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SECTION 16280 - POWER FACTOR CORRECTION CAPACITORS

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes [power] [automatic power] factor correction equipment rated 600 V and less.

1.3 SUBMITTALS

A. Product Data:  For each type of product indicated.  Include [dimensions; shipping, installed, and operating weights of multiple capacitor cells or elements; and] data on features, ratings, and performance.

Retain paragraph and subparagraph below for automatic power factor correction units.

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, method of field assembly, components, and location and size of each field connection.  Show access and workspace requirements and required clearances.

1. Wiring Diagrams:  Detail internal and interconnecting wiring and differentiate between manufacturer-installed and field-installed wiring.

Retain paragraph and subparagraphs below if Project is located in a seismic one.  Coordinate with Division 16 Section "Seismic Controls for Electrical Work" and with seismic-related requirements in Part 3 of this Section.

C. Manufacturer Seismic Qualification Certification:  Submit certification that capacitor equipment will withstand seismic forces defined in Division 16 Section "Seismic Controls for Electrical Work."  Include the following:

1. Basis of Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.

Retain one of first two subparagraphs below to define the term "withstand" as it applies to this Project.  Definition varies with type of building and occupancy and is critical to valid certification.  Second definition is used for essential facilities where equipment must operate immediately after an earthquake.

2. The term "withstand" means "the unit will remain in place without separation of internal and external parts during a seismic event."

3. The term "withstand" means "the unit will remain in place without separation of internal and external parts during a seismic event and the unit will be fully operational after the event."

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

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

Delete paragraph below if testing agency qualifications are deleted from "Quality Assurance" Article.

D. Qualification Data:  For firms and persons specified in "Quality Assurance" Article.

Delete first paragraph below if reports will not be reviewed.

E. Factory Test Reports:  Evidence of product's compliance with specified requirements.

F. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.

G. Maintenance Data:  For equipment to include in maintenance manuals specified in Division 1.  Include the following:

1. Lists of spare parts and replacement components recommended for storage at Project site.

2. Detailed instructions covering operation under both normal and abnormal conditions.

1.4 QUALITY ASSURANCE

Delete paragraph and subparagraph below for noncritical projects if testing by Contractor is acceptable.

A. Testing Agency Qualifications:  Testing agency as defined by OSHA in 29 CFR 1910.7 or a member company of the InterNational Electrical Testing Association and that is acceptable to authorities having jurisdiction.

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association or the National Institute for Certification in Engineering Technologies to supervise on-site testing specified in Part 3.

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

C. Comply with IEEE 18 and NEMA CP 1.

D. Comply with NFPA 70.

1.5 COORDINATION

Retain this Article if automatic power factor correction units are to be monitored by equipment specified in Division 16 Section "Electrical Power Monitoring and Control."

A. Coordinate sensor-communication module package with data network and with monitoring equipment specified in Division 16 Section "Electrical Power Monitoring and Control" for successful transmission and remote readout of remote monitoring data specified in this Section.

1.6 WARRANTY

Retain this Article if a special warranty is required for capacitor equipment.  See Editing Instruction No. 6 in the Evaluations.

When warranties are required, verify with Owner's counsel that special warranties stated in this Article are not less than remedies available to Owner under prevailing local laws.  Coordinate with Division 1 Section "Warranties."

A. General Warranty:  Special warranty specified in this Article shall not deprive Owner of other rights Owner may have under other provisions of the Contract Documents and shall be in addition to, and run concurrent with, other warranties made by Contractor under requirements of the Contract Documents.

B. Special Warranty:  Written warranty, executed by manufacturer agreeing to repair or replace capacitor-bank components that fail in materials or workmanship within specified warranty period.

Below is an example only.  Verify available warranties and length of warranty period with manufacturers selected.

C. Special Warranty Period for Capacitor Cells:  [Five] <Insert number> years from date of Substantial Completion.

1.7 EXTRA MATERIALS

Extra materials may not be allowed for publicly funded projects.

A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.  Deliver extra materials to Owner.

Add other items below to suit Project.

1. Fuses:  <Insert number> for every <Insert number> of each type and rating, but not less than 3 of each.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

Retain above for nonproprietary or below for semiproprietary Specification.  Refer to Division 1 Section "Materials and Equipment."

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

See Editing Instruction No. 1 in the Evaluations for cautions about naming products and manufacturers.  Delete categories below not required for Project.

1. Power Factor Correction Capacitors:

a. ABB Control, Inc.

b. Aerovox Inc.

c. ARCO Electric Products Corp.

d. Commonwealth Sprague Capacitor, Inc.

e. General Electric Co.; Business Information Center.

f. Powell Electric Manufacturing Co.

g. Ronk Electrical Industries, Inc.

h. Square D Groupe Schneider.

i. Steelman Industries, Inc.

j. Time Mark Corp.

k. Versatex Industries.

2. Automatic Power Factor Correction Units:

a. ABB Control, Inc.

b. General Electric Co.; Business Information Center.

c. Square D Groupe Schneider.

d. Versatex Industries.

2.2 CAPACITORS, GENERAL

A. Unusual Service Conditions:  Capacitor equipment suitable for the following conditions:

If unusual service conditions for this equipment exist and cannot be eliminated, specify them here.  Otherwise, delete paragraph above.  See Editing Instruction No. 2 in the Evaluations.

B. Construction:  Multiple capacitor cells or elements, factory wired in three-phase groups and mounted in metal enclosures.

Most capacitor cells for power factor correction on low-voltage power systems are the type described below, but other types are available.  See Editing Instruction No. 3 in the Evaluations.

C. Capacitor Cells:  Dry, metallized-dielectric, self-healing type.  Each cell shall be encapsulated in thermosetting resin inside plastic container.

D. Cell Rupture Protection:  Pressure-sensitive circuit interrupter for each cell.

Delete paragraph and subparagraphs below if capacitor banks are unfused.

E. Capacitor-Bank Fuses:  Current-limiting, noninterchangeable type; factory installed in each phase and located within the equipment enclosure.  Features include the following:

1. Interrupting Capacity:  200,000 A, minimum.

2. Fuse Ratings and Characteristics:  As recommended by capacitor manufacturer.

Delete subparagraph below if not required.

3. Neon Indicator Lamp for Each Fuse:  Connect to illuminate when fuse has opened, but is still in place, and locate so it is visible from outside the enclosure.

NFPA 70, Article 460, requires that capacitors have a way to reduce residual voltage to 50 V or less within 60 seconds of disconnection from supply source.  If capacitor is directly connected to a motor or other equipment terminals, windings of connected unit may serve the above function.  Paragraph below applies if resistors are to provide or back up capacitor discharge function.

F. Discharge Resistors:  Factory installed and wired.  [Resistors may be omitted if permitted by NFPA 70.]

Coordinate paragraph and subparagraphs below with Drawings.  See Editing Instruction No. 4 in the Evaluations.

G. Enclosure:  NEMA 250, steel or aluminum, arranged to contain the fluid leakage from capacitor cells; factory equipped with mounting brackets suitable for type of mounting indicated.

1. Indoor Enclosures:  NEMA 250, Type 12 or as indicated.

2. Outdoor Enclosures:  NEMA 250, Type 4, equipped with watertight conduit connections.

2.3 FIXED CAPACITORS

Coordinate paragraphs below with Drawings and schedule.  Delete references to fuses if all fixed capacitors are unfused.

A. Description:  Integrally fused, unless otherwise indicated.

B. Internal Wiring:  Factory wired, ready for field connection to external circuits at a single set of pressure terminals.

2.4 AUTOMATIC POWER FACTOR CORRECTION UNITS

A. Comply with NEMA ICS 2.

Edit paragraph below to suit Project.  Coordinate with Drawings.

B. Description:  Capacitor banks, contactors, controls, and accessories factory installed in [independent enclosures] [motor-control center, with a connection to motor-control center bus].  Units include a separately mounted current transformer to sense current in the power circuit being corrected and to provide input to unit controls.

C. Performance Requirements:  Controls permit selection of a target power factor, adjustable to any value between unity and 0.80 lagging.  Controls continuously sense the power factor on circuits being corrected and, when the power factor differs from the target setting for more than 10 seconds, operate a contractor to switch a capacitor bank into or out of the circuit.  Contactors are opened or closed as required to bring the corrected circuit power factor closer to the target setting.  Switch only one capacitor bank at a time.

D. Controls:  Solid-state, microprocessor-based controls, including the following:

1. Undervoltage relay that interrupts capacitor switching and disconnects capacitors for power supply interruptions longer than 15 minutes.

2. "Advance" and "Retard" push buttons on the control panel to permit manually controlled capacitor-bank switching.

E. Contactors:  Three pole; rated for the repetitive high-inrush-switching duty in the capacitor application.

F. Buses:  Plated copper.

For fault-current considerations for first three paragraphs below, see Editing Instruction No. 5 in the Evaluations.  Indicate maximum fault current at capacitor input terminals on Drawings.

G. Fuses for Protection of Capacitor Banks:  Rated to protect contactor, interconnecting wiring, and capacitors.

H. Inductors:  Air-core-type, connected in capacitor circuits; rated to limit switching surges to within contactor ratings.

I. Mechanical Bracing for Current-Carrying Parts:  Adequate to withstand the maximum fault current to which they may be exposed.

J. Identification of Energized Capacitor Banks:  LED indicating lamps on front panel.

K. Enclosure Access:  Hinged door with hand-operated catch.  Door is interlocked with controls or main circuit breaker to de-energize capacitors when door is opened.

L. Local Display:  LED or liquid-crystal digital type, mounted in door of enclosure.

1. Indicated target and actual power factors.

2. Accuracy:  Plus or minus 1 percent.

3. Mounting:  Flush or semiflush in unit door.

Coordinate paragraph below with Drawings.

M. Current Transformer:  Type, configuration, and ratio to suit sensing and mounting conditions.

Two paragraphs and associated subparagraph below specify optional features.  Delete those not required.

N. Main Circuit Breaker:  Operable from outside the enclosure to disconnect the unit.

1. Operating handle can be padlocked.

Coordinate below with Drawings and with Division 16 Section "Electrical Power Monitoring and Control."  Edit to suit Project and to reflect capability of electrical power monitoring and control system specified.

O. Remote Monitoring Components:  Sensors, associated communication modules, and network interface units, matched to and compatible with electrical power monitoring and control network.  Communication module transmits data to remote monitoring devices.  Data includes [actual corrected power factor] [number of capacitor steps connected].

2.5 FACTORY FINISH

A. Manufacturer's standard enamel over corrosion-resistant treatment or primer coat.

2.6 SOURCE QUALITY CONTROL

A. Factory test power factor correction equipment before shipment.  Comply with NEMA CP 1.  Include the following:

1. Routine capacitor production tests, including short-time overvoltage, capacitance, leak, and dissipation-factor tests.

Delete below unless automatic system is specified.

2. Functional test of all operations, controls, indicators, sensors, and protective devices.

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Install freestanding equipment on concrete bases.  Cast-in-place concrete is specified in Division 3.

Retain paragraph below if seismic criteria apply.

B. Comply with mounting and anchoring requirements specified in Division 16 Section "Seismic Controls for Electrical Work."

C. Maintain minimum workspace according to manufacturer's written instructions.

Retain below if remote monitoring is specified in Part 2.

D. Connect remote monitoring communication module to electrical power monitoring and control data network through appropriate network interface unit.

3.2 IDENTIFICATION

Select Division 16 Section "Basic Electrical Materials and Methods" for projects with simple requirements and Division 16 Section "Electrical Identification" for projects with complex requirements.

A. Identify components according to Division 16 Section "[Basic Electrical Materials and Methods] [Electrical Identification]."

3.3 FIELD QUALITY CONTROL

A. Testing Agency:  Owner will engage a qualified testing agency to perform field quality-control testing.

Delete paragraph above or below.  Retain below if testing agency services are in this Contract.  Delete both paragraphs if an independent testing agency is not required.

B. Testing Agency:  Engage a qualified independent testing agency to perform field quality-control testing.

Normally, select paragraph below for projects that include automatic power factor correction equipment and for projects where an independent testing agency is not used.

C. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect [automatic power factor correction] equipment installation and connections.  Report results in writing.  Include the following:

Retain subparagraph below if an independent testing agency is not used.

1. Operational Test:  After electrical circuits have been energized, connect and observe units to confirm proper operation.

Retain subparagraph below if Project includes automatic power factor correction equipment.

2. Replace damaged and malfunctioning controls and equipment.

D. Inspection:  Perform external and internal inspections of capacitor equipment for damage and for compliance with the Contract Documents and manufacturer's documentation.  Check electrical and mechanical bolted connections for required torquing.

Retain paragraph below if seismic criteria apply.

E. Inspection of Seismic Controls:  Check type, size, quantity, arrangement, and installation of equipment mounting and anchorage devices against requirements indicated in manufacturer's certification.

F. Testing:  Perform the following and certify compliance with test parameters:

Retain subparagraph below if seismic criteria apply and if anchorage device testing is required in Division 16 Section "Seismic Controls for Electrical Work."

1. Test mounting and anchorage devices according to requirements in Division 16 Section "Seismic Controls for Electrical Work."

2. Test insulation resistance between capacitor terminals and case.  Follow manufacturer's written instructions or those below:

a. Use test voltages 500 V minimum, for equipment rated 250 V and less, and 1000 V minimum, for equipment rated more than 250 V.

b. Apply test voltage for 60 seconds.

c. Investigate, report, and resolve insulation resistance less than that stated by manufacturer's literature or less than allowable 25 megohms for equipment rated 250 V and less and 100 megohms for equipment rated more than 250 V.

3. Measure capacitance of pole-to-pole capacitor combinations and compare with manufacturer's published values.  Report readings, and investigate and resolve discrepancies more than 10 percent of manufacturer's nominal values.

4. Energize circuits and demonstrate electrical operating features of automatic power factor correction units according to manufacturer's written instructions.

Delete subparagraph below unless remote monitoring is specified in Part 2.

5. Verify accuracy of remotely monitored parameters transmitted from automatic power factor correction units by communication module.

G. Correct deficiencies shown by inspections and tests on site where possible, and retest; otherwise, remove and replace with new units and retest.

H. Report of Tests and Inspections:  Written record [including adjustment settings].

3.4 ADJUSTING

Delete this Article except for automatic equipment.

A. Adjust for optimum automatic power factor correction.

3.5 CLEANING

A. After completing equipment installation, inspect unit components.  Remove paint splatters and other spots, dirt, and debris.  Repair damaged finish to match original finish.

B. Clean components internally, on completion of installation, according to manufacturer's written instructions.

3.6 DEMONSTRATION

Delete this Article unless required for automatic power factor correction units.

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain automatic power factor correction units.  Demonstrate method of determining optimum settings for system controls.

1. Train Owner's maintenance personnel on procedures and schedules for connecting and disconnecting, troubleshooting, servicing, and maintaining equipment and schedules.

2. Review data in maintenance manuals.  Refer to Division 1 Section "Contract Closeout."

Delete subparagraph above or below depending on which Section is retained in Division 1.

3. Review data in maintenance manuals.  Refer to Division 1 Section "Operation and Maintenance Data."

4. Schedule training with Owner with at least seven days' advance notice.

Revise number of training hours below to suit Project.  Coordinate with Division 1.

5. Conduct a minimum of two hours' training as specified in Division 1 Section "Contract Closeout."

END OF SECTION 16280
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