete installation and startup checks according to manufacturer's written instructions.

END OF SECTION 
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