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SECTION 16146 - LIGHTING CONTROLS
This Section uses the term "Architect."  Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.
Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.
PART 1 - GENERAL

1 RELATED DOCUMENTS

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

1 SUMMARY

Select one of three paragraphs below to describe basic system type.
1 This Section includes manual and programmable, low-voltage lighting controls.

1 Related Sections include the following:

List below only products and equipment that the reader might expect to find in this Section but are specified elsewhere.
1 Division 16 Section "Wiring Devices" for wall-box dimmers and manual light switches.

1 Division 16 Section "Lighting Control Devices" for time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.

1 Division 16 Section "Dimming Controls" for architectural dimming system equipment.

1 SUBMITTALS

1 Product Data:  Include dimensions and data on features, components, and ratings for lighting controls.

1 Shop Drawings:  Detail assemblies of standard components, custom assembled for specific application on Project.  Indicate dimensions, weights, arrangement of components, and clearance and access requirements.

1 Wiring Diagrams:  Detail specific systems tailored to this Project and differentiate between manufacturer-installed and field-installed wiring.

1 Operational Documentation:  For software and firmware.

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

1 Maintenance Data:  For lighting control equipment and system components to include in maintenance manuals specified in Division 1.  Include software operating manuals.

1 Warranties:  Special warranties specified in this Section.

1 QUALITY ASSURANCE

1 Installer Qualifications:  An experienced installer who is an authorized representative of the programmable lighting system manufacturer for both installation and maintenance of units required for this Project.

1 Manufacturer Qualifications:  A firm experienced in manufacturing programmable lighting controls similar to those indicated for this Project and with a record of successful in-service performance.

Delete one or both paragraphs below to suit Project and type of system specified.  See Evaluations.  Retain first paragraph for systems using electrically operated, molded-case circuit breakers.
1 Source Limitations:  Obtain low-voltage lighting control system components from a single manufacturer.

Edit subparagraph below to refer to Sections included for this Project that are involved in lighting control.
1 Provide total responsibility for compatibility of system components, including those provided in this Section and in Division 16 Sections "Lighting Control Devices" and "Dimming Controls."

1 Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, for their indicated use and installation conditions by a testing agency acceptable to authorities having jurisdiction.

1 Comply with 47 CFR, Subparts A and B, for Class A digital devices.

1 Comply with NFPA 70.

1 COORDINATION

1 Coordinate features of equipment and system components to form an integrated system of compatible components.  Match components and interconnections for optimum performance of specified functions.

Edit paragraph below to reference only Sections in this Project.
1 Coordinate lighting controls specified in this Section with work specified in other Sections, including the following:

1 Division 15 Section "Sequence of Operation."

1 Division 16 Section "Lighting Control Devices."

1 Division 16 Section "Panelboards."

1 Division 16 Section "Dimming Controls."

1 WARRANTY

Retain this Article if a special warranty is required for programmable lighting controls.
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."
1 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.

1 Special Warranty:  Written warranty, executed by manufacturer agreeing to repair or replace components of programmable lighting controls that fail in materials or workmanship within specified warranty period.

Paragraphs below are examples only.  Verify available warranties and length of warranty period with manufacturers selected.
1 Special Warranty Period for Programmable Systems:  Two years from date of Substantial Completion.

Delete below unless electrically held, modular single-pole relays are permitted for lighting control use.
1 Special Warranty Period for Electrically Held Relays:  10 years from date of Substantial Completion (for furnishing replacement relays only after second year).

1 EXTRA MATERIALS

Extra materials may not be allowed for publicly funded projects.
1 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.

Revise subparagraphs below to suit Project.  Quantities indicated are examples only.
1 Modular Single-Pole Relays:  1 for every 10 installed.  Furnish at least one of each type.

1 Electrically Operated, Molded-Case Circuit Breakers:  1 for every 20 of each type and rating installed.  Furnish at least one of each type.

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."
See Editing Instruction No. 1 in the Evaluations for cautions about naming products and manufacturers.
1. Cutler-Hammer Products; Eaton Corporation.

2. GE Lighting Controls.

3. Honeywell, Inc.; Home and Building Controls.

4. Johnson Controls, Inc.; Controls Group Div.

5. Lithonia Control Systems.

6. Lutron Electronics Co., Inc.

7. Square D Co.; Power Management Organization.

8. Tork, Inc.

9. The Watt Stopper
10. Triatek

2.2 GENERAL REQUIREMENTS

A. Expansion Capability of System:  Adequate to increase the number of control functions in the future by 25 percent more than those indicated.  This applies to equipment ratings, housing volumes, spare relays, terminals, and control cable conductor quantities.

B. Line-Voltage Surge Protection:  Include in all 120-V solid-state equipment.  Comply with UL 1449 and with ANSI C62.41 for Category A locations.

C. Comply with UL 916.

2.3 FUNCTIONAL SYSTEM DESCRIPTION

Select from three paragraphs below to describe Project system performance.  Edit paragraphs and add material to provide accurate description.  Coordinate with Drawings.
Paragraph below describes operation of basic manual system.
Paragraph below describes programmable system programmed for manual operation.
Below describes programmable system programmed for manual or automatic operation.
A. A control signal from a manual switch, an internal timing and control unit, or an external sensor or other control signal source is routed to the system control module.  This module processes signal according to its programming and routes an "open" or "close" command to one or more relays in the power-supply circuits to groups of lighting fixtures or other loads.

2.4 SYSTEM COMPONENTS

Control module descriptions below are examples applicable to five types of programmable systems.  Delete all for a manually controlled system with no programming capability.  For a programmable system, or a manual system with future programmable capability, select paragraph that best suits Project.  Edit paragraph and select subparagraphs that specify required features and options.  Consult manufacturers' literature for type of system selected to avoid specifying inappropriate items.  Coordinate with Drawings.
Paragraph below is a generic control module description devoid of features that define it as a product of specific manufacturers.  Use for Specification intended for broadest range of qualified suppliers.
Paragraph below is typical of systems developed by time-switch manufacturers as an expansion and refinement of their microprocessor-based digital time-switch lines.
Paragraph below is typical of low-voltage control systems developed by high-end, remote-control dimmer system manufacturers.
Paragraph below is typical of low-voltage control systems developed around panelboards that use electrically operated, molded-case, branch circuit breakers and have control module installed in panelboard.
Paragraph below is a refinement of classic low-voltage control system originally developed for manual, multipoint lighting control using latching-type, single-pole relays to switch 120- and 277-V circuits.
A. Control Module Description:  Programmable, microprocessor-based control unit mounted in preassembled modular relay panel.  Low-voltage-controlled, latching-type, single-pole lighting circuit relays are prime output circuit devices.  Where indicated, a limited number of digital or analog, low-voltage control circuit outputs are supported by control unit and circuit boards associated with relays.  Control unit receives inputs from indicated sensors and other sources.  Line-voltage components and wiring are separated from low-voltage components and wiring by barriers.  Control module is locally programmable.  Modules and their associated control panels include the following features:

Features in subparagraphs below may be available with all five types of programmable units above.  Delete those not required.  Coordinate with Drawings.
1. System Memory:  Nonvolatile.  Reboots program and resets time automatically without errors after power outages up to 90 days' duration.

2. Automatic Time Adjustment:  System automatically adjusts for leap year and daylight saving time and provides weekly routine and annual holiday scheduling.

3. Astronomic Control:  Automatic adjustment of dawn and dusk switching.

If subparagraph below is used and utility meter does not provide pulse signals, add Specification for metering pulse source.
4. Demand Control:  Demand is monitored through pulses from a remote meter and is controlled by programmed switching of loads.  System capability includes sliding window averaging and programming of load priorities and characteristics.  Minimum of two different time-of-day demand schedules execute load-management control actions by switching output circuits or by transmitting other types of load-control signals.

For second control module option above, subparagraph below may require auxiliary display panel.  Coordinate with Drawings.
5. Confirmation:  Each relay or contactor device operated by system has auxiliary contacts connected to provide a confirmation signal to the system of on or off status of device.  On or off status confirmation for each electrically operated circuit breaker is provided by an auxiliary contact or by a sensing device at load terminal.

Select one of two subparagraphs below.
a. Software interprets status signals, provides for their display, and initiates failure signals.

b. Lamp or light-emitting diode at control module or display panel identifies status of each controlled circuit.

6. Remote Communications Capability:  Allows programming, data-gathering interrogation, status display, and controlled command override from an IBM-compatible microcomputer at a remote location over telephone or data lines.  System includes modem, communications and control software, and remote computer compatibility verification for this purpose.  Microcomputer is not in this Contract.

7. Telephone Override Capability:  Overrides programmed lighting shutdown commands by telephoning computer and entering a voice-menu-guided override touch-tone code specific to the zone being controlled.

Override feature below may be applied whether or not remote communication is provided.  Identify and locate override devices on Drawings.
8. Local Override Capability:  Manual, low-voltage control devices override programmed shutdown of lighting and override other programmed control for intervals that may be duration programmed.

9. Automatic battery backup provides power to maintain program and system clock operation for 90 days' minimum duration when power is off.

Features below may not be available with some systems.  Verify availability with manufacturer.
10. Compatibility with dimmer controls permits commands that change preset scenes and dimmer settings according to programmed time signals.

Coordinate features in two subparagraphs below with Drawings and with Specifications for dimming ballasts, dimming equipment, and photoelectric relays in other Sections.
11. Daylight Balancing Dimming Control:  Control module interprets variable analog signal from photoelectric sensor and routes dimming signals to dimming fluorescent ballast control circuits.  Signal controls dimming of fixture so illumination level remains constant as daylight contribution varies.

12. Daylight Compensating Switch Control:  Control module interprets a preset threshold illumination-level signal from a photoelectric relay and activates relays controlling power to selected groups of lighting fixtures to turn them on and off to maintain adjustable minimum illumination level as daylight contribution varies.

13. Flick Warning:  Programmable momentary turnoff of lights warns that programmed shutoff will occur after a preset interval.  Warning is repeated after a second preset interval before end of programmed override period.

14. Diagnostics:  When system operates improperly, software initiates factory-programmed diagnosis of failure and displays messages identifying problem and possible causes.

15. Interface to Energy Management System:  Panels shall communicate and be capable of being controlled by the Energy Management System provided under Division 15.

Select one or more of three paragraphs and associated subparagraphs below to specify basic load switching devices for system.  If contactors or multipole relays are also controlled by system, specify them in Division 16 Section "Lighting Control Devices."  See Evaluations and coordinate with Drawings.
B. Mechanically Held, Modular Single-Pole Relays:  Split-coil, momentary-pulsed type.

1. Low-Voltage Leads:  Five-pin plug connector.

2. Pilot Contacts:  Single pole.

3. Rated Capacity (Mounted in Relay Panel):  20 A, 125-V ac for tungsten filaments; and 20 A, 277-V ac for ballasts.

4. Endurance:  50,000 cycles at rated capacity.

5. Mounting:  Knockout in modular relay panel, unless otherwise indicated.

C. Electrically Held, Modular Single-Pole Relays:  As follows:

1. Rated Capacity (Mounted in Relay Panel):  20 A, 120- and 277-V ac for all types of fluorescent and HID ballasts; and 15 A, 120-V ac for tungsten filaments.

2. Operating Coil:  DC.

3. Mounting:  Modular printed circuit board.  Board is held in place in modular relay panel by quick-release spring pins, unless otherwise indicated.

4. Pilot Device:  Provides positive relay position indication.

5. Special Warranty:  See Part 1 of this Section.

D. Modular Relay Panels:  Steel cabinets, preassembled with modular single-pole relays, power supplies, and accessory components required for specified performance.

1. Barriers separate low-voltage and line-voltage components.

2. Cover:  Hinged, lockable type.

3. Directory:  Mounted on back of door.  Identifies each relay as to bunch loads controlled, and each programmed pilot device, if any.

4. Control Power Supply:  Transformer and full-wave rectifier with filtered dc output.

If electrically operated, molded-case circuit breakers are used for lighting control, retain one of two paragraphs below.
2.5 MANUAL SWITCHES AND PLATES

Coordinate use of manual switches below with required control and override functions.  Coordinate with occupancy sensor applications where used.  Coordinate with switch and wall-plate finish Specifications in Division 16 Section "Wiring Devices" and with dimmer control wall-plate finish Specification in Division 16 Section "Dimming Controls."  Coordinate this Article with Drawings.
A. Switches:  Specification-grade, modular, momentary push-button, low-voltage type.

1. Color:  White, unless otherwise indicated.

Delete optional features in two subparagraphs below if not used.
2. Integral Pilot Light:  Indicates when circuit is on.  Use where indicated.

3. Locator Light:  Internal illumination helps locate switch in the dark.  Use where indicated.

4. Wall Plates:  Match those specified in Division 16 Section "Wiring Devices" to materials, finish, and color.  Use multi-gang plates if more than one switch is indicated at a location.

5. Legend:  Engraved or permanently silk-screened on wall plate where indicated.  Use designations indicated on Drawings.

2.6 LOW-VOLTAGE WIRING

A. Digital and Multiplexed Signal Wire:  Shielded, twisted-pair cable as specified in Division 16 Section "Voice and Data Systems."

B. Low-Voltage Control Cable:  Multiple conductor, color-coded, No. 20 AWG copper, minimum.

1. Sheath:  PVC, except in plenum-type spaces use sheath listed for plenums.

2. Ordinary Switch Circuits:  Three conductors, unless otherwise indicated.

3. Switch Circuits with Pilot Lights or Locator Feature:  Five conductors, unless otherwise indicated.

2 PART  - EXECUTION

2.7 INSTALLATION

Coordinate this Article with Drawings.
A. Install equipment level and plumb and according to manufacturer's written instructions.

B. Mount control equipment according to manufacturer's written instructions and requirements in Division 16 Section "Basic Electrical Materials and Methods."

C. Mounting heights indicated are to bottom of unit for suspended items and to center of unit for wall-mounting items.

2.8 CONTROL WIRING INSTALLATION

A. Install wiring between control devices as specified in Division 16 Section "Conductors and Cables" for low-voltage connections and Division 16 Section "Voice and Data Systems" for digital circuits.

Delete one of two paragraphs below or specify an alternate wiring method, such as cable tray.
B. Wiring Method:  Install all wiring in raceway as specified in Division 16 Section "Raceways and Boxes."

C. Bundle, train, and support wiring in enclosures.

D. Ground equipment.

E. Connections: Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A.

2.9 IDENTIFICATION

Retain paragraph above or below.
A. Identify components and power and control wiring according to Division 16 Section "Electrical Identification."

B. Label each system control module with a unique designation.  Make designations on elevated components readable from floor.

2.10 FIELD QUALITY CONTROL

For programmable lighting control systems, retain optional services as specified in paragraph below.  Delete paragraph if not required.
A. Manufacturer's Field Services:  Engage a factory-authorized service representative to test, adjust, and program lighting control system.

B. Schedule visual and mechanical inspections and electrical tests with at least seven days' advance notice.

Delete nonapplicable items below.
C. Inspect control components for defects and physical damage, testing laboratory labeling, and nameplate compliance with the Contract Documents.

D. Check tightness of electrical connections with torque wrench calibrated within previous six months.  Use manufacturer's recommended torque values.

E. Electrical Tests:  Use particular caution when testing devices containing solid-state components.  Perform the following according to manufacturer's written instructions:

1. Continuity tests of circuits.

2. Operational Tests:  Set and operate controls to demonstrate their functions and capabilities in a methodical sequence that cues and reproduces actual operating functions.

a. Where light balancing or other control involving equipment provided under other Sections is indicated, combine testing required by this Section with that required by Sections specifying other equipment.  Test programmable control related to light balancing, occupancy sensing, and other controls under conditions that simulate actual operational conditions.  Record control settings, operations, cues, and functional observations.

F. Correct deficiencies, make necessary adjustments, and retest. Verify that specified requirements are met.

G. Test Labeling:  After satisfactory completion of tests and inspections, apply a label to tested components indicating test results, date, and responsible agency and representative.

H. Reports:  Written reports of tests and observations.  Record defective materials and workmanship and unsatisfactory test results.  Record repairs and adjustments.

2.11 CLEANING

A. Cleaning:  Clean equipment and devices internally and externally using methods and materials recommended by manufacturers, and repair damaged finishes.

2.12 DEMONSTRATION

Services covered in this Article are optional; retain if Project warrants.  Revise hours below to suit Project and system.  Two sessions, four hours each, may be required for complex programmable systems.  Coordinate with Division 1 training requirements.
A. Engage a factory-authorized service representative to train Owner's maintenance personnel as specified below:

1. Train Owner's maintenance personnel on troubleshooting, servicing, adjusting, and maintaining equipment and schedules.  Provide a minimum of eight hours' training.

2. Training Aid:  Use the approved final version of maintenance manuals as a training aid.

3. Schedule training with Owner, through Architect, with at least seven days' advance notice.
2.13 ON-SITE ASSISTANCE

A. Occupancy Adjustments:  Within one year of date of Substantial Completion, provide up to three Project site visits, when requested, to adjust light levels, make program changes, and adjust sensors and controls to suit actual conditions.

END OF SECTION 16146
LIGHTING CONTROLS
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