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section 26 13 13.10  -  mEDIUM-VOLTAGE Metal-Clad Switchgear

Part 1 - general

1.1 SCOPE

A. The Seller shall furnish the switchgear line-up as specified herein and as shown on the drawings for medium voltage (27kV through 38kV) freestanding or close-coupled PV System metal-clad switchgear with vacuum circuit breakers.

B. The Seller shall develop logic and interlocks as required to implement the controls strategy described and the protective relay philosophy indicated on the drawings..

C. Switchgear  [#] will be located [outdoors, indoors,]

D. Additional remarks [__].

1.2 References
A. The metal-clad switchgear and all components shall be designed, manufactured and tested in accordance with the latest applicable standards of NEMA, IEEE and ANSI.


NEMA SG-4 and SG-5, IEEE, and but not limited to, ANSI 37.20.2.

B. Applicable Codes and Standards

The applicable codes and standards listed below should be considered as part of this specification. The latest revision in effect at time of inquiry shall apply for all standards referenced



National Electrical Manufacturers Association (NEMA)



Institute of Electrical and Electronic Engineers (IEEE)



National Electric Code (NEC)



American National Standards Institute, Inc. (ANSI)



ANSI / IEEE C37.04 and C 37.06 – Standard ratings and preferred ratings for Indoor AC    Medium-Voltage Circuit Breakers used in Metal-Clad Switchgear

ANSI / IEEE C37.09 – Standard Design and Production Testing.

ANSI / IEEE C37.20.2 – Standard for Metal-Clad Switchgear

ANSI / IEEE C37.11 – Requirements for electrical control for AC High-Voltage Circuit Breakers rated on a symmetrical current basis or total current basis.

ANSI / IEEE C57.13 – Requirements for Instrument Transformers

ANSI Z55.1 – Gray Finishes for Industrial Apparatus And Equipment.

NEMA SG4 – Alternating Current High Voltage Circuit Breakers.

NEMA SG5 – Power Switchgear Assmeblies

International Electrotechnical Commission (IEC)

IEC 56 – High-voltage alternating current circuit breakers 

It shall be the manufacturet’s responsibility to be knowledgeable of these standards and codes.
1.3 Submittals

A. The following information shall be submitted to the Engineer:

1.
Front view elevation

2.
Floor plan

3.
Top view

4.
Single line

5.
Schematic diagram

6.
Nameplate schedule

7.
Component list

8.
Conduit entry/exit locations

9.
Assembly ratings including:


a.
Short-circuit rating


b.
Voltage


c.
Continuous current


d.
Basic impulse level for equipment over 600 volts

10.
Major component ratings including:


a.
Voltage


b.
Continuous current


c.
Interrupting ratings

11.
Cable terminal sizes.

B. Where applicable the following additional information shall be submitted to the Engineer:

1. Busway connection

2. Connection details between close-coupled assemblies

3. Composite floor plan of close-coupled assemblies

4. Key interlock scheme drawing and sequence of operations.

C. Submit [__] copies of the above information.

1.4 Submittals -- for Information

A. The following product information shall be submitted:

1. Descriptive bulletins

2. Product sheets.

1.5 Submittals -- for Closeout

A. The following information shall be submitted for record purposes:

1. Final as-built drawings and information.

2. Wiring diagrams

3. Certified production test reports

4. Installation information including equipment anchorage provisions

5. Seismic certification.

B. Submit [__] copies of the above information.

1.6 Qualifications and Quality Assurance
A. The manufacturer of the assembly shall be the manufacturer of the major components within the assembly.

B. The manufacturer of this equipment shall have produced similar electrical equipment for a minimum period of five (5) years.

C. The manufacturer of the switchgear must be the same as the manufacturer of the circuit breaker.

1.7 Delivery, Storage and Handling

A. Equipment shall be handled and stored in accordance with manufacturer's instructions. One (1) copy of these instructions shall be included with the equipment at time of shipment.

B. Shipping groups shall be designed to be shipped by truck. Indoor groups shall be bolted to skids. Breakers and accessories shall be packaged and shipped separately.  See drawings for any shipping size restrictions.

C. Switchgear shall be equipped to be handled by crane. Where cranes are not available, switchgear shall be suitable for skidding in place on rollers using jacks to raise and lower the groups.

D. Switchgear being stored prior to installation shall be stored to maintain the equipment in a clean and dry condition. If stored outdoors, indoor gear shall be covered and heated.

1.8 Operation and Maintenance Data

A. [__] copies of the equipment operation and maintenance manuals shall be provided. The Seller shall also provide a CD rom which contains all manuals and drawings in PDF format.
B. Operation and maintenance manuals shall include the following information:

1.
Instruction books and/or leaflets

2.
Recommended renewal parts list

3.
Drawings and information.

1.9 Extra materials

A. Potential transformer and control fuses

B. Spare indicating lights: [__] of each type installed

C. Submit [one] [__] racking handle(s) with equipment.  Charging handle to be furnished on each breaker mechanism.

D. For switchgear assemblies with upper compartment breakers, provide [one] circuit breaker lifting device.

E. [Provide [one] [__] test cabinet.]

F. [Provide [one] [__] test jumper cable.]

G. [Provide one Manual Ground and Test Device.]

H. [Provide one Automatic Ground and Test Device.]

I. [Provide one motorized remote control racking device.]

Part 2 - Products

2.1 metal-clad switchgear assembly and Ratings

A. The metal-clad switchgear shall consist of a PV System [27, 38] [__]® [indoor] [outdoor non-walk-in] [outdoor walk-in] [Power control Room PCR®]

B. The switchgear described in this specification shall be designed for operation on a [27,38] [__]kV, three-phase, 3 wire, low resistance grounded, 60-hertz system.

C. The switchgear described in this specification shall contain factory assembled and operational tested circuit breakers and accessories and be self-supporting in a manner to be installed on a level concrete pad.

D. UL labeled equipment shall be provided to the full extent that UL labels are applicable

E. [specifier to describe grounding type 

F. Each circuit breaker shall have the following ratings:

	Maximum Voltage
[27] [38]
        kV
BIL Rated
[125] [150*]                kV
Continuous Current
[1200] [2000] [2500]  Amperes 
Short-Circuit Current
  
At Rated Maximum KV                                                            [25] [40]                     kA
Closing and Latching Capability
[67] [108]                   kA rms  
Short time  Rating
[25] [40]                     kA 
Rated Interrupting Time
[3] [5]                         cycles

*38 kV version only


2.2 Construction

A. The switchgear assembly shall consist of individual vertical sections housing various combinations of circuit breakers and auxiliaries, bolted to form a rigid metal-clad switchgear assembly. Two high arrangements are required. Metal side sheets shall provide grounded barriers between adjacent structures and solid removable metal barriers shall isolate the major primary sections of each circuit. Two rear covers shall be furnished for each vertical section for circuit isolation and ease of handling. Refer to drawings for any size limitations.

B. The stationary primary contacts shall be silver-plated and recessed within insulating tubes. A metal or lexan shutter shall automatically cover the stationary primary disconnecting contacts when the breaker is in the disconnected position or out of the cell. Provide rails to allow withdrawal of each [27,38] [__]kV circuit breaker for inspection and maintenance without the use of a separate lifting device. 

C. Cubicles designated as future on the one line diagram shall be furnished with vertical bus, multiratio current transformers, metering and relaying as per one line diagram.  The cubicle shall be equipped for a future breaker element.

D. All the space heaters within each assembly shall be controlled by one thermostat and furnished with a single pole circuit breaker for supply disconnect.  The entire circuit shall be wired to an accessible terminal block provided for a single connection for the external power source.

E. All metal work shall be free from burrs and sharp edges.

F. Each front and rear compartment door shall be provided with a formed steel hinged door with hand operated door latches.  Each door shall have provisions for padlocking.

G. The switchgear shall be capable of extension from either end at a future date without modification to existing structural members.

H. The depth of the finished equipment shall be sufficient to allow for entrance, bending, and termination of power cables.  Individual units shall be provided for top or bottom entrance as specified.  A minimum of 33 inches of clearance between terminal pads and the cable entrance shall be provided.

2.3 bus and Bus supports

A. The main bus shall be copper and have flame-retardant and track-resistant epoxy insulation. The bus supports between units shall be flame-retardant, track-resistant, glass polyester for [27] [38] kV class. The switchgear shall be constructed so that all buses, bus supports and connections shall withstand stresses that would be produced by currents equal to the momentary ratings of the circuit breakers. A set of [1200] [2000] ampere insulated [silver-plated] [tin-plated] copper main bus shall be provided and have provisions for future extension. All bus joints shall be plated, bolted and insulated with easily installed boots. The bus shall be braced to withstand fault currents equal to the close and latch rating of the breakers. The temperature rise of the bus and connections shall be in accordance with ANSI standards and documented by design tests.

B. The main power bus shall be copper tubular type with silver plated joints and shall be silver plated along the entire length to a thickness between 0.0001 inches and 0.0005 inches.

C. A ¼ x 2 inch silver plated copper ground bus shall extend the entire length of the switchgear.

D. The main bus pass through insulators and main bus stand off insulator supports shall be molded of cycloaliphatic epoxy.

E. The main bus joints shall be insulated using poured-in-place polyurethane.

F. Use [Compression type cable lug] [Clamp type cable lug] [cable terminator] [pothead] connections shall be furnished in cable compartments as shown on the plan drawings.

2.4 [surge arresters]

A. [Station class surge arresters shall be provided in the incoming sections.] 

2.5 Wiring/terminations

A. The switchgear manufacturer shall provide suitable terminal blocks for secondary wire terminations and a minimum of 10% spare terminal connections shall be provided. One control circuit cutout device shall be provided in each circuit breaker housing. Switchgear secondary control wire shall be (minimum)  #14 AWG (#12 for CT circuits)  type SIS, 41 strand extra flexible, stranded copper or larger rated 600 volt, 90 degrees C, furnished with wire markers at each termination. All control wiring shall be UL listed and have a VW-1 flame retardant rating. Wires shall terminate on terminal blocks with marker strips numbered in agreement with detailed connection diagrams.

B. Exposed wiring shall be suitably protected against contact with sharp edges.  Throughout the assembly it must be neatly bundled and secured with nylon wire ties.  Where control wiring passes from cubicle to door it must be wrapped with suitable protection so as to prevent damage.  Holes cut to allow control wires to pass from cubicle to cubicle will have a grommet for protection.

C. Each control wire shall e marked at both terminations to agree with wiring diagrams.  Plastic wire markers of either the slip on or heat shrink variety shall be provided.

D. Incoming line and feeder cable lugs of the type and size indicated elsewhere shall be furnished.

2.6 Circuit breakers

A. The circuit breakers shall be horizontal drawout type, capable of being withdrawn. The breakers shall be operated by a motor-charged stored energy spring mechanism, charged normally by a universal electric motor and in an emergency by a manual handle. The primary disconnecting contacts shall be silver-plated copper.

B. Each circuit breaker shall contain three vacuum interrupters separately mounted in a self-contained, self-aligning pole unit, which can be removed easily. The vacuum interrupter pole unit shall be mounted on glass polyester supports for [27] [38] kV class. A contact wear gap indicator for each vacuum interrupter, which requires no tools to indicate available contact life, shall be easily visible when the breaker is removed from its compartment. The breaker front panel shall be removable when the breaker is withdrawn for ease of inspection and maintenance.

C. The secondary contacts shall be silver-plated and shall automatically engage in the breaker operating position, which can be manually engaged in the breaker test position.

D. Interlocks shall be provided to prevent 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.

E. The breakers shall be electrically operated by the following control voltages: [48] [125] [250] V [dc], [120][230] V [ac] close and trip]

F. Each breaker shall be complete with control switch and red and green indicating lights to indicate breaker contact position.

G. Close and trip circuits shall be separately fused. Fuse blocks shall be dead front, pull-out type.

H. Each breaker shall have a minimum of 4 normally open and 4 normally closed auxiliary contacts wired to accessible terminal blocks for the Buyer’s use.


I. [DC power [__]V will be provided by the Owner from the Plant battery system.]

J. The continuous current capacity of each power circuit breaker shall be [1200A] [2000A] [2500A with fan forced air cooling] as indicated on the drawings or data sheets. 

K. No lift truck, rails, ramps, channels, or transport device of any kind shall be required in order to move a circuit breaker from floor level to the fully connected position.

2.7 Protective relays

A. 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.  Unless otherwise approved, protective relays shall be manufactured by  GE/Multilin, ABB, Basler, Cutler Hammer, Schweitzer, or Siemens.

B. In general, microporcessor based multi-function and solid state relays shall be provided.

C. Relays shall operate from the 5-ampere secondary output of current transformers

D. The primary current transformer rating being used for phase and ground protection feeding the device shall be programmable for current transformers with primary current ratings from 5 through 5,000 amperes.

E. Current and potential test blocks and plugs (GE PK2) shall be provided for all metering and protection circuits.

F. The Seller shall confirm all current and potential transformer ratings.


2.8 Auxiliary Devices

A. Current transformers shall be furnished as indicated on the contract drawings. The thermal and mechanical ratings of the current transformers shall be coordinated with the circuit breakers. Their accuracy rating shall be equal to or higher than ANSI standard requirements. The standard location for the current transformers on the bus side and line side of the breaker units shall be front accessible to permit adding or changing current transformers without removing high-voltage insulation connections. Shorting terminal blocks shall be furnished on the secondary of all the current transformers.

B. Voltage and control power transformers of the quantity and ratings indicated in the detail specification shall be supplied. Voltage transformers shall be mounted in drawout drawers contained in an enclosed auxiliary compartment. The voltage transformer primary connections shall utilize Hipoxy-2000® insulated bus bar. Rails shall be provided for each drawer to permit easy inspection, testing and fuse replacement. Shutters shall isolate primary bus stabs when drawers are withdrawn.

C. [Auxiliary contacts to provide circuit breaker element position indication (Truck Operated Cell switch or TOC) and to provide circuit breaker contact position (Mechanism Operated Cell switch or MOC) shall be available as specified.]

D. A  mechanical interlock shall be provided to require the secondary breaker to be open before the CPT drawer or CPT primary fuse drawer can be withdrawn.

2.9 Automatic transfer schemes - 

A. Relay and control equipment shall be provided to maximize continuity of service by detecting problems with the power source (undervoltage, loss of phase, etc) and transferring the load bus to the alternate source.

B. The Seller shall all equipment (PTs and CPTs, relays, switches, lights, etc.), design, and programming as required to implement the breaker transfer schemes indicated on the contract drawings.

C. Manual maintenance transfer (with momentary paralleling of buses) shall be provided. The Seller shall develop logic and interlocks as required to provide safe operation of main and tie circuit breakers
2.10 Utility Metering

A. Where shown on drawings, provide separate barriered-off utility metering compartment or structure complete with hinged sealable door. Bus work shall include provisions for mounting current transformers and potential transformers as required by the Uility. Provide service entrance label and provide necessary applicable service entrance features per NEC and local code requirements.

2.11 Customer Metering

A. Provide customer metering devices where shown on the drawings. Where indicated provide provisions for locking of customer metering compartments including associated instrument transformers.

B. Provide current transformers for each meter. Current transformers shall be wired to shorting type terminal blocks.

C. Potential transformers including primary and secondary fuses with disconnecting means for metering as shown on the drawings.


D. Meters

1. Where indicated on the drawings provide a digital line multifunction meter (MFM) device , Multilin PQM or approved equal. The MFM shall provide the adjustable protection functions indicated and the capability to communicate data via twisted pair network. 

2. Control power shall be capable of being supplied from the monitored incoming AC line without the need for a separate AC supply control circuit or separate remote power source where shown on the drawings

3. An RS232 computer interface port shall be located on the front panel. Two RS485 and one RS232 communication ports shall also be provided for simultaneous access using ModBus RTU protocol. Windows based software shall be provided to enable setpoint programming.

4.
Where indicated on the drawings, Utility grade kilowatt-hour revenue meters with a minimum accuracy of 0.25 percent of reading, capable of coincidental metering of demand and usage shall be provided. An output which will provide kW, kV, kWhr, power factor, peak kW, etc. shall be provided with a RS485 communication card. Supporting reporting and diagnostic software shall also be provided.

2.12 [Zig-Zag grounding transformer]

A. [The zig-zag grounding transformer and resistor shall be designed, manufactured and tested in accordance with IEEE 32.]

B. [The transformer and resistor shall be suitable for installation outdoors.]

C. [The transformer and resistor shall be rated to for 400 A, 10 sec.]

D. [The resistor shall be equipped with a 200/5 current transformer and shorting terminal block.]

2.13 Switchgear Enclosure

A. The switchgear shall consist of breaker and auxiliary units assembled for form a rigid, self- supporting, metal enclosed structure. In each unit, major circuit components (breakers, buses, transformers) shall be completely enclosed by grounded metal barriers, including a front barrier as part of the circuit breaker.

B. Each vertical section shall be provided with space heaters. Tubular type heaters operated at half voltage for long life shall be supplied. 500-volt or 250-volt rated heaters shall be used at 240 or 120 volts, respectively

C. For rigidity during fault conditions, all connections to roll-out potential transformer trays and control power transformer trays shall be rigid bus bars insulated to the full voltage rating of the switchgear assembly. 

D. Circuit breaker compartments shall be designed to house 15 kV removable-element circuit breakers. Stationary primary disconnect contacts shall be silver-plated copper. Grounded metal safety shutters shall isolate all primary connections in the compartment when the breaker is withdrawn from the connected position.

E. Power for space heaters, lighting, receptacles, battery charger, etc. will be furnished by the Owner.

F. Heaters shall be wired to provide temporary heating during storage.

G. The Owner will furnish a 125 V dc feeder from the Plant battery system for breaker trip and close control power.

2.14 Nameplates

A. Engraved nameplates shall be furnished for all main and feeder assemblies as indicated on the drawings. Nameplates shall be laminated plastic, black characters on white background, and secured with screws. Characters shall be 5/32-inch high, minimum. Nameplates shall give item designation and circuit number as well as frame ampere size and appropriate trip rating. Furnish master nameplate giving switchgear designation, voltage ampere rating, short-circuit rating, manufacturer's name, general order number, and item number.  Cubicle nameplates shall be mounted:

1. On the front face

2. On the rear panel

3. Inside the assembly, visible when the rear panel is removed

B. 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 wiring diagrams.

C. The manufacturer shall not remove, reuse, alter, or replace original equipment nameplates or equipment tags associated with equipment or components supplied by the manufacturer’s suppliers and sub-suppliers.

D. Identification nameplates shall be white with black letters, caution nameplates shall be yellow with black letters, and warning nameplates shall be red with white letters.

2.15 Finish

A. All steel structure members shall be cleaned, rinsed, and phosphatized prior to painting.

B. The Switchgear shall be painted with an electrostatically applied polyester powder with final baked on average thickness between 1.5 and 2.0 mils and meet ANSI requirements for [indoor] [outdoor] equipment.

C. All exterior surfaces of the switchgear assembly shall be given final finish coats of ANSI 61 gray as standard.

D. Finish shall have a minimum pencil hardness of 2H as tested per ASTM D3363 and shall pass the SATM B117 Salt spray test for a minimum of 1000 hours.

2.16 Accessories

A. The switchgear manufacturer shall furnish accessories for test, inspection, maintenance, and operation, including:

1. One -- Maintenance tool for manually charging the breaker closing spring and manually opening the shutter

2. One -- Levering crank for moving the breaker between test and connected positions

3. One -- Test jumper for electrically operating the breaker while out of its compartment

4. One – Ground and test device

5. One -- Portable lifting device for lifting the breaker on or off the rails

6. One -- Test cabinet for testing electrically operated breakers outside housing

Part 3 - Execution

3.1 Factory Testing and examination

A. The following standard factory tests shall be performed on the circuit breaker element provided under this section. All tests shall be in accordance with the latest version of ANSI standards.

1. Alignment test with master cell to verify all interfaces and interchangeability

2. Circuit breakers operated over the range of minimum to maximum control voltage

3. Factory setting of contact gap

4. One-minute dielectric test per ANSI standards

5. Final inspections and quality checks

B. The following production test shall be performed on each breaker housing:

1.
Alignment test with master breaker to verify interfaces

2.
One-minute dielectric test per ANSI standards on primary and secondary circuits

3.
Operation of wiring, relays and other devices verified by an operational sequence test

4.
Final inspection and quality check.

C. The manufacturer shall provide [__] certified copies of factory test reports.

3.2 Installation (BY OTHERS)

A. The Installation Contractor shall install all equipment per the manufacturer's recommendations and contract drawings.

3.3 Field Quality Control

A. Provide the services of a qualified factory-trained manufacturer's representative to assist the Installation Contractor in installation and start-up of the equipment specified under this section. The manufacturer's representative shall provide technical direction and assistance to the contractor in general assembly of the equipment, connections and adjustments, and testing of the assembly and components contained therein.

B. The Seller shall provide three [__] copies of the manufacturer's field start-up report.

3.4 Field Adjustments

A. The relays shall be set in the field by a qualified representative of the manufacturer, retained by the Installation Contractor, in accordance with settings designated in a coordinated study of the system.

3.5 Field Testing (By OTHERS)

A. The Installation Contractor will test all equipment in accordance with the manufacturer’s recommendations.

3.6 Manufacturer's Certification

A. A qualified factory-trained manufacturer's representative shall certify in writing that the equipment has been installed, adjusted and tested in accordance with the manufacturer's recommendations.

B. The Contractor shall provide [__] copies of the manufacturer's representative's certification.

3.7 Training

A. The Seller shall provide a training session for up to 4 owner's representatives for 1 normal workday at a jobsite location determined by the owner.

B. The training session shall be conducted by a manufacturer's qualified representative. Training program shall include instructions on the assembly, circuit breaker, protective devices, and other major components.
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	Exterior Finish

	 FORMCHECKBOX 
  ANSI 61 Light Gray
 FORMCHECKBOX 
  ANSI 24 Dark Gray
	
	 FORMCHECKBOX 
  ANSI 61 Light Gray
 FORMCHECKBOX 
  ANSI 24 Dark Gray

	 FORMCHECKBOX 
  Other 
	
	 FORMCHECKBOX 
  Other 

	
	
	

	Protective Relays
	
	Protective Relays

	Manufacturer and type – GE/Multilin
	
	Manufacturer and type

	
	
	

	Battery and Charger – by Owner
	
	Battery Requirements 

	Battery type, manufacturer, size, voltage
	
	Control power requirements

	Battery charger type, manufacturer, size, voltage
	
	Trip coil voltage range:

	
	
	Close coil voltage range:

	System Fault Levels / Other Information:
	
	Trip coil current:

	
	
	Close coil current:

	[__] kA Sym Rms. - Interrupting
	
	Spring charging motor, inrush current:

	[__] kA Asym. Rms – Momentary 
	
	Spring charging motor, wind up current:

	
	
	Misc. controls, current:

	
	
	Recommended size of circuit protection :


e-DET-500 (04/07)
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