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SECTION 26 0936
MODULAR DIMMING CONTROLS - LUTRON
This section includes standalone lighting control systems featuring basis of design products from Lutron Electronics Company, Inc. Because of the complex nature of this type of system, it is recommended that the specification and drawings be closely coordinated with consultation from the basis of design manufacturer. If systems of other manufacturers are listed or considered for substitution, the specifier should conduct a thorough evaluation to ensure that the system provides equivalent performance and that other related products will interface properly.
SECTION 26 0936 (16573) – MODULAR DIMMING CONTROLS – LUTRON QS, Copyright 2011-2019, Building Systems Design, Inc.

PART 1   PART 1 GENERAL

1.01 SECTION INCLUDES

A. Standalone lighting control systems and associated components:

1. Fluorescent electronic dimming ballasts.

2. LED drivers.

3. Power interfaces.

4. Main units (Lutron Grafik Eye QS).

5. Timeclock.

6. Lighting control modules (Lutron Energi Savr Node).

7. Digital dimming ballast and switching modules (Lutron EcoSystem).

8. Control stations.

9. Low-voltage control interfaces.

10. Wired sensors.

11. Wireless sensors.

12. Accessories.

1.02 RELATED REQUIREMENTS

Include the following paragraph only if motorized shades are to be controlled by the lighting control system.

A. Section 12 2400 - <<Window Shades – Lutron Sivoia QS/Sivoia QS Wireless; Window Shades – Lutron Serena/Triathlon; Window Shades – Lutron Contract Roller >>: Motorized window shades, for interface with lighting control system.

B. Section <<______>>: Building automation system, for interface with lighting control system.

C. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

D. Section 26 2726 - Wiring Devices - Lutron:

1. Finish requirements for wall controls specified in this section.

2. Accessory receptacles and wallplates, to match lighting controls specified in this section.

E. Section 26 5133 - Luminaires, Ballasts, and Drivers - Lutron.

F. Section <<______>>: Audio-video system, for interface with lighting control system.

1.03 REFERENCE STANDARDS

A. 47 CFR 15 – Radio Frequency Devices; current edition.

B. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent Lamp Ballasts - Supplements; 2011.

C. ANSI/ESD S20.20 - Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices); 2014.

D. ASTM D4674 - Standard Practice for Accelerated Testing for Color Stability of Plastics Exposed to Indoor Office Environments; 2002a (Reapproved 2010).

E. CAL TITLE 24 P6 – California Code of Regulations, Title 24, Part 6 (California Energy Code); 2013.

F. CSA C22.2 No. 223 – Power Supplies with Extra-low-voltage Class 2 Outputs; 2015.

G. IEC 60929 - AC and/or DC-Supplied Electronic Control Gear for Tubular Fluorescent Lamps - Performance Requirements; 2015.

H. IEC 61000-4-2 - Electromagnetic Compatibility (EMC) - Part 4-2: Testing and Measurement Techniques - Electrostatic Discharge Immunity Test; 2008.

I. IEC 61000-4-5 - Electromagnetic Compatibility (EMC) - Part 4-5: Testing and Measurement Techniques - Surge Immunity Test; 2014, with Amendments, 2017.
J. IEC 61347-2-3 - Lamp Control Gear - Part 2-3: Particular Requirements for A.C. and/or D.C. Supplied Electronic Control Gear for Fluorescent Lamps; 2011, with Amendments, 2016.

K. IEEE 1789 - Recommended Practice for Modulating Current in High-Brightness LEDs for Mitigating Health Risks to Viewers; 2015.
L. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 V and less) AC Power Circuits; 2002 (Cor 1, 2012).

M. ISO 9001 - Quality Management Systems-Requirements; 2008.

N. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

O. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical Contractors Association; 2010.

P. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic Drivers and Discharge Ballasts; National Electrical Manufacturers Association; 2015.

Q. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical Manufacturers Association; 1999 (R 2015).

R. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.

S. UL 94 - Tests for Flammability of Plastic Materials for Parts in Devices and Appliances; Current Edition, Including All Revisions.

T. UL 508 - Industrial Control Equipment; Underwriters Laboratories Inc.; Current Edition, Including All Revisions.

U. UL 924 - Emergency Lighting and Power Equipment; Current Edition, Including All Revisions.

V. UL 935 - Fluorescent-Lamp Ballasts; Current Edition, Including All Revisions.

W. UL 1310 – Class 2 Power Units; Current Edition, Including All Revisions.

X. UL 1472 - Solid-State Dimming Controls; Current Edition, Including All Revisions.

Y. UL 1598C - Light-Emitting Diode (LED) Retrofit Luminaire Conversion Kits; Current Edition, Including All Revisions.

Z. UL 2043 - Fire Test for Heat and Visible Smoke Release for Discrete Products and Their Accessories Installed in Air-Handling Spaces; Current Edition, Including All Revisions.

AA. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate the placement of sensors and wall controls with millwork, furniture, equipment, etc. installed under other sections or by others.

2. Coordinate the placement of wall controls with actual installed door swings.

3. Coordinate the placement of daylight sensors with windows, skylights, and luminaires to achieve optimum operation. Coordinate placement with ductwork, piping, equipment, or other potential obstructions to light level measurement installed under other sections or by others.

The following paragraph should only be included if motorized shades are to be controlled by the lighting control system.

4. Where motorized window treatments are to be controlled by the lighting control system provided under this section, coordinate the work with other trades to provide compatible products.

5. Coordinate the work to provide luminaires and lamps compatible with the lighting controls to be installed.

6. Notify Architect of any conflicts or deviations from the contract documents to obtain direction prior to proceeding with work.

B. Preinstallation Meeting: Conduct on-site meeting with lighting control system manufacturer prior to commencing work as part of manufacturer's standard startup services. Manufacturer to review with installer:

1. Low voltage wiring requirements.

2. Separation of power and low voltage/data wiring.

3. Wire labeling.

Lighting Control Manufacturer Sensor Layout and Tuning service may be specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS".

4. Where Lighting Control Manufacturer Sensor Layout and Tuning service is specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS", sensor locations to be reviewed in accordance with layout provided by Lighting Control Manufacturer. Lighting Control Manufacturer may direct Contractor regarding sensor relocation should conditions require a deviation from locations indicated.

5. Control locations.

6. Load circuit wiring.

7. Connections to other equipment.

8. Installer responsibilities.

C. Sequencing:

1. Do not install sensors and wall controls until final surface finishes<< and painting>> are complete.

1.05 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

Lighting Control Manufacturer Sensor Layout and Tuning service may be specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS".

B. Design Documents: Where Lighting Control Manufacturer Sensor Layout and Tuning service is specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS", Lighting Control Manufacturer to provide plans indicating occupancy/vacancy and/or daylight sensor locations.

C. Product Data: Include ratings, configurations, standard wiring diagrams, dimensions, colors, service condition requirements, and installed features.

1. Occupancy/Vacancy Sensors: Include detailed basic motion detection coverage range diagrams.

D. Shop Drawings:

1. Provide schematic system riser diagram indicating component interconnections. Include requirements for interface with other systems.

E. Samples:

1. Wall Controls:

a. Show available color and finish selections.

b. Provide <<one; or _____>> sample(s) for each product<< proposed for substitution; or __________>><< upon request; or __________>>.

2. Sensors: Provide <<one; or _____>> sample(s) for each product<< proposed for substitution; or __________>><< upon request; or __________>>.

F. Manufacturer's Installation Instructions: Include application conditions and limitations of use stipulated by product testing agency. Include instructions for storage, handling, protection, examination, preparation, and installation of product.

Use the following paragraph to specify system performance-verification documentation (at an additional cost). System Performance-Verification Documentation is often required for LEED projects, projects which involve a commissioning agent, or Title 24 (California) projects. Edit the second choice to have this additional cost included as an alternate or as part of the base bid. This documentation will be completed by a Lutron Services Company Representative during the startup of the Lutron lighting control system. This documentation defines the functional test procedures to be used and the results of the onsite testing of the Lutron equipment. A copy of this documentation will be delivered after startup completion.

G. System Performance-Verification Documentation; Lutron LSC-SPV-DOC: Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for manufacturer's enhanced documentation detailing start-up performance-verification procedures and functional tests performed along with test results.

Include the following paragraph if lighting control acceptance testing required by California Title 24, Part 6 (California Energy Code) is specified in Part 3 under "COMMISSIONING".
H. Title 24 Acceptance Testing Documentation:  Submit Certification of Acceptance and associated documentation for lighting control acceptance testing performed in accordance with CAL TITLE 24 P6, as specified in Part 3 under “COMMISSIONING”.

I. Project Record Documents: Record actual installed locations and settings for lighting control system components.

J. Operation and Maintenance Data: Include detailed information on lighting control system operation, equipment programming and setup, replacement parts, and recommended maintenance procedures and intervals.

K. Warranty: Submit sample of manufacturer's Warranty or Enhanced Warranty as specified in Part 1 under "WARRANTY". Submit documentation of final execution completed in Owner's name and registered with manufacturer.

1.06 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution requirements.

C. Manufacturer Qualifications:

1. Company with not less than ten years of experience manufacturing lighting control systems of similar complexity to specified system.

2. Registered to ISO 9001, including in-house engineering for product design activities.

3. Qualified to supply specified products and to honor claims against product presented in accordance with warranty.

Include the following paragraph if lighting control acceptance testing required by California Title 24, Part 6 (California Energy Code) is specified in Part 3 under "COMMISSIONING".
D. Title 24 Acceptance Testing Technician Qualifications:  Certified by a California approved Acceptance Test Technician Certification Provider as an Acceptance Test Technician (ATT) in accordance with CAL TITLE 24 P6.

Include the following paragraph only if post-occupancy maintenance is to be included in this contract, or if proposals for maintenance under another contract are being solicited in these contract documents. See article "MAINTENANCE" under Part 3.

E. Maintenance Contractor Qualifications: Manufacturer's authorized service representative.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Store products in a clean, dry space in original manufacturer's packaging in accordance with manufacturer's written instructions until ready for installation.

1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after installation.

1. System Requirements - Lutron, Unless Otherwise Indicated:

a. Ambient Temperature:

1) Lighting Control System Components, Except Those Listed Below: Between 32 and 104 degrees F (0 and 40 degrees C).

2) Fluorescent Electronic Dimming Ballasts: Between 50 and 140 degrees F (10 and 60 degrees C).

b. Relative Humidity: Less than 90 percent, non-condensing.

1.09 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

--CHOOSE ONE OF THE TWO STANDARD WARRANTIES BELOW ACCORDING TO WHETHER OR NOT MANUFACTURER STARTUP SERVICES WILL BE SPECIFIED IN PART 3-- 
Use the following paragraph if there will be no manufacturer start-up, or use the standard warranty paragraph below if Lutron Startup services will be specified in Part 3 under "FIELD QUALITY CONTROL". Keep in mind however that without Lutron Startup services, warranty coverage is significantly reduced. Visit www.lutron.com for warranty information.
B. Manufacturer’s Standard Warranty, Without Manufacturer Start-Up:
1. Manufacturer Lighting Control System Components, Except Wireless Sensors, Ballasts/Drivers and Ballast Modules:  One year 100 percent parts coverage, no manufacturer labor coverage.
2. Wireless Sensors:  Five years 100 percent parts coverage, no manufacturer labor coverage.
3. Ballasts/Drivers and Ballast Modules:  Three years 100 percent parts coverage, no manufacturer labor coverage.

Use the following paragraph if Lutron Startup services will be specified in Part 3 under "FIELD QUALITY CONTROL", or use the standard warranty paragraph above if there will be no manufacturer start-up. Keep in mind however that without Lutron Startup services, warranty coverage is significantly reduced. Visit www.lutron.com for warranty information.
Lutron Standard 2-Year Warranty coverage includes:
-100 percent parts and labor coverage for first two years for lighting control system components, except ballasts/drivers.
-First-available on-site or remote response time.
-Telephone technical support; 24 hours per day, 7 days per week, excluding manufacturer holidays.
Consider including an optional Enhanced Warranty below.
C. Manufacturer's Standard Warranty, With Manufacturer Start-Up; Lutron Standard 2-Year Warranty; Lutron LSC-B2:

1. Manufacturer Lighting Control System Components, Except Ballasts/Drivers and Ballast Modules:

a. First Two Years:

1) 100 percent replacement parts coverage, 100 percent manufacturer labor coverage to troubleshoot and diagnose a lighting issue.

2) First-available on-site or remote response time.

3) Remote diagnostics for applicable systems.

b. Telephone Technical Support: Available 24 hours per day, 7 days per week, excluding manufacturer holidays.

2. Ballasts/Drivers and Ballast Modules: Five years 100 percent parts coverage, no manufacturer labor coverage.

Use one of the three following paragraphs to specify an optional Enhanced Warranty. Edit the choice to have this additional value included as an alternate or as part of the base bid.

These Enhanced Warranties are only available if Lutron Start-up services will be specified in Part 3 under "FIELD QUALITY CONTROL". Also keep in mind that without Lutron Start-up services, Standard Warranty coverage is significantly reduced.

Lutron Silver Enhanced Warranty includes standard 2-year warranty coverage plus:
-Upgrade to 8-year limited parts warranty coverage for lighting control system components, excluding ballasts/drivers.
Lutron Gold Enhanced Warranty includes standard 2-year warranty coverage plus:
-Upgrade to 8-year limited parts warranty coverage for lighting control system components, excluding ballasts/drivers.
-Upgrade to 72-hour on-site or remote response time.
-Annual scheduled Preventative Maintenance Visit.
Lutron Platinum Enhanced Warranty includes standard 2-year warranty coverage plus:
-Upgrade to 8-year limited parts warranty coverage for lighting control system components, excluding ballasts/drivers.
-Upgrade to 24-hour on-site or remote response time.
-Annual scheduled Preventative Maintenance Visit.
--CHOOSE ONLY ONE OF THE THREE OPTIONAL ENHANCED WARRANTIES BELOW--

D. Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for manufacturer's Enhanced Warranty with manufacturer Start-up; Silver Enhanced Warranty; Lutron LSC-E8S; coverage to include items listed under manufacturer's standard warranty with manufacturer start-up above, plus the following upgrades:

1. Manufacturer Lighting Control System Components, Except Ballasts/Drivers and Ballast Modules:

a. First Two Years:

1) As-available Field Service response; no committed response time.

b. Additional Coverage for Years 3-5: 50 percent replacement parts coverage, no manufacturer labor coverage.

c. Additional Coverage for Years 6-8: 25 percent replacement parts coverage, no manufacturer labor coverage.

E. Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for manufacturer's Enhanced Warranty with manufacturer Start-up; Gold Enhanced Warranty; Lutron LSC-E8G; coverage to include items listed under manufacturer's standard warranty with manufacturer start-up above, plus the following upgrades:

1. Manufacturer Lighting Control System Components, Except Lighting Management System Computer, Ballasts/Drivers and Ballast Modules:

a. First Two Years:

1) Upgrade from as-available Field Service response to 72-hour on-site or remote response time.

2) Plus annual scheduled Preventive Maintenance Visit.

b. Additional Coverage for Years 3-5: 50 percent replacement parts coverage, no manufacturer labor coverage.

c. Additional Coverage for Years 6-8: 25 percent replacement parts coverage, no manufacturer labor coverage.

F. Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for manufacturer's Enhanced Warranty with manufacturer Start-up; Platinum Enhanced Warranty; Lutron LSC-E8P; coverage to include items listed under manufacturer's standard warranty with manufacturer start-up above, plus the following upgrades:

1. Manufacturer Lighting Control System Components, Except Lighting Management System Computer, Ballasts/Drivers and Ballast Modules:

a. First Two Years:

1) Upgrade from as-available Field Service response to 24-hour on-site or remote response time.

2) Plus annual scheduled Preventive Maintenance Visit.

b. Additional Coverage for Years 3-5: 50 percent replacement parts coverage, no manufacturer labor coverage.

c. Additional Coverage for Years 6-8: 25 percent replacement parts coverage, no manufacturer labor coverage.

PART 2   PRODUCTS

2.01 MANUFACTURERS

A. Basis of Design Manufacturer: Lutron Electronics Company, Inc; www.lutron.com.

B. Other Acceptable Manufacturers:

1. <<______>>.

2. <<______>>.

3. <<______>>.

4. Products by listed manufacturers are subject to compliance with specified requirements<< and prior approval of Architect; or _________>>.

C. Substitutions: <<See Section 01 6000 - Product Requirements; Not permitted; or __________>>.

1. All proposed substitutions (clearly delineated as such) must be submitted in writing for approval by Architect a minimum of <<10; or _____>> working days prior to the bid date and must be made available to all bidders. Proposed substitutes must be accompanied by a review of the specification noting compliance on a line-by-line basis.

2. Any proposed substitutions to be reviewed by Architect at Contractor's expense<< at a rate of $200 per hour; at a rate of _________; or __________>>.

3. By using pre-approved substitutions, Contractor accepts responsibility and associated costs for all required modifications to related equipment and wiring. Provide complete engineered shop drawings (including power wiring) with deviations from the original design highlighted in an alternate color for review and approval by Architect prior to rough-in.

D. Source Limitations: Furnish products produced by a single manufacturer and obtained from a single supplier.

2.02 LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS

--CHOOSE ONLY ONE OF THE TWO SENSOR LAYOUT AND TUNING PARAGRAPHS BELOW--

Use the following paragraph to specify optional manufacturer Sensor Layout and Tuning service or use the paragraph below if Lighting Control Manufacturer Sensor Layout and Tuning service will not be provided. Edit the choice to have this additional value included as an alternate or as part of the base bid.

A. Sensor Layout and Tuning:  Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for Lighting Control Manufacturer's Sensor Layout and Tuning service; Lutron LSC-SENS-LT:

1. Lighting Control Manufacturer to take full responsibility for wired or wireless sensor layout and performance for sensors provided by Lighting Control Manufacturer.

2. Lighting Control Manufacturer to analyze the reflected ceiling plans, via supplied electronic AutoCAD format, and design a detailed sensor layout that provides adequate occupancy sensor coverage and ensures occupancy and daylight sensor performance per agreed upon sequence of operations. Contractor to utilize the layouts for sensor placement.

3. During startup, Lighting Control Manufacturer to direct Contractor regarding sensor relocation, as required, should conditions require a deviation from locations specified in the drawings..

4. Lighting Control Manufacturer to provide up to two additional post-startup on-site service visits within one calendar year from Date of Substantial Completion to fine-tune sensor calibration per the agreed upon sequence of operations.

Use the following paragraph if Lighting Control Manufacturer Sensor Layout and Tuning service will not be provided, or use the paragraph above to specify optional manufacturer Sensor Layout and Tuning service.

B. Sensor Layout and Tuning:  No Lighting Control Manufacturer Sensor Layout and Tuning service to be provided; Lutron LSC-NO-SENS-LT.

1. Contractor to utilize Lighting Control Manufacturer Installation Instructions to place/install sensors.

2. At Pre-wire and Startup, Lighting Control Manufacturer to provide a rough sensor calibration only. Sensor fine-tuning to be the responsibility of Contractor.

C. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) as suitable for the purpose indicated.

D. Unless specifically indicated to be excluded, provide all required equipment, conduit, boxes, wiring, connectors, hardware, supports, accessories, software, system programming, etc. as necessary for a complete operating system that provides the control intent indicated.

The following paragraph would only be included if motorized shades are to be controlled by the lighting control system.

E. Shade Control Requirements:

1. Capable of operating shades and recalling shade presets via keypad, contact closure input, infrared receiver, lighting management system software, or other lighting control system interface.

2. Capable of operating any individual, group, or subgroup of shade electronic drive units within system without requiring separate group controllers.

3. Capable of assigning and reassigning individual, groups, and subgroups of shades to any control within system without requiring additional wiring or hardware changes.

4. Capable of controlling shade speed for tracking within plus or minus 0.125 inch (3.17 mm) throughout entire travel.

5. Provide 10 year power failure memory for preset stops, open and close limits, shade grouping and sub grouping and system configuration.

6. Capable of synchronizing multiple shade electronic drive units of the same size to start, stop and move in unison.

7. Capable of stopping shades within accuracy of 0.125 inch (3.17 mm) at any point between open and close limits.

8. Capable of storing up to 250 programmable stop points, including open, close, and any other position.

Typical dimming equipment is rated for 40 degrees C (104 degrees F). This is the maximum ambient temperature that can exist while the dimming equipment is operating at full load conditions. Include the following paragraph to ensure that the operating equipment is designed to operate at worst case environmental conditions without affecting product life.

F. Design lighting control equipment for 10 year operational life while operating continually at any temperature in an ambient temperature range of 32 degrees F (0 degrees C) to 104 degrees F (40 degrees C) and 90 percent non-condensing relative humidity.

G. Electrostatic Discharge Tolerance: Design and test equipment to withstand electrostatic discharges without impairment when tested according to IEC 61000-4-2.

H. Dimming and Switching (Relay) Equipment:

Electrolytic capacitors are typically the component most sensitive to heat in a dimming circuit. Their expected lifetime doubles for every 10 degrees C that the component operates below the capacitor's rated operating temperature so a capacitor operated at 20 degrees C below the rated temperature will have quadruple the life expectancy. Include this paragraph to ensure a minimum 10 year operating life under worst case field conditions.

1. Designed so that electrolytic capacitors operate at least 36 degrees F (2 degrees C) below the capacitor's maximum temperature rating when the device is under fully loaded conditions at maximum rated temperature.

Dimming equipment is exposed to peak currents much higher than rated operating current due to tungsten inrush, magnetic inrush, and lamp burnout. If not designed to handle this inrush/surge condition, the equipment could fail at any time when turned on or when lamps fail. Include these paragraphs to ensure reliability of components.

2. Inrush Tolerance:

a. Utilize load-handling thyristors (SCRs and triacs), field effect transistors (FETs) and isolated gate bipolar transistors (IGBTs) with maximum current rating at least two times the rated operating current of the dimmer/relay.

b. Capable of withstanding repetitive inrush current of 50 times the operating current without impacting lifetime of the dimmer/relay.

A surge protector is sold as an accessory to a computer purchase to protect it from lightning strikes or other voltage surges. Likewise, dimmer circuits require surge protection. Surge protection can be built into a dimmer circuit or it can be purchased separately as an external accessory. Include the following paragraph to ensure that the surge protection is built into the dimming system.

3. Surge Tolerance:

Dimming panels are typically installed near electrical service entrance points which are subject to more severe surges than equipment mounted far from the electrical service entrance points. Dimming panels need to survive surges equivalent to a Category B near lightning strike without failure. The standards only describe testing, which is why it is important to specify "without impairment to performance" as the pass/fail criteria.

a. Panels: Designed and tested to withstand surges of 6,000 V, 3,000 amps according to IEEE C62.41.2 and IEC 61000-4-5 without impairment to performance.

Other power handling devices installed on a branch circuit (far from electrical service entrance points) need to survive a Category A near lightning strike without failure. The standard only describe testing, which is why it is important to specify "without impairment to performance" as the pass/fail criteria.
b. Other Power Handling Devices: Designed and tested to withstand surges of 6,000 V, 200 amps according to IEEE C62.41.2 without impairment to performance.

Power dropouts occur frequently. When power is restored, the lighting system should recover quickly and automatically return to the last lighting levels. A momentary interruption (1 or 2 seconds) of power should not cause extended periods (20 seconds or more) without lighting while the system reboots and all other electrical equipment is back on.

4. Power Failure Recovery: When power is interrupted and subsequently restored, within 3 seconds lights to automatically return to same levels (dimmed setting, full on, or full off) as prior to power interruption.

5. Dimming Requirements:

Utility power is subject to many sources of line noise. Dimming equipment must maintain constant light levels in the presence of this line noise.

a. Line Noise Tolerance: Provide real-time cycle-by-cycle compensation for incoming line voltage variations including changes in RMS voltage (plus or minus 2 percent change in RMS voltage per cycle), frequency shifts (plus or minus 2 Hz change in frequency per second), dynamic harmonics, and line noise.

1) Systems not providing integral cycle-by-cycle compensation to include external power conditioning equipment as part of dimming system.

Include the following paragraph to minimize surge currents and extend lamp life.

b. Incorporate electronic "soft-start" default at initial turn-on that smoothly ramps lights up to the appropriate levels within 0.5 seconds.

When off, the semiconductor in a dimmer circuit can allow leakage current to the load creating the possibility for an electrical shock. It is common for this leakage current to exceed 5 milliamps (the UL limit for GFCI outlets). Using an air gap eliminates leakage current by requiring a physical disconnect in the off position to prevent electric shock when servicing the load.

c. Utilize air gap off to disconnect the load from line supply.

Digital control systems have a fixed number of steps in their light control output. There needs to be enough steps to ensure the human eye perceives smooth changes when moving from one light level to another.

d. Control all light sources in smooth and continuous manner. Dimmers with visible steps are not acceptable.

Different lighting sources such as fluorescent and incandescent require different power levels to dim from minimum to maximum. Dimmers with too narrow a control range will not give the full dimming performance. Dimmers with too broad a control range will have areas where changing the dimmers light level will not result in a change in light output. Dimmers must be flexible enough to compensate for these different load types.

e. Load Types:

1) Assign a load type to each dimmer that will provide a proper dimming curve for the specific light source to be controlled.

2) Provide capability of being field-configured to have load types assigned per circuit.

Variations in lamp and fixture designs may require fine tuning of dimming curves. Include this paragraph to ensure the equipment has the capability to make these adjustments. This also allows facility personnel to manage maximum light levels to achieve energy savings goals.

f. Minimum and Maximum Light Levels: User adjustable on a circuit-by-circuit basis.

g. Line Voltage Dimmers:

Magnetic transformers are susceptible to overheating caused by asymmetrical input voltages. Include the following paragraphs to prevent magnetic low voltage transformers from operating above rated current and temperature under normal conditions or component failure.

1) Dimmers for Magnetic Low Voltage (MLV) Transformers:

(a) Provide circuitry designed to control and provide a symmetrical AC waveform to input of magnetic low voltage transformers per UL 1472.

(b) Dimmers using unipolar load current devices (such as FETs or SCRs) to include DC current protection in the event of a single device failure.

Electronic transformers are susceptible to damage and audible noise issues if used with improper dimming waveforms. Most electronic transformers require a reverse phase control waveform. Transformer manufacturers should be able to provide detailed information on dimming requirements.

2) Dimmers for Electronic Low Voltage (ELV) Transformers: Operate transformers via reverse phase control. Alternately, forward phase control dimming may be used if dimming equipment manufacturer has recommended specific ELV transformers being provided.

3) Dimmers for Neon and Cold Cathode Transformers:

There are both high power factor and low power factor transformers. Dimming is only applicable on the low power factor transformers. Attempting to dim high power factor transformers can damage both the transformer and dimmer, and generate electrical noise on building's electrical supply that interferes with other equipment.

(a) Magnetic Transformers: Listed for use with normal (low) power factor magnetic transformers.

Electronic transformer technology is continually evolving. At this time Lutron does not recommend any electronic neon transformers for dimming applications. Lutron continues to evaluate products as they become available on the market. Please consult with your Lutron representative for the latest technologies.

(b) Electronic Transformers: Must be supported by the ballast equipment manufacturer for control of specific ballasts being provided.

h. Low Voltage Dimming Modules:

Some electronic dimming ballasts require:
-A switching circuit to apply or remove power to/from the ballast.
-A low voltage control signal for intensity information.

Dimming control must coordinate both of these items.

1) Coordination Between Low Voltage Dimming Module and Line Voltage Relay:  Capable of being electronically linked to a single zone.

IEC 60929 is a standard for electronic fluorescent ballasts, and is used by other lighting equipment controlled by low voltage signals including LED drivers and low voltage controlled neon. It defines specific methods for 0-10V, pulse width modulation (PWM), and Digitally Addressable Lighting Interface (DALI).

2) Single low voltage dimming module; capable of controlling the following light sources:

(a) 0-10V analog voltage signal.

(1) Provide Class 2 isolated 0-10V output signal conforming to IEC 60929.

(2) Sink current according to IEC 60929.

(3) Source current.

(b) 10-0 V reverse analog voltage signal.

(c) DSI digital communication.

(d) DALI broadcast communication per IEC 60929:

(1) Logarithmic intensity values complying with IEC 60929.

(2) Linear intensity values for use with LED color intensity control.

(e) PWM per IEC 60929.

Lutron Softswitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles. Switching high inrush loads can damage relay controls over time. The arcing of these relays, depending on load, typically will limit relay life to 10,000 or 50,000 cycles.

6. Switching Requirements:

a. Rated Life of Relays: Typical of 1,000,000 cycles at fully rated 16 A for all lighting loads.

b. Switch load in a manner that prevents arcing at mechanical contacts when power is applied to and removed from load circuits.

c. Provide output fully rated for continuous duty for inductive, capacitive, and resistive loads.

I. Device Finishes:

1. Wall Controls: <<Match finishes specified for wiring devices in Section 26 2726, unless otherwise indicated; As indicated on the drawings; To be selected by Architect; or __________>>.

2. Standard Colors: Comply with NEMA WD1 where applicable.

3. Color Variation in Same Product Family: Maximum delta E of 1, CIE L*a*b color units.

Daylight or fluorescent lighting generate ultraviolet light which can cause parts that do not meet ASTM D4674 to discolor/yellow over time.

4. Visible Parts: Exhibit ultraviolet color stability when tested with multiple actinic light sources as defined in ASTM D4674. Provide proof of testing upon request.

Use the following paragraph if interface with building automation system will be required. Any specific requirements can be added as subparagraphs below.

J. Interface with building automation system<< as specified in Section _____>>; Lutron System and Network Integration Consultation; LSC-INT-VISIT.
K. Interface with Existing Work: <<______>>.

2.03 FLUORESCENT ELECTRONIC DIMMING BALLASTS

A. General Requirements:

Include the following paragraph to ensure that the ballast is designed to operate at worst case environmental conditions without affecting product life.

1. Designed for 10 year operational life while operating at maximum case temperature and 90 percent non-condensing relative humidity.

Electrostatic charge builds up on people as a result of friction (walking across a carpet). When a person touches an electronic device, a discharge can occur and cause damage. Electrostatic discharge (ESD) testing is done according to the IEC 61000-4-2 standard (human body model). Testing should be completed on all user accessible points such as terminal blocks, buttons, and control inputs. The standard only describes how to conduct the test, which is why it is important to specify "without impairment of performance" as the pass/fail criteria.

2. Designed and tested to withstand electrostatic discharges without impairment when tested according to IEC 61000-4-2.

To ensure average rated lamp life is not diminished, programmed rapid start type preheats lamp cathodes before applying full arc voltage.

3. Lamp Starting Method: Programmed rapid start.

In order to reduce false circuit breaker tripping due to turn on inrush, include the following paragraph to ensure that electronic dimming ballasts will meet NEMA inrush recommendations.

4. Maximum Inrush Current: 7 amperes for 120 V ballasts and 3 amperes for 277 V ballasts.

Current crest factor is a measurement of the peak current in the lamp. Too high of a current will damage the lamps. Lamp manufacturers and ANSI require this to maintain full rated lamp life.

5. Current Crest Factor (CCF): Less than 1.7.

6. Comply with ANSI C82.11 and list and label as complying with UL 935.

If the ballast is not designed properly, fluorescent lights can diminish the range and reception abilities of infrared controls, transmitters, or other devices.

7. Designed to not interfere with infrared devices operating at frequencies between 38 kHz and 42 kHz.

During manufacturing, ballasts are more susceptible to damage by electrostatic discharge (ESD). A facility that does not meet this requirement could have excessive defective units delivered to a job site.

8. Manufactured in a facility that employs ESD reduction practices in compliance with ANSI/ESD S20.20.

The following means that the ballast will be inaudible in a general office space (30dBA is a quiet whisper at 5 feet).

9. Inaudible in a 27 dBA ambient.

Line voltage fluctuates throughout the day as equipment (i.e. equipment or other buildings in the vicinity) come on line. Line voltage fluctuations will cause noticeable changes in light output. The ballast automatically compensates for variations in voltage to provide constant light output.

10. No visible change in light output with a variation of plus or minus 10 percent line voltage input.

T5-HO installations operate at higher temperatures. Where fixtures and ballasts are installed with minimal air flow and heat sinking, such as in a cove, ballasts may overheat and prematurely fail. Lutron's patented technology enables the ballasts to self-cool by monitoring the temperature and reduces the power output to maintain safe operating conditions.

11. Actively prevent overheating in T5-HO linear fluorescent lamp applications.

In applications with multiple lamp lengths (15 feet pendant with three 4 foot fixtures and one 3 foot fixture), all ballasts track together with even illumination.

12. Ballasts to track evenly across multiple lamp lengths and all light levels.

13. Comply with IEC 61347-2-3 as applicable.

B. 3-Wire Control:

Mis-wiring control wires and/or lamp wires can cause a ballast to fail. Lutron includes fault protection circuitry in its ballasts to survive common mis-wires.

1. Provide integral fault protection to prevent ballast failure in the event of a miswire.

Lutron's EcoSystem® is a commercial lighting control system that is comprised of digitally addressable dimming ballasts, controls, and environmental sensors. These components provide businesses with energy savings from 40 to 70%, while increasing space flexibility, improving occupant comfort and productivity, and reducing maintenance costs.

C. Digital Control:

1. Monitor and report lamp and ballast status.

2. Lights automatically return to the setting prior to power interruption.

EcoSystem ballasts are field programmable to listen to up to 32 occupant sensors, 64 personal control inputs, and 2 daylight sensors. Each ballast can be configured to respond independently to each of these inputs without knowing how the system will be configured during the design phase. Moreover, such flexibility allows for system modification via programming in lieu of wiring after installation.

3. Each ballast responds independently to:

a. Up to 32 occupant sensors.

b. Up to 64 personal control inputs.

An individual EcoSystem ballast can be configured to respond to 2 daylight sensors; however an EcoSystem bus will support up to 8 daylight sensors.

c. Two daylight sensors.

Digital addressable systems require reprogramming when ballasts fail. Without a visible unique serial ID, extensive documentation and additional support is required to replace multiple ballasts.

4. Unique internal reference number visibly displayed on ballast cover.

Digital and analog ballast based systems will require a processor or external control to manage inputs from multiple sensors (for example, south and west directions) adding cost and complication to a project.

5. Averages two independent daylight harvesting inputs internally.

Conventional load shedding systems can be limited in their performance when the load shedding signal is sent to a dimmed circuit. For example, if a 10 percent load shedding command is sent to a circuit dimmed at 80 percent, the circuit would not respond to the command because it is already operating below the limit set by the load shedding command.

6. Responds to digital load shed command. (Example: If light output is at 30 percent and a load shed command of 10 percent is received, the ballast automatically sets the maximum light output at 90 percent and lowers current light output by three percent to 27 percent).

D. Product(s):

Lutron Hi-lume is used where dimming performance nearly equals the dimming characteristics of incandescent lamps. This is used in applications such as board rooms, auditoriums, architectural cove applications, AV applications, university classrooms, museums, and houses of worship. Hi-lume mimics incandescent lighting down to 1 percent and has a stable light output at 1 percent.

1. 3-Wire Control, One Percent Dimming; Lutron Hi-lume:

a. Dimming Range: 100 percent to one percent relative light output for T4 compact and T5-HO lamps.

A surge protector is sold as an accessory to a computer purchase to protect it from lightning strikes or other voltage surges. Likewise, dimmer circuit require surge protection. Surge protection can be built into a ballast or it can be purchased separately as an external accessory. Include the following paragraph to ensure that the surge protection is built into the ballasts.

b. Surge Tolerance: Designed and tested to withstand Category A surges of 6,000 V according to IEEE C62.41.2 without impairment of performance.

c. Total Harmonic Distortion (THD): Less than 10 percent.

Lutron Hi-lume 3D has all the features of Hi-lume plus universal input voltage, increased dimming range and dual control option.

2. 3-Wire and Digital Control, One Percent Dimming; Lutron Hi-lume 3D:

a. Dimming Range: 100 percent to less than one percent relative light output for T8, T5 and T5HO, and five percent relative light output for T5 twin-tube lamps.

A surge protector is sold as an accessory to a computer purchase to protect it from lightning strikes or other voltage surges. Likewise, dimmer circuit require surge protection. Surge protection can be built into a ballast or it can be purchased separately as an external accessory. Include the following paragraph to ensure that the surge protection is built into the ballasts.

b. Surge Tolerance: Designed and tested to withstand Category A surges of 6,000 V according to IEEE C62.41.2 without impairment of performance.

c. Total Harmonic Distortion (THD): Less than 10 percent typical (15 percent for select models).

Lutron EcoSystem is used in all commercial applications. Digital addressable ballast ideal for maximizing energy savings and long-term flexibility.

3. 3-Wire and Digital Control, Ten Percent Dimming; Lutron EcoSystem:

a. Dimming Range: 100 to ten percent relative light output for T8, T5, T5HO, and T5 twin-tube, and five percent relative light output for T4 compact lamps.

A surge protector is sold as an accessory to a computer purchase to protect it from lightning strikes or other voltage surges. Likewise, dimmer circuit require surge protection. Surge protection can be built into a ballast or it can be purchased separately as an external accessory. Include the following paragraph to ensure that the surge protection is built into the ballasts.

b. Surge Tolerance: Designed and tested to withstand Category A surges of 4,000 V according to IEEE C62.41.2 without impairment of performance.

c. Total Harmonic Distortion (THD): Less than 10 percent typical (15 percent for select models).

d. Digital Control:

1) Connect without interface (except for T4 compact lamp ballasts) to:

(a) Occupancy sensors.

(b) Daylight sensor.

(c) Personal control input (keypad or infrared receiver).

2) Provide a 20 VDC source to power connected sensors.

EcoSystem ballasts operate as distributed input points for sensors. Connecting sensors to any EcoSystem ballast enables the devices in the system to respond to that sensor. This level of distributed intelligence eliminates homeruns of sensors and other devices to a central controller.

3) Generate digital communication commands to distribute ballast and sensor data on the digital bus.

EcoSystem H-Series digitally addressable ballasts provide a low-cost, flexible solution for any space in any application. Industry leading dimming to less than 1 percent meets the needs of the most demanding applications. Individual control with the EcoSystem Digital Link eliminates the need to rewire, reduces design time, and provides a scalable solution from a small area to an entire building.

4. Digital Control, One Percent Dimming; Lutron EcoSystem H-Series:

a. Dimming Range: 100 to less than one percent relative light output for T8, and one percent relative light output for T5 and T5HO lamps.

A surge protector is sold as an accessory to a computer purchase to protect it from lightning strikes or other voltage surges. Likewise, dimmer circuit require surge protection. Surge protection can be built into a ballast or it can be purchased separately as an external accessory. Include the following paragraph to ensure that the surge protection is built into the ballasts.

b. Surge Tolerance: Designed and tested to withstand Category A surges of 4,000 V according to IEEE C62.41.2 without impairment of performance.

c. Total Harmonic Distortion (THD): Less than 10 percent typical (15 percent for select models).

2.04 LED DRIVERS

A. General Requirements:

Include the following paragraph to ensure that the driver is designed to operate at worst case environmental conditions without affecting product life.

1. Operate for at least 50,000 hours at maximum case temperature and 90 percent non-condensing relative humidity.

2. Provide thermal fold-back protection by automatically reducing power output (dimming) to protect LED driver and LED light engine/fixture from damage due to over-temperature conditions that approach or exceed the LED driver's maximum operating temperature at calibration point.
3. Provide integral recording of operating hours and maximum operating temperature to aid in troubleshooting and warranty claims.
Electrostatic charge builds up on people as a result of friction (walking across a carpet). When a person touches an electronic device, a discharge can occur and cause damage. Electrostatic discharge (ESD) testing is done according to the IEC 61000-4-2 standard (human body model). Testing should be completed on all user accessible points such as terminal blocks, buttons, and control inputs. The standard only describes how to conduct the test, which is why it is important to specify "without impairment of performance" as the pass/fail criteria.

4. Designed and tested to withstand electrostatic discharges without impairment when tested according to IEC 61000-4-2.

During manufacturing, ballasts are more susceptible to damage by electrostatic discharge (ESD). A facility that does not meet this requirement could have excessive defective units delivered to a job site.

5. Manufactured in a facility that employs ESD reduction practices in compliance with ANSI/ESD S20.20.

UL 8750 is a UL safety standard that covers LED drivers.

6. UL 8750 recognized or listed as applicable.

UL Type TL and UL Class P are UL ratings for an LED driver. LED drivers that are Type TL rated can be easily swapped in a fixture by the fixture manufacturer with lower re-testing time and certification cost. LED drivers that are Class P listed can be swapped without any re-testing time or certification cost.

7. UL Type TL rated or UL Class P listed where possible to allow for easier fixture evaluation and listing of different driver series.
If a driver needs to be replaced in the field, a UL recognized driver listed for field replacement under UL 1598C can be replaced with a like driver. Without a UL 1598C rating, you will either have to send the fixture back to the manufacturer or have UL re-inspect the fixture in the field. UL listed Class P drivers are also suitable for field replacement.

8. Suitable for field replacement as applicable; listed in accordance with UL 1598C or UL 8750, Class P as indicated.
A surge protector is sold as an accessory to a computer purchase to protect it from lightning strikes or other voltage surges. Likewise, dimmer circuit require surge protection. Surge protection can be built into a driver or it can be purchased separately as an external accessory. Include the following paragraph to ensure that the surge protection is built into the drivers.

9. Designed and tested to withstand Category A surges of 4,000 V according to IEEE C62.41.2 without impairment of performance.

The following means that the driver will be inaudible in a general office space (30dBA is a quiet whisper at 5 feet).

10. Class A sound rating; Inaudible in a 27 dBA ambient.

Line voltage fluctuates throughout the day as equipment (i.e. equipment or other buildings in the vicinity) come on line. Line voltage fluctuations will cause noticeable changes in light output. The driver automatically compensates for variations in voltage to provide constant light output.

11. Demonstrate no visible change in light output with a variation of plus or minus 10 percent change in line-voltage input.

12. LED drivers of the same family/series to track evenly across multiple fixtures at all light levels.

To meet the lighting density requirements of a job, the fixture OEM needs to deliver fixtures with custom lumen output levels. Programmable LED drivers allow the OEM to easily customize their fixtures. Full dimming range 100%-5% or 100%-1% must be achieved at any programmed level.

13. Offer programmable output currents in 10 mA increments within designed driver operating ranges for custom fixture length and lumen output configurations, while meeting a low-end dimming range of 100 to 0.1 percent, 100 to 1 percent or 100 to 5 percent as applicable.

The following paragraph ensures that electronic dimming drivers will meet NEMA inrush recommendations, reducing false circuit breaker tripping due to turn on inrush. NEMA 410 defines the worst case inrush current expected to be encountered in field installations, and establishes uniform testing criteria for compatibility between controls, ballasts, drivers, etc.

14. Meet NEMA 410 inrush requirements for mitigating inrush currents with solid state lighting sources.
LED drivers with fault protection ensure that a wiring mistake that results in up to 277 V being applied to the communication links on the driver will not damage the driver and require the fixture to be replaced at significant cost.

15. Employ integral fault protection up to 277 V to prevent LED driver damage or failure in the event of incorrect application of line-voltage to communication link inputs.
Sometimes, the driver cannot be installed within the fixture, e.g. a chandelier. A driver that is remote mountable allows you to place the driver in a convenient location, without affecting the dimming performance of the driver.

16. LED driver may be remote located up to 100 feet (30 m) from LED light engine depending on power outputs required and wire gauge utilized by installer.
B. 3-Wire Control:

Mis-wiring control wires and/or lamp wires can cause a driver to fail. Lutron includes fault protection circuitry in its drivers to survive common mis-wires.

1. Provide integral fault protection to prevent driver failure in the event of a mis-wire.

2. Operate from input voltage of 120 V through 277 V at 50/60 Hz.

Lutron's EcoSystem® is a commercial lighting control system that is comprised of digitally addressable dimming ballasts, controls, and environmental sensors. These components provide businesses with energy savings from 40 to 70%, while increasing space flexibility, improving occupant comfort and productivity, and reducing maintenance costs.

C. Digital Control (when used with compatible Lutron lighting control systems):

After a power interruption, the lights in the space should go back to where they were prior to the interruption without flashing to full, or requiring a manual intervention. Power failure memory prevents annoying interruption to work after a power interruption.

1. Employ power failure memory; LED driver to automatically return to the previous state/light level upon restoration of utility power.
2. Operate from input voltage of 120 V through 277 V at 50/60 Hz.

For emergency lighting applications with an ATS, the control system must turn on automatically and should not be overridden except by authorized persons.

3. Automatically go to 100 percent light output upon loss of control link voltage and lock out system commands until digital control link voltage is restored. Manufacturer to offer UL 924 compliance achievable through use of external Lutron Model LUT-ELI-3PSH interface upon request.
EcoSystem drivers are field programmable to listen to up to 32 occupant sensors, 16 daylight sensors. Each driver can be configured to respond independently to each of these inputs without knowing how the system will be configured during the design phase. Moreover, such flexibility allows for system modification via programming in lieu of wiring after installation.

4. Each driver responds independently per system maximum:

a. Up to 32 occupant sensors.

b. Up to 16 daylight sensors.

Conventional load shedding systems can be limited in their performance when the load shedding signal is sent to a dimmed circuit. For example, if a 10 percent load shedding command is sent to a circuit dimmed at 80 percent, the circuit would not respond to the command because it is already operating below the limit set by the load shedding command.

5. Responds to digital load shed command. (Example: If light output is at 30 percent and a load shed command of 10 percent is received, the ballast automatically sets the maximum light output at 90 percent and lowers current light output by three percent to 27 percent).

To simplify wiring, EcoSystem digital low voltage control wiring is able to be wired as either class 1 or class 2. Class 1 wiring allows the wiring to share a conduit with power wiring (where allowed by local codes) and reduce the cost of pulling control wiring in the ceiling.
6. Digital low-voltage control wiring capable of being wired as either Class 1 or Class 2.

D. Product(s):

Hi-lume® Premiere 0.1% Constant Voltage L3D0-Series Driver is a high-performance LED driver that provides smooth, continuous dimming down to 0.1% low end.

1. Digital Control, 0.1 Percent Dimming with Soft-On and Fade-to-Black Low End Performance; Lutron Hi-lume Premier 0.1% Constant Voltage (L3D0-Series):

a. Dimming Range:  100 to 0.1 percent measured output current.
b. Features smooth fade-to-on and fade-to-black (Lutron Soft-On, Fade-to-Black™) low end dimming performance for an incandescent-like dimming experience.
c. Typically dissipates 0.25 W standby power at 120 V and 0.40 W standby power at 277 V.
d. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120-277 V and residential applications at 120 V.
e. Total Harmonic Distortion (THD):  Less than 20 percent at maximum power; complies with ANSI C82.11.
f. Class 2 output designed to withstand hot swap of LED loads; meets UL 1310 and CSA C22.2 No. 223.
g. Driver outputs to be short circuit protected, open circuit protected, and overload protected.
h. Constant Voltage Drivers:

1) Support for cove and under-cabinet fixtures at 24 V.
(a) Support LED arrays from 2 W to 96 W.
IEEE 1789 sets the minimum frequency for PWM dimming above 1250 Hz to reduce chances for any disturbance in video recording.

(b) Pulse Width Modulation (PWM) dimming frequency meets IEEE 1789.
(c) Meets solid state requirements for power factor, transient protection, standby power consumption, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

A UL listed driver is approved by UL for field installation outside a fixture. The driver is required to provide an enclosed wiring compartment and methods to strain relieve wiring.

(d) UL listed.
Hi-lume® Premiere 0.1% Constant Voltage L3D0-Series Driver is a high-performance LED driver that provides smooth, continuous dimming down to 0.1% low end.

2. 3-Wire Control, 0.1 Percent Dimming; Lutron Hi-lume Premier 0.1% Constant Voltage (L3D0-Series):

a. Dimming Range:  100 to 0.1 percent measured output current.
b. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120-277 V and residential applications at 120 V.
c. Total Harmonic Distortion (THD):  Less than 20 percent at maximum power; complies with ANSI C82.11.
A Class 2 output makes it easier and cheaper to design a fixture. It also allows simpler wiring for remote mounted LED drivers.

d. UL Class 2 output designed to withstand hot swap of LED loads.
e. Driver outputs to be short circuit protected, open circuit protected, and overload protected.
f. Constant Voltage Drivers:

1) Support for cove and under-cabinet fixtures at 24 V.
(a) Support LED arrays from 2 W to 96 W.
IEEE 1789 sets the minimum frequency for PWM dimming above 1250 Hz to reduce chances for any disturbance in video recording.

(b) Pulse Width Modulation (PWM) dimming frequency meets IEEE 1789.
(c) Meets solid state requirements for power factor, transient protection, standby power consumption, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

A UL listed driver is approved by UL for field installation outside a fixture. The driver is required to provide an enclosed wiring compartment and methods to strain relieve wiring.

(d) UL listed.
Hi-lume® Premier 0.1% Constant Current PEQ0-Series Driver is a high-performance LED driver that provides smooth, continuous dimming down to 0.1% low end.

3. Digital Control, 0.1 Percent Dimming with Soft-On and Fade-to-Black Low End Performance; Lutron Hi-lume Premier 0.1% Constant Current (PEQ0-Series):

a. Dimming Range:  100 to 0.1 percent measured output current.

b. Features smooth fade-to-on and fade-to-black (Lutron Soft-On, Fade-to-Black™) low end dimming performance for an incandescent-like dimming experience.

c. Typically dissipates less than 0.5 W standby power at 120/277 V.

d. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120/277 V.

e. Class 2 output designed to withstand hot swap of LED loads; meets UL 1310 and CSA C22.2 No. 223.

f. Driver outputs to be short circuit protected and open circuit protected.

g. Constant Current Drivers:

1) Support for downlights and pendant fixtures from 150 mA to 1.05 A to ensure a compatible driver exists.

(a) Support LED arrays up to 20 W.

(b) Constant Current Reduction (CCR) dimming method.

(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

2) Support for troffers, linear pendants, and linear recessed fixtures from 150 mA to 1.05 A to ensure a compatible driver exists.

(a) Support LED arrays up to 20 W.

(b) Constant Current Reduction (CCR) dimming method.

(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

Hi-lume® 1% (PEQ1 Series) LED Drivers provide a high-performance solution for any space, in any application, while providing smooth, continuous dimming down to 1 percent of output current.

4. Digital Control, 1 Percent Dimming with Soft-On and Fade-to-Black Low End Performance; Lutron Hi-lume Premier 1% Constant Current (PEQ1-Series):

a. Dimming Range:  100 to 1 percent measured output current.

b. Features smooth fade-to-on and fade-to-black (Lutron Soft-On, Fade-to-Black™) low end dimming performance for an incandescent-like dimming experience.

c. Typically dissipates less than 0.5 W standby power at 120/277 V.

d. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120/277 V.

e. Class 2 output designed to withstand hot swap of LED loads; meets UL 1310 and CSA C22.2 No. 223.

f. Driver outputs to be short circuit protected and open circuit protected.

g. Constant Current Drivers:

1) Support for downlights and pendant fixtures from 150 mA to 1.05 A to ensure a compatible driver exists.

(a) Support LED arrays up to 20 W.

(b) Constant Current Reduction (CCR) dimming method.

(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

2) Support for troffers, linear pendants, and linear recessed fixtures from 150 mA to 1.05 A to ensure a compatible driver exists.

(a) Support LED arrays up to 20 W.

(b) Constant Current Reduction (CCR) dimming method.

(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

Hi-lume® 1% (LTE-Series) Driver is a high-performance LED driver that provides smooth, continuous 1% dimming for virtually any LED fixture, whether it requires constant current or constant voltage. It is the most versatile LED driver offered today due to its compatibility with a wide variety of LED arrays, multiple form factors, and numerous control options.

5. Forward Phase (Neutral Wire Required), One Percent Dimming; Lutron Hi-lume 1% (LTE-Series):

a. Dimming Range:  100 to one percent relative light output.

b. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial and residential applications at 120 V.
c. Total Harmonic Distortion (THD):  Less than 20 percent at full output for 40 W loads; complies with ANSI C82.11.
d. Constant Current Drivers:

1) Support for downlights and pendant fixtures from 200 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 53 W.
(b) Pulse Width Modulation (PWM) or Constant Current Reduction (CCR) dimming methods available.
(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

2) Support for troffers, linear pendants, and linear recessed fixtures from 200 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) or Constant Current Reduction (CCR) dimming methods available.
(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

3) Support for cove and under-cabinet fixtures from 200 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) or Constant Current Reduction (CCR) dimming methods available.
A UL listed driver is approved by UL for field installation outside a fixture. The driver is required to provide an enclosed wiring compartment and methods to strain relieve wiring.

(c) UL listed.
(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

e. Constant Voltage Drivers:

1) Support for downlights and pendant fixtures from 10 V to 60 V (in 0.5 V steps) to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) dimming method.
(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

2) Support for troffers, linear pendants, and linear recessed fixtures from 10 V to 60 V (in 0.5 V steps) to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) dimming method.
(c) UL listed Class P.

(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

3) Support for cove and under-cabinet fixtures from 10 V to 60 V (in 0.5 V steps) to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) dimming method.
A UL listed driver is approved by UL for field installation outside a fixture. The driver is required to provide an enclosed wiring compartment and methods to strain relieve wiring.

(c) UL listed.
(d) Meets solid state requirements for power factor, transient protection, start time, and operating frequency in Energy Star for Luminaires Version 2.0.

Hi-lume® 1% (L3D-Series) Driver is a high-performance LED driver that provides smooth, continuous 1% dimming for virtually any LED fixture, whether it requires constant current or constant voltage. It is the most versatile LED driver offered today due to its compatibility with a wide variety of LED arrays, multiple form factors, and numerous control options.

6. 3-Wire and Digital Control, One Percent Dimming; Lutron Hi-lume 1% (L3D-Series):

a. Dimming Range:  100 to one percent relative light output.
b. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120 V or 277 V.
c. Total Harmonic Distortion (THD):  Less than 20 percent at full output for loads greater than 25 W typical (higher for select models); complies with ANSI C82.11.
d. Constant Current Drivers:
1) Support for downlights and pendant fixtures from 200 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 53 W.
(b) Pulse Width Modulation (PWM) or Constant Current Reduction (CCR) dimming methods available.
2) Support for troffers, linear pendants, and linear recessed fixtures from 200 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) or Constant Current Reduction (CCR) dimming methods available.
3) Support for cove and under-cabinet fixtures from 200 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) or Constant Current Reduction (CCR) dimming methods available.
A UL listed driver is approved by UL for field installation outside a fixture. The driver is required to provide an enclosed wiring compartment and methods to strain relieve wiring.

(c) UL listed.
e. Constant Voltage Drivers:
1) Support for downlights and pendant fixtures from 10 V to 60 V (in 0.5 V steps) to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) dimming method.
2) Support for troffers, linear pendants, and linear recessed fixtures from 10 V to 60 V (in 0.5 V steps) to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) dimming method.
3) Support for cove and under-cabinet fixtures from 10 V to 60 V (in 0.5 V steps) to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) Pulse Width Modulation (PWM) dimming method.
A UL listed driver is approved by UL for field installation outside a fixture. The driver is required to provide an enclosed wiring compartment and methods to strain relieve wiring.

(c) UL listed.
5-Series (LDE5-Series) LED Drivers provide a high-performance solution for any space, in any application, while providing smooth, continuous dimming down to 5 percent of output current.

7. Digital Control, Five Percent Dimming; Lutron 5-Series (LDE5-Series):

a. Dimming Range:  100 to five percent measured output current.

b. Typically dissipates 0.2 W standby power at 120 V and 0.3 W standby power at 277 V.
c. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120-277 V.
d. Constant Current Reduction (CCR) dimming method.
e. Total Harmonic Distortion (THD):  Less than 21 percent at full load; complies with ANSI C82.11.
f. Constant Current Drivers:

1) Lutron K-Case Form Factor:  Support for downlights and pendant fixtures in currents from 220 mA to 1.4 A to ensure a compatible driver exists.
(a) Support LED arrays up to 40 W.
(b) UL listed Class P.

2) Lutron M-Case Form Factor:  Support for troffers, linear pendants, and linear recessed fixtures from 150 mA to 2.1 A to ensure a compatible driver exists.
(a) Support LED arrays up to 75 W.

(b) Meets solid state requirements for power factor, transient protection, standby power consumption, start time, and operating frequency in ENERGY STAR for Luminaires Version 2.0.
(c) Models available to meet the DesignLights Consortium (DLC) power line quality requirements.
(d) UL listed Class P.

Hi-lume® 1% Soft-on Fade-to-Black (LDE1-Series) LED Drivers provide a high-performance solution for any space, in any application, while providing smooth, continuous dimming down to 1 percent of output current.

8. Digital Control, One Percent Dimming with Soft-On and Fade-to-Black Low End Performance; Lutron Hi-lume 1% Soft-on Fade-to-Black (LDE1-Series):

a. Dimming Range:  100 to one percent measured output current.
b. Features smooth fade-to-on and fade-to-black (Lutron Soft-On, Fade-to-Black™) low end dimming performance for an incandescent-like dimming experience.
The following paragraph ensures that the LED drivers exceed Energy Star standards for standby power.

c. Typically dissipates 0.2 W standby power at 120 V and 0.3 W standby power at 277 V.
d. Complies with FCC requirements of CFR, Title 47, Part 15, for commercial applications at 120-277 V.
Constant current dimming eliminates the chance for any disturbance in video recording.

e. Employs true Constant Current Reduction (CCR) dimming method from 100 to five percent light level and Pulse Width Modulation (PWM) dimming method from five percent to off.
f. Pulse Width Modulation (PWM) frequency of 240 Hz.
g. Total Harmonic Distortion (THD):  Less than 20 percent at full output for drivers greater than 25 W; complies with ANSI C82.11.
A Class 2 output makes it easier and cheaper to design a fixture. It also allows simpler wiring for remote mounted LED drivers.

h. UL Class 2 output.
i. Driver outputs to be short circuit protected, open circuit protected, and overload protected.

j. Constant Current Drivers:

1) Lutron K-Case Form Factor:  Support for fixtures from 220 mA to 1.4 A over multiple operating ranges.
(a) Support LED arrays up to 40 W.

(b) Meets solid state requirements for power factor, transient protection, standby power consumption, start time, and operating frequency in ENERGY STAR for Luminaires Version 2.0.
(c) UL listed Class P.

2) Lutron M-Case Form Factor:  Support for fixtures from 150 mA to 2.1 A over multiple operating ranges.
(a) Support LED arrays up to 75 W.

(b) Meets solid state requirements for power factor, transient protection, standby power consumption, start time, and operating frequency in ENERGY STAR for Luminaires Version 2.0.
(c) Models available to meet the DesignLights Consortium (DLC) power line quality requirements.
(d) UL listed Class P.

2.05 POWER INTERFACES

A. Provide power interfaces as indicated or as required to control the loads as indicated.

B. General Requirements:

Include the following paragraph to simplify field wiring for the installation contractor and prevent the failure of the interface due to phase to phase overvoltage.

1. Phase independent of control input.

Refer to NFPA 70 (NEC) 300.22, which references UL 2043 in informational note.

2. Rated for use in air-handling spaces as defined in UL 2043.

When off, the semiconductor in a dimmer circuit can allow leakage current to the load creating the possibility for an electrical shock. It is common for this leakage current to exceed 5 milliamps (the UL limit for GFCI outlets). Using an air gap eliminates leakage current by requiring a physical disconnect in the off position to prevent electric shock when servicing the load.

3. Utilize air gap off to disconnect the load from line supply.

4. Diagnostics and Service: Replacing power interface does not require re-programming of system or processor.

C. Product(s):

The following modules take phase control input and provide full circuit of forward/reverse phase control (16 amps) output. The output can be 120V or 277V. This is used for incandescent, magnetic low voltage (MLV), electronic low voltage (ELV), and neon/cold cathode.

1. Phase-Adaptive Power Module; Lutron PHPM-PA:  Provides interface for phase control input to provide full 16 A circuit output of forward/reverse phase control for compatible loads.

The following modules take phase control input and provide full circuit of control (16 amps) output to Lutron Hi-lume dimming ballasts. The output can be 120V or 277V.

2. 3-Wire Fluorescent Power Module; Lutron PHPM-3F:  Provides interface for phase control input to provide full 16 A circuit output for compatible line-voltage control fluorescent electronic dimming ballasts or LED drivers.

The following modules take phase control input and provide full circuit switching (16 amps) output. The output can be 120V or 277V. This is used for non-dim loads.

3. Switching Power Module; Lutron PHPM-SW: Provides interface for phase control or switched input to provide full 16 A circuit output of switching for compatible non-dim loads.

The following interfaces take fluorescent ballast control input and provide full circuit of control (16 amps) output to incandescent, electronic low-voltage, magnetic low-voltage, neon/cold cathode, Advance Mark X lighting sources. Works with 120V control input and 120V or 277V load.

4. Phase-Adaptive Power Module with 3-Wire Fluorescent/LED Input; Lutron PHPM-WBX: Provides interface for fluorescent ballast/LED driver control input to provide full 16 A circuit output for compatible loads.

The following interfaces take phase control input and provide full circuit of switching and 0-10V low voltage output (16 amps) for electronic fluorescent ballasts/LED drivers.

5. Ten Volt Interface; Lutron GRX-TVI: Provides interface for phase control input to provide full 16 A circuit output of switching and 0-10 V low voltage control for compatible fluorescent electronic dimming ballasts or LED drivers.

2.06 MAIN UNITS (LUTRON GRAFIK EYE QS)

The following module provides localized multi-zone control (LEDs & raise/lower buttons) used in applications where localized adjustability in the lighting or shade level is desired.

A. Product: Lutron GRAFIK Eye QS.

B. Provide main units with configuration and quantity of zones as indicated or as required to control the loads as indicated.

C. Finish: <<As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above; Standard white with white top door, unless otherwise indicated; Standard white with translucent top door, unless otherwise indicated; Custom colors to be selected by Architect; As indicated on drawings; or __________>>.

To help building occupants understand how to use the lighting control system, engraving requirements should be included for all controls. Engraving details should include text size and style.

D. Engrave units with button, zone, and scene descriptions <<as indicated on the drawings; to be selected by Architect; or _________>>.

E. Integrated Wireless Capability:

1. Provide wireless communication inputs for:

a. Occupancy sensors.

b. Daylight sensors.

c. Wireless controller.

2. RF Range: 30 feet (9 m) between sensor and compatible RF receiving device(s).

3. RF Frequency: 434 MHz; operate in FCC governed frequency spectrum for periodic operation; continuous transmission spectrum is not permitted.

Localized multi-zone control (LEDs and raise/lower buttons) used in applications where localized adjustability in the lighting or shade level is desired.

F. Preset Lighting Control with Zone Override:

1. Intensity for each zone indicated by means of one illuminated bar graph per zone.

The information screen on the GRAFIK Eye displays a user customizable name or description. When the user presses a zone or scene button, the information screen displays the given zone or scene name.

2. User-programmable zone and scene names.

When off, the semiconductor in a dimmer circuit can allow leakage current to the load creating the possibility for an electrical shock. It is common for this leakage current to exceed 5 milliamps (the UL limit for GFCI outlets). Using an air gap eliminates leakage current by requiring a physical disconnect in the off position to prevent electric shock when servicing the load.

3. Utilize air gap off to disconnect the load from line supply.

An astronomical time clock automatically calculates the sunrise and sunset for any given location in the world. The user can define automatic events in relation to daily sunrise and sunset times. For example, the lights can turn on 30 minutes before sunset each day and turn off 30 minutes after sunrise each day. Astronomical time clocks also automatically adjust for daylight savings time, allow for special programming for weekends, holidays, and special events.

4. Astronomical time clock and programmer interface provides access to:

a. Scene selections.

b. Fade zone to a level.

c. Fine-tuning of preset levels with scene raise/lower.

d. Lock out scenes and zones.

e. Fine-tuning of light levels with individual zone raise/lower.

f. Terminal block for wired infrared signal input.

g. Enable/disable wall station.

5. Light intensity with real time energy savings by digital display.

6. Fade time indicated by digital display for current scene while fading.

7. Integral wide angle infrared receiver.

8. For temporary local overrides, individual raise/lower buttons to allow zones to be adjusted without altering scene values stored in memory.

Control of digital fluorescent dimming ballasts requires the ability to address, program, and assign zone and sensor control to the digital fluorescent loads. Doing so can be achieved directly from the integral power and control module. Direct control of 120V, 277V and/or 220/240V lighting usually requires a power interface that couples both power and control. With the integral digital ballast control output, no additional interfaces are required. Include the following paragraph if direct control of digital ballasts is necessary to meet project requirements.

9. Direct Low-Voltage Control of Digital Ballasts and LED drivers (120 V, 220/240 V, 277 V and/or 347 V Lighting):

a. Electronically link a digital fluorescent lighting ballast to a zone for both dimming and turning on/off.

b. Electronically assign daylight sensors to digital ballasts and line voltage dimmers for proportional daylight harvesting.

IEC 60929 is a standard for electronic fluorescent ballasts, and is used by other lighting equipment controlled by low voltage signals including LED drivers and low voltage controlled neon. It defines a specific method for digital control.

c. Single integral controller with Class 1 or Class 2 isolated digital output signal conforming to IEC 60929; capable of direct control without interface.

10. Creates daylighting rows independent of control zones.

11. Capable of re-zoning without re-wiring using programming display on unit.

12. Outputs can be virtually mapped to other device's outputs.

13. Zone raise/lower buttons capable of controlling local lighting loads connected to the main unit or remote lighting zones in the system.

Only include the following paragraph if direct control of motorized shades from control unit is required.

G. Preset Shade Control with Zone Override:

1. Preset expandable shade control: Provide up to three columns of shade control.

2. For temporary local overrides, individual raise/lower buttons to allow zones to be adjusted without altering scene values stored in memory.

H. Provides one direct-wired occupancy sensor connection without interface or power pack.

2.07 TIMECLOCK

A. Product:  Lutron Model QSGR-TC-3S-WH.

B. Allows set up of shade presets using buttons on control unit.

C. Built-in Astronomical Timeclock:

1. 7 day schedules available.

2. One available holiday schedule is programmable by date up to one year in advance.

3. 25 events per day maximum.

4. Astronomic times are programmable by integral city database or entering latitude and longitude. Time automatically adjusts throughout the year based on location.

5. Automatically adjusts for Daylight Savings Time (DST), adjusted for the new dates; DST is programmable.

6. Afterhours Mode:
a. When an area is triggered to enter afterhours mode, flash lights to give warning to occupants of impending lighting shutoff.

b. Turn lights off after a specified time delay if there is no occupant manual override.

c. Allow occupant to temporarily override lighting shutoff for a specified time period by pressing button on any control assigned to the area. After specified time period has expired, enter afterhours mode again and initiate warning as described above.

7. Security lockout via password for timeclock settings.

D. Preset Shade Control:

1. Three columns of shade controls.

2. Open, preset, close, and raise/lower shade buttons.

3. Each shade column can be programmed to operate one shade or a group of shades.

E. Contact Closure Input (CCI):

1. Capable of operating in the following modes:

a. Afterhours: Allows the CCI to start and end the afterhours mode.

b. Timeclock:  Allows the CCI to enable and disable the timeclock.

c. Disable CCI:  CCI will have no effect on the system and will not appear on the list of available sensors.

Lutron's Energi Savr Node with Softswitch® is a simple, programmable, smart module that controls all the lights and saves energy in a commercial space. Energi Savr Node can be used to switch third party ballasts and other non-dim loads, and connect wired and wireless occupancy/vacancy sensors, daylight sensors, and control stations to manage light in a variety of spaces. Control a single space - up to an entire floor - with one or more Energi Savr Node modules.

2.08 LIGHTING CONTROL MODULES (LUTRON ENERGI SAVR NODE)

A. Provide lighting control modules as indicated or as required to control the loads as indicated.

B. General Requirements:

Typically, electrical inspection is required for equipment installed in commercial buildings. Most inspectors will require a UL listing of products. Including the following paragraph ensures proper compliance for commercial applications.

1. Listed to UL 508 as industrial control equipment.

To acquire UL listing on field-assembled panels, a UL inspector must test the installed equipment on site. This will add costs to the project and could result in delays. Factory assembled panels are fully tested and UL listed when delivered to the site. These pre-assembled panels can be quickly installed and eliminate potential assembly errors in the field, saving installation costs.

2. Delivered and installed as a listed factory-assembled panel.

Systems requiring forced air fan cooling require ongoing maintenance and increased energy usage for the life of the system. Natural convection eliminates this need and provides maintenance free cooling. Include this paragraph to ensure maintenance-free cooling of panels. If dimming panels are mechanically cooled, consider requiring the contractor to include a service contract to provide inspection and maintenance service on a semi-annual basis over the life of the equipment.

3. Passively cooled via free-convection, unaided by fans or other means.

4. Mounting: Surface.

5. Connection without interface to wired:

a. Occupancy sensors.

b. Daylight sensors.

c. IR receivers for personal control.

6. LED status indicators confirm communication with occupancy sensors, daylight sensors, and IR receivers.

7. Contact Closure Input:

a. Directly accept contact closure input from a dry contact closure or sold-state output without interface to:

1) Activate scenes.

(a) Scene activation from momentary or maintained closure.

2) Enable or disable after hours.

(a) Automatic sweep to user-specified level after user-specified time has elapsed.

(b) System will provide occupants a visual warning prior to sweeping lights to user-specified level.

(c) Occupant can reset timeout by interacting with the lighting system.

3) Activate or deactivate demand response (load shed).

(a) Load shed event will reduce lighting load by user-specified amount.

8. Emergency Contact Closure Input:

a. Turn all zones to full output during emergency state via direct contact closure input from UL 924 listed emergency lighting interface, security system or fire alarm system.

b. Allow configurable zone response during emergency state.

c. Disable control operation until emergency signal is cleared.

9. Supplies power for control link for keypads and control interfaces.

10. Distributes sensor data among multiple lighting control modules.

11. Capable of being controlled via wireless sensors and controls.

C. Switching Lighting Control Modules:

1. Product(s):

a. Lutron SoftSwitch Energi Savr Node; Model QSN-4S16-S:  16 A continuous-use per channel.

b. Lutron SoftSwitch Energi Savr Node; Model QSN-4S20-S:  20 A (16 A ballast) continuous-use per channel.

Lutron Softswitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles. Switching high inrush loads can damage relay controls over time. The arcing of these relays, depending on load, typically will limit relay life to 10,000 or 50,000 cycles.

2. Switching:

a. Rated Life of Relay: Typical of 1,000,000 cycles at fully rated 16 A for all lighting loads.

b. Load switched in manner that prevents arcing at mechanical contacts when power is applied to and removed from load circuits.

c. Fully rated output continuous duty for inductive, capacitive, and resistive loads.

d. Module to integrate up to four individually controlled zones.

When off, the semiconductor in a dimmer circuit can allow leakage current to the load creating the possibility for an electrical shock. It is common for this leakage current to exceed 5 milliamps (the UL limit for GFCI outlets). Using an air gap eliminates leakage current by requiring a physical disconnect in the off position to prevent electric shock when servicing the load.

e. Utilize air gap off, activated when user selects "off" at any control to disconnect the load from line supply.

D. 0-10V Lighting Control Modules:

1. Product(s):

a. Lutron 0-10 V Energi Savr Node; Model QSN-4T16-S:  16 A continuous-use per channel.

b. Lutron 0-10 V Energi Savr Node; Model QSN-4T20-S:  20 A (16 A ballast) continuous-use per channel.

Some electronic dimming ballasts require:
-A switching circuit to apply or remove power to/from the ballast.
-A low voltage control signal for intensity information.
Dimming control must coordinate both of these items.

2. Coordination Between Low Voltage Dimming Module and Line Voltage Relay: Capable of being electronically linked to single zone.

IEC 60929 is a standard for electronic fluorescent ballasts, and is used by other lighting equipment controlled by low voltage signals including LED drivers and low voltage controlled neon. It defines specific methods for 0-10V, pulse width modulation (PWM), and Digitally Addressable Lighting Interface (DALI).

3. Single low voltage dimming module; capable of controlling following light sources:

a. 0-10 V analog voltage signal.

1) Provide Class 2 isolated 0-10 V output signal conforming to IEC 60929.

2) Sink current per IEC 60929.

b. 10-0 V analog voltage signal.

1) Provide Class 2 isolated 0-10 V output signal conforming to IEC 60929.

2) Sink current per IEC 60929.

Lutron Softswitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles. Switching high inrush loads can damage relay controls over time. The arcing of these relays, depending on load, typically will limit relay life to 10,000 or 50,000 cycles.
4. Switching:

a. Rated Life of Relay: Typical of 1,000,000 cycles at fully rated 16 A for all lighting loads.

b. Load switched in manner that prevents arcing at mechanical contacts when power is applied to and removed from load circuits.

c. Fully rated output continuous duty for inductive, capacitive, and resistive loads.

d. Module to integrate up to four individually controlled zones.

When off, the semiconductor in a dimmer circuit can allow leakage current to the load creating the possibility for an electrical shock. It is common for this leakage current to exceed 5 milliamps (the UL limit for GFCI outlets). Using an air gap eliminates leakage current by requiring a physical disconnect in the off position to prevent electric shock when servicing the load.

e. Utilize air gap off, activated when user selects "off" at any control to disconnect the load from line supply.

E. Digital Fixture Lighting Control Modules:

1. Product(s):

a. Lutron EcoSystem Energi Savr Node; Model QSN-1ECO-S: One EcoSystem Digital Link.

b. Lutron EcoSystem Energi Savr Node; Model QSN-2ECO-S: Two EcoSystem Digital Links.

2. Provides two-way feedback with digital fixtures for energy monitoring, light level status, lamp failure reporting, and ballast/driver failure reporting.

3. Provide testing capability using manual override buttons.

4. Each low-voltage digital communication link to support up to 64 ballasts or LED drivers capable of NFPA 70 Class 1 or Class 2 installation.

Lutron's EcoSystem® is a commercial lighting control system that is comprised of digitally addressable dimming ballasts, controls, and environmental sensors. These components provide businesses with energy savings from 40 to 70%, while increasing space flexibility, improving occupant comfort and productivity, and reducing maintenance costs.

2.09 DIGITAL DIMMING BALLAST AND SWITCHING MODULES (LUTRON ECOSYSTEM)

A. Provide digital dimming ballast and switching modules as indicated or as required to control the loads as indicated.

B. General Requirements:

1. Provide continuous 3-wire signal dimming to compatible 3-wire electronic dimming ballasts.

When off, the semiconductor in a dimmer circuit can allow leakage current to the load creating the possibility for an electrical shock. It is common for this leakage current to exceed 5 milliamps (the UL limit for GFCI outlets). Using an air gap eliminates leakage current by requiring a physical disconnect in the off position to prevent electric shock when servicing the load.

2. Utilize air gap off to disconnect the load from line supply.

3. Connect without interface to:

a. Occupancy sensor.

b. Daylight sensor.

c. Personal control input (wall station or infrared receiver).

EcoSystem ballast modules operate as distributed input points for sensors. Connecting sensors to any EcoSystem ballast or ballast module enables the devices in the system to respond to that sensor. This level of distributed intelligence eliminates homeruns of sensors and other devices to a central controller.

4. Generate digital communication commands to distribute ballast and sensor data on the digital bus.

5. If power is interrupted and subsequently restored, lights automatically return to the setting prior to power interruption.

EcoSystem ballast modules are field programmable to listen to up to 32 occupant sensors, 64 personal control inputs, and 2 daylight sensors. Each ballast module can be configured to respond independently to each of these inputs without knowing how the system will be configured during the design phase. Moreover, such flexibility allows for system modification via programming in lieu of wiring after installation.

6. Each ballast module responds independently to:

a. Up to 32 occupancy sensors.

b. Up to 64 personal control inputs.

An individual EcoSystem ballast module can be configured to respond to 2 daylight sensors; however an EcoSystem bus will support up to 8 daylight sensors.

c. Two daylight sensors.

Digital addressable systems require reprogramming when ballasts and ballast modules fail. Without a visible unique serial ID, extensive documentation and additional support is required to replace multiple ballasts or modules.

7. Unique internal reference number visible displayed on module cover.

Digital and analog ballast based systems will require a processor or external control to manage inputs from multiple sensors (for example, south and west directions) adding cost and complication to a project.

8. Averages two independent daylight harvesting inputs internally.

Conventional load shedding systems can be limited in their performance when the load shedding signal is sent to a dimmed circuit. For example, if a 10 percent load shedding command is sent to a circuit dimmed at 80 percent, the circuit would not respond to the command because it is already operating below the limit set by the load shedding command.

9. Responds to digital load shed command.

a. Sets high end trim.

b. Automatically scales light output proportional to load shed command. (Example: If light output is at 30 percent and a load shed command of 10 percent is received, the ballast to automatically set the maximum light output at 90 percent and lower current light output by 3 percent to 27 percent).

Mis-wiring control wires and/or lamp wires can cause modules to fail. Lutron includes fault protection circuitry in its modules to survive common mis-wires.

10. Provide integral fault protection to prevent ballast module failure in the event of a miswire.

C. Product(s):

The following module is designed for installation within a lighting fixture or other electrical enclosure.

1. 3-Wire Ballast Module, 2 Amp; Lutron EcoSystem Model C5-BMF-2A:

a. Integrates up to 2 amps of 3-wire electronic dimming ballasts into EcoSystem digital control system as a single zone.

The following module is designed for installation to a 4 inch by 4 inch junction box.

2. 3-Wire Ballast Module, 16 Amp; Lutron EcoSystem Model C5-BMJ-16A:

a. Integrates up to 16 amps of 3-wire electronic dimming ballasts into EcoSystem digital control system as a single zone.

b. Integrates up to 16 amps of switched high intensity discharge (HID) lighting load into EcoSystem digital control system as a single zone.

The following module is designed for installation to a 4 inch by 4 inch junction box.

3. Switching Power Module, 16 Amp; Lutron EcoSystem Model C5-XPJ-16A:

a. Integrates up to 16 amps of high in-rush lighting load (magnetic fluorescent ballast, electronic fluorescent ballast, HID, incandescent, magnetic low-voltage, electronic low-voltage, neon/cold cathode and motor loads) into EcoSystem digital control system as a single zone.

2.010 CONTROL STATIONS

A. Provide control stations with configuration as indicated or as required to control the loads as indicated.

B. Wired Control Stations:

1. General Requirements:

Class 2 devices are low voltage and easy to wire. Conduit, trays, and junction boxes can typically be eliminated. Check with your local electrical code. Class 2 wiring allows for a less expensive installation and flexibility to relocate sensors as building needs dictate.

a. Power:  Class 2 (low voltage).

b. UL listed.

c. Provide faceplates with concealed mounting hardware.

Engraving must be durable when exposed to cleaning and normal wear.

d. Borders, logos, and graduations to use laser engraving or silk-screened graphic process that chemically bonds graphics to faceplate, resistant to removal by scratching and cleaning.

e. Finish: <<As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above; White, unless otherwise indicated; Custom colors to be selected by Architect; As indicated on drawings; or __________>>.

2. Multi-Scene Wired Control:

a. General Requirements:

1) Allows control of any devices part of the lighting control system.

Controls can be programmed with different functionality through system software without any hardware changes.

2) Allows for easy reprogramming without replacing unit.

Unit will automatically reprogram without direct human interaction upon replacement.

3) Replacement of units does not require reprogramming.

4) Communications:  Utilize RS485 wiring for low-voltage communication.
To help occupants understand how to use the lighting control system, engraving requirements should be included for all controls. Engraving details should include text size and style.

5) Engrave keypads with button, zone, and scene descriptions <<as indicated on the drawings; to be selected by Architect; or _________>>.

Unlike traditional scene control wall stations, centralized low voltage controls can be programmed so that the buttons can have a variety of functions.

6) Software Configuration:

(a) Customizable control station device button functionality:

(1) Buttons can be programmed to perform single defined action.

(2) Buttons can be programmed to perform defined action on press and defined action on release.

(3) Buttons can be programmed using conditional logic off of a state variable such as time of day or partition status.

(4) Buttons can be programmed to perform automatic sequence of defined actions.
(5) Capable of deactivating select keypads to prevent accidental changes to light levels.
(6) Buttons can be programmed for raise/lower of defined loads.

(7) Buttons can be programmed to toggle defined set of loads on/off.

7) Status LEDs:

Time delays inherent in large systems can cause short delays between button press and system confirmation. To avoid any confusion and prevent multiple button presses, keypads should immediately show that the button has been pressed for visual confirmation.

(a) Upon button press, LEDs to immediately illuminate.

There are two types of keypads; those that only send signals and those that send and receive signals. Having the latter type allows feedback to the user to verify that the request has been received and processed. If the lighting control system fails to process the button press request, the LED will turn off to indicate the true system status.

(b) LEDs to reflect the true system status. LEDs to remain illuminated if the button press was properly processed or LEDs to turn off if the button press was not processed.

(c) Support logic that defines when LED is illuminated:

(1) Scene logic (logic is true when all zones are at defined levels).

(2) Room logic (logic is true when at least one zone is on).

(3) Pathway logic (logic is true when at least one zone is on).

(4) Last scene (logic is true when spaces are in defined scenes).

seeTouch QS Keypads::

• Available in several button configurations and finishes

• Receive up to two contact closure inputs

• LEDs on each button are used during programming and provide feedback when the buttons are pressed

• Large, rounded, backlit buttons with optional engraving

b. Wired Keypads; Lutron seeTouch QS Keypads:

Architectural series keypads use Lutron Nova T* wall plates and are available in insert and non-insert styles. International series keypads use Lutron International style wall plates and are available in insert and non-insert styles. The insert style allows decorator-style controls to be easily ganged. Designer series keypads use Lutron Designer (Claro or Satin Colors) wall plates.

1) Style:  <<Architectural Non-Insert Style; Architectural Insert Style; Designer Style; International Non-Insert Style; International Insert Style>>.
2) Communications: Utilize RS485 wiring for low-voltage communications link.

3) Mounting: Wallbox or low-voltage mounting bracket; provide wall plates with concealed mounting hardware.

4) Button/Engraving Backlighting:

(a) Utilize backlighting for buttons and associated engraving to provide readability under all light conditions.

(b) Backlight intensity adjustable via programming software.

5) Design keypads to allow field-customization of button color, configuration, and engraving using field-changeable replacement kits.

6) Contact Closure Interface: Provide two contact closure inputs on back of unit which provide independent functions from front buttons; accepts both momentary and maintained contact closures.

7) Terminal block inputs to be over-voltage and miswire-protected against wire reversals and shorts.

8) Provide integral infrared receiver for personal control<< where indicated; or _________>>.

Architrave Keypads:

• Available in several button configurations and finishes

• Receives up to two contact closure inputs

• LEDs next to each button are used during programming and provide feedback when the buttons are pressed

• Available with green status and backlight LEDs

c. Wired Keypads; Lutron Architrave QS Keypads:

1) Mounting: Wallbox; Lutron Architrave Wallbox; provide wall plates with concealed mounting hardware.

2) Design keypads to allow field-customization of button color, configuration, and engraving using field-changeable replacement kits.

3) Contact Closure Interface: Provide two contact closure inputs on back of unit which provide independent functions from front buttons; accepts both momentary and maintained contact closures.

4) Terminal block inputs to be over-voltage and miswire-protected against wire reversals and shorts.

Signature Series Keypads:

• Available in several button configurations and finishes

• Receive up to two contact closure inputs

• LEDs on each button are used during programming and provide feedback when the buttons are pressed

• Large, rounded, backlit buttons with option engraving

• Available with either Green or Blue status and backlight LEDs

d. Wired Keypads; Lutron Signature Series QS Keypads:

1) Mounting: Wallbox; Lutron Signature Series Wallbox; provide wall plates with concealed mounting hardware.

2) Button/Engraving Backlighting:

(a) Utilize backlighting for buttons and associated engraving to provide readability under all light conditions.

(b) Backlight intensity adjustable via programming software.

3) Design keypads to allow field-customization of button color, configuration, and engraving using field-changeable replacement kits.

4) Contact Closure Interface: Provide two contact closure inputs on back of unit which provide independent functions from front buttons; accepts both momentary and maintained contact closures.

5) Terminal block inputs to be over-voltage and miswire-protected against wire reversals and shorts.

3. Single-Scene or Zoned Wired Control:

a. Product: Lutron Pico Wired Control.

b. Turn an individual fixture or group of fixtures on and off.

c. Raise and lower light levels.

d. Recall favorite light levels.

4. Four-Button Preset Wallstation:

The following product features six button control: all on, four scenes, and all off with master raise/lower control for one group of EcoSystem fixtures. Four LEDs for night light and secondary color to indicate programming mode.

a. Product: Lutron EcoSystem CC-4BRL Four-Button Control.

b. Recall four scenes plus all on or all off for one group of fixtures.

c. Master raise/lower control for entire group of fixtures.

d. Integral IR receiver for personal control.

e. Immediate local LED response upon button activation to indicate that a system command has been requested.

5. Wired Keyswitch:

a. Product: Lutron QS Keyswitch.

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

b. Configuration:

1) <<Type _____ - >>Three position, momentary, center position key removal; Lutron Model QSWS2-KSI-3MOC.

2) <<Type _____ - >>Three position, maintained, center position key removal; Lutron Model QSWS2-KSI-3MAC.

3) <<Type _____ - >>Two position, maintained, center position key removal; Lutron Model QSWS2-KSI-2MAC.

4) <<Type _____ - >>Two position, maintained, any position key removal; Lutron Model QSWS2-KSI-2MAA.

c. Allows control of any devices part of the lighting control system.

d. Utilize RS485 wiring for low-voltage communication.

e. Functionality:

Controls can be programmed with different functionality through system software without any hardware changes.

1) Allows for easy reprogramming without replacing unit.

2) Requires key insertion to activate actions.

To help occupants understand how to use the lighting control system, engraving requirements should be included for all controls. Engraving details should include text size and style.

f. Engrave keypads with button, zone, and scene descriptions <<as indicated on the drawings; to be selected by Architect; or _________>>.

g. Software Configuration:

1) Customizable control station device button functionality:

(a) Key positions can be programmed to perform single defined action.

(b) Key positions can be programmed using conditional logic off of a state variable such as time of day or partition status.

C. Wireless (Radio Frequency) Controls:

The Pico Wireless Control is a flexible and easy to use device that allows the user to control dimmers and switches. The Pico wireless control can function as a tabletop control on a pedestal, a lightweight handheld remote, or it can be wall-mounted with or without a Lutron Claro faceplate, to mimic a traditional keypad. The battery-operated control requires no external power or communication wiring. Models are available with integral night light.

1. Product(s):
a. <<Type _____ - >>2-Button Control; <<Lutron Pico Wireless Control Model PJ2-2B; or Lutron Pico Wireless Control Module UPJ2-2B (BAA-Buy American Act Compliant)>>.

1) Button Marking:  <<Light (icons); As indicated on drawings; or __________>>.
b. <<Type _____ - >>2-Button Control with Night Light; Lutron Pico Wireless Control Model PJN-2B.

c. <<Type _____ - >>2-Button with Raise/Lower Control; <<Lutron Pico Wireless Control Model PJ2-2BRL; or Lutron Pico Wireless Control Module UPJ2-2BRL (BAA-Buy American Act Compliant)>>.

1) Button Marking:  <<Light (icons); Shade (icons); As indicated on drawings; or __________>>.
d. <<Type _____ - >>3-Button Control; <<Lutron Pico Wireless Control Model PJ2-3B; or Lutron Pico Wireless Control Module UPJ2-3B (BAA-Buy American Act Compliant)>>.

1) Button Marking:  <<Light (icons); As indicated on drawings; or __________>>.
e. <<Type _____ - >>3-Button with Raise/Lower Control; <<Lutron Pico Wireless Control Model PJ2-3BRL; or Lutron Pico Wireless Control Module UPJ2-3BRL (BAA-Buy American Act Compliant)>>.

1) Button Marking:  <<Light (icons); Shade (text); Shade (icons); Blackout (text); Sheer (text); As indicated on drawings; or __________>>.
f. <<Type _____ - >>3-Button with Raise/Lower Control and Night Light; Lutron Pico Wireless Control Model PJN-3BRL.

g. <<Type _____ - >>4-Button; <<Lutron Pico Wireless Control Model PJ2-4B; or Lutron Pico Wireless Control Module UPJ2-4B (BAA-Buy American Act Compliant)>>.

1) Button Marking:  <<Zone controls (light); Zone controls (shade); Scene keypads (light); Scene keypads (shade); 2-group controllers (lights); 2-group controllers (shades); 2-group controllers (light and shade); 4-group toggle; As indicated on drawings; or __________>>.
h. Single Pedestal; Lutron Pico Pedestal Model L-PED1.

i. Double Pedestal; Lutron Pico Pedestal Model L-PED2.

j. Triple Pedestal; Lutron Pico Pedestal Model L-PED3.

k. Quadruple Pedestal; Lutron Pico Pedestal Model L-PED4.

l. Screw Mounting Kit; Lutron Model PICO-SM-KIT.

m. Wallbox Adapter; Lutron Model PICO-WBX-ADAPT.
2. Quantity: <<As indicated on the drawings; To be determined; provide allowance for _____ control(s); or _________>>.

3. Communicates via radio frequency to compatible dimmers, switches, and plug-in modules.

4. Does not require external power packs, power or communication wiring.

Controls can be programmed with different functionality through system software without any hardware changes.

5. Allows for easy reprogramming without replacing unit.

6. Button Programming:

a. Single action.

b. Toggle action.

c. Defined action on press and defined action on release.

7. Includes LED to indicate button press or programming mode status.

8. Mounting:

a. Capable of being mounted with a table stand or directly to a wall under a faceplate.

b. Faceplates: Provide concealed mounting hardware.

9. Power: Battery-operated with minimum ten-year battery life.

10. Finish: <<As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above; White; Black; Ivory; Light Almond; White/Grey; As indicated on drawings; To be selected by Architect; or __________>>.

Infrared transmitters are used with Lutron-supplied infrared receiver controls. They are used in spaces where remote control is required. Operation is through line-of-sight.

D. Infrared Handheld Controls:

1. Product(s):

a. Four-Scene Wireless Infrared Transmitter; Lutron Model GRX-IT-WH: Operates up to 50 feet (15 m) line-of-sight to receiver.

b. Single-Scene Wireless Infrared Transmitter; Lutron Model C-FLRC-WH: Operates up to 12 feet (3.7 m) line-of-sight to receiver.

2. Quantity: <<As indicated on the drawings; To be determined; provide allowance for _____ control(s); or _________>>.

3. Designed for use in conjunction with compatible infrared receiver and lighting control; compatibility dependent on that receiver, not transmitter.

4. Learnable by other variable frequency remote controls.

These interfaces enable the lighting control system to receive or send a control signal to or from another system (Partitioning, Occupancy, A/V, BMS, shades). Include this article if control over the system through external inputs such as contact closure, Ethernet, RS232, building management systems (BMS), etc. is required.

2.011 LOW-VOLTAGE CONTROL INTERFACES

A. Provide low-voltage control interfaces as indicated or as required to control the loads as indicated.

B. UL listed.

C. Contact Closure Interface:

1. Product: Lutron Model QSE-IO.

2. The contact closure input device to accept both momentary and maintained contact closures.

3. The contact closure output device can be configured for maintained or pulsed outputs.

4. Contact closure can be programmed using conditional logic off of a state variable such as time of day or partition status.

D. Wallbox Input Closure Interface:

1. Product: Lutron Model QSE-CI-WCI.

2. Mounts in wallbox behind contact closure keypad to provide interface for up to eight contact closure inputs.

3. The contact closure input device to accept both momentary and maintained contact closures.

E. RS232 and Ethernet Interface:

1. Product: Lutron Model QSE-CI-NWK-E.

2. Provide ability to communicate via Ethernet or RS232 to audiovisual equipment, touchscreens, etc.

3. Provide control of:

a. Light scene selections.

b. Fine-tuning of light scene levels with raise/lower.

The following paragraph would only be included if motorized shades are to be controlled by the lighting control system.

c. Shade group presets.

The following paragraph would only be included if motorized shades are to be controlled by the lighting control system.

d. Fine-tuning of shade preset levels with raise/lower.

e. Simulate system wall station button presses and releases.

4. Provide status monitoring of:

a. Light scene status.

The following paragraph would only be included if motorized shades are to be controlled by the lighting control system.

b. Shade group status.

c. Wall station button presses and releases.

d. Wall station LEDs.

5. Provide ability to send custom output strings.

Include the following paragraph if you require the ability to operate lighting and other equipment that uses DMX-512 protocol, such as strobes, fiber optic lighting, LED-based lamps, fogger machines, and animated characters and motorized fixtures.

F. DMX Interface:

1. Product: Lutron Model QSM-CI-DMX.

2. Provide ability to:

a. Map a single zone intensity to a single DMX512 lighting channel.

b. Map a single zone intensity to three DMX512 channels for RGB/CMY color control.

c. Map a single zone intensity to a single DMX512 integration channel.

d. Smoothly transition from one color to another in a cross fade.

e. Automatically sequence through a variety of colors.

f. Download, program, and customize a color wheel for each unit.

The QS Sensor Module (QSM) is a ceiling-mounted device that integrates Lutron wireless and wired sensors and controls through the QS communication link to Energi Savr Node units, GRAFIK Eye QS, Quantum, and Sivoia QS shades and draperies.

G. Sensor Modules:

1. Products:

Capabilities of the following module:

Up to 4 wired sensors per module

Up to 30 total wireless devices:

Maximum of 10 wireless occupancy sensors

Maximum of 10 wireless daylight sensors

Maximum of 10 wireless controllers

Sensor Module wireless range:

60 ft (18 m) line of sight

20 ft (9 m) through walls

a. Sensor module with both wired and wireless inputs; Lutron Model QSM2-4W-C.

Capabilities of the following module:

Up to 4 wired sensors per module

b. Sensor module with wired inputs only; Lutron Model QSMX-4W-C.

Capabilities of the following module:

Up to 30 total wireless devices:

Maximum of 10 wireless occupancy sensors

Maximum of 10 wireless daylight sensors

Maximum of 10 wireless controllers

Sensor Module wireless range:

60 ft (18 m) line of sight

20 ft (9 m) through walls

c. Sensor module with wireless inputs only; Lutron Model QSM2-XW-C.

2. Wired Modules:

a. Provide wired inputs for:

1) Occupancy sensors.

2) Daylight sensors.

3) IR receivers for personal control.

4) Digital ballast wall stations.

3. Wireless Modules:

a. Provide wireless communication inputs for:

1) Occupancy sensors.

2) Daylight sensors.

3) Wireless controller.

b. RF Range: 30 feet (9 m) between sensor and compatible RF receiving devices.

c. RF Frequency: 434 MHz; operates in FCC governed frequency spectrum for periodic operation; continuous transmission spectrum is not permitted.

4. Communicate sensor information to wired low-voltage digital link for use by compatible devices.

2.012 WIRED SENSORS

A. Wired Occupancy Sensors:

1. General Requirements:

a. Connects directly to compatible ballasts and modules without the need of a power pack or other interface.

b. Turns off or reduces lighting automatically after reasonable time delay when a room or area is vacated by the last person to occupy the space.

c. Accommodates all conditions of space utilization and all irregular work hours and habits.

d. Comply with UL 94.

The self-adaptive internal microprocessor analyzes the sensor information and determines the optimum setting to use, eliminating time-consuming adjustments and callbacks found in non-intelligent sensors.

e. Self-Adaptive Sensors: Continually adjusts sensitivity and timing to ensure optimal lighting control for any use of the space; furnished with field-adjustable controls for time delay and sensitivity to override any adaptive features.

f. Provide capability to:

1) Add additional timeout system-wide without need to make local adjustment on sensor.

2) Group multiple sensors.

Power dropouts occur frequently. When power is restored, the lighting system should recover quickly and automatically return to the last lighting levels. A momentary interruption (1 or 2 seconds) of power should not cause extended periods (20 seconds or more) without lighting while the system reboots and all other electrical equipment is back on.

g. Power Failure Memory: Settings and learned parameters to be saved in non-volatile memory and not lost should power be interrupted and subsequently restored.

h. Furnished with all necessary mounting hardware and instructions.

i. Class 2 devices.

j. Ceiling-Mounted Sensors: Indicate viewing directions on mounting bracket.

k. Wall-Mounted Sensors: Provide swivel-mount base.

l. Color: White.

Ceiling- and wall-mounted sensors using passive infrared (PIR) technology sense occupancy by detecting the difference between heat emitted from the human body in motion and background space. PIR sensors are good at detecting major motion and require an unobstructed line-of-sight for accurate detection. Ceiling-mounted sensors are recommended for larger open spaces with ceilings less than 12 feet high. Wall-mounted sensors are recommended for spaces with pendant fixtures, ceiling fans, or ceilings more than 12 feet high.

2. Wired Passive Infrared Sensors:

Include the following paragraph to ensure that the line-of-sight is not obstructed due to dust and other contaminants.

a. Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-up.

b. Ceiling-Mounted Sensors: Provide customizable mask to block off unwanted viewing areas.

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

c. Product(s):

1) <<Type _____ - >>Ceiling-Mounted Passive Infrared Sensor, 450 square feet (42 sq m); << Lutron Model LOS-CIR-450-WH; or Lutron Model ULOS-CIR-450-WH (BAA-Buy American Act Compliant)>>: Coverage of 450 square feet (42 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view; self-adaptive.

2) <<Type _____ - >>Ceiling-Mounted Passive Infrared Sensor, 1500 square feet (140 sq m); << Lutron Model LOS-CIR-1500-WH; or Lutron Model ULOS-CIR-1500-WH (BAA-Buy American Act Compliant)>>: Coverage of 1500 square feet (140 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view; self-adaptive.

3) <<Type _____ - >>Wall-Mounted Passive Infrared Sensor; << Lutron Model LOS-WIR-WH; or Lutron Model ULOS-WIR-WH (BAA-Buy American Act Compliant)>>:  Coverage of 1600 square feet (149 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 110 degree field of view; self-adaptive.

4) <<Type _____ - >>High Bay Passive Infrared Sensor, Surface-Mounted, 180 Degree; Lutron Model LUT-WSPSM24V-180-CPN6111: Coverage radius of 42 feet (13 m) at mounting height of 30 feet (9 m) and 50 feet (15 m) at mounting height of 45 feet (14 m); 180 degree field of view; field-adjustable timeout.

5) <<Type _____ - >>High Bay Passive Infrared Sensor, Surface-Mounted, 360 Degree; Lutron Model LUT-WSPSM24V-360-CPN6111: Coverage radius of 42 feet (13 m) at mounting height of 30 feet (9 m) and 50 feet (15 m) at mounting height of 45 feet (14 m); 360 degree field of view; field-adjustable timeout.

6) <<Type _____ - >>High Bay Passive Infrared Sensor, End-Mounted, 180 Degree; Lutron Model LUT-WSPSM24V-180-CPN6112: Coverage radius of 42 feet (13 m) at mounting height of 30 feet (9 m) and 50 feet (15 m) at mounting height of 45 feet (14 m); 180 degree field of view; field-adjustable timeout.

7) <<Type _____ - >>High Bay Passive Infrared Sensor, End-Mounted, 360 Degree; Lutron Model LUT-WSPSM24V-360-CPN6112: Coverage radius of 42 feet (13 m) at mounting height of 30 feet (9 m) and 50 feet (15 m) at mounting height of 45 feet (14 m); 360 degree field of view; field-adjustable timeout.

8) <<Type _____ - >>High Bay Passive Infrared Sensor, Fixture-Mounted, 360 Degree; Lutron Model FHB140NP24V-CPN5190: Coverage radius of 42 feet (13 m) at mounting height of 30 feet (9 m) and 50 feet (15 m) at mounting height of 45 feet (14 m); 360 degree field of view; field-adjustable sensitivity and timeout; customizable mask for aisle and end of aisle applications.

Ceiling-mounted sensors using ultrasonic technology sense occupancy by bouncing ultrasonic sound waves (32 kHz-45 kHz) off objects in a space and detecting a frequency shift between emitted and reflected sound waves. Ultrasonic sensors are good at detecting minor motion and do not require an unobstructed line-of-sight. Ceiling-mounted sensors are recommended for larger open spaces with ceilings less than 12 feet high.

3. Wired Ultrasonic Sensors:

The intent of the following paragraph is to eliminate sensor cross talk and assure reliable performance.

a. Utilize an operating frequency of 32 kHz or 40 kHz, crystal-controlled to operate within plus/minus 0.005 percent tolerance.

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

b. Product(s):

1) <<Type _____ - >>Ceiling-Mounted Ultrasonic Sensor, 500 square feet (46 sq m); << Lutron Model LOS-CUS-500-WH; or Lutron Model ULOS-CUS-500-WH (BAA-Buy American Act Compliant)>>: Coverage of 500 square feet (46 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 180 degree field of view; self-adaptive.

2) <<Type _____ - >>Ceiling-Mounted Ultrasonic Sensor, 1000 square feet (93 sq m); << Lutron Model LOS-CUS-1000-WH; or Lutron Model ULOS-CUS-1000-WH (BAA-Buy American Act Compliant)>>: Coverage of 1,000 square feet (93 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 180 degree field of view; self-adaptive.

3) <<Type _____ - >>Ceiling-Mounted Ultrasonic Sensor, 2000 square feet (186 sq m); << Lutron Model LOS-CUS-2000-WH; or Lutron Model ULOS-CUS-2000-WH (BAA-Buy American Act Compliant)>>: Coverage of 2000 square feet (186 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view; self-adaptive.

Ceiling-and wall-mounted dual technology sensors use both passive infrared and ultrasonic technologies for sensing occupancy providing maximum reliability. Ceiling-mounted sensors are recommended for larger open spaces with ceilings less than 12 feet height. Wall-mounted sensors are recommended for spaces with pendant fixtures, ceiling fans, or ceilings more than 12 feet high.

4. Wired Dual Technology Sensors:

Include the following paragraph to ensure that the line-of-sight is not obstructed due to dust and other contaminants.

a. Passive Infrared: Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-up.

Include the following paragraph to eliminate sensor cross talk and assure reliable performance.

b. Ultrasonic: Utilize an operating frequency of 32 kHz or 40 kHz, crystal-controlled to operate within plus/minus 0.005 percent tolerance.

c. Ceiling-Mounted Sensors: Provide customizable mask to block off unwanted viewing areas.

Contact Rating (R Models only)
SPDT 500mA rated at 24V isolated relay.

d. Isolated Relay: Provide an internal additional isolated relay with Normally Open, Normally Closed, and Common outputs for use with HVAC control, Data Logging and other control options<< where indicated>>.

Photocell (R Models only)
-Prevents light from turning on when there is sufficient natural light
-Sensitivity: 0-1,000 LUX adjustable

e. Integral Photocell: Provide an integral photocell with adjustable sensitivity to prevent lights from turning on when there is sufficient natural light<< where indicated>>.

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

f. Product(s), Without Isolated Relay and Integral Photocell:

1) <<Type _____ - >>Ceiling-Mounted Dual Technology Sensor, 500 square feet (46 sq m); << Lutron Model LOS-CDT-500-WH; or Lutron Model ULOS-CDT-500-WH (BAA-Buy American Act Compliant)>>: Coverage of 500 square feet (46 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 180 degree field of view; self-adaptive.

2) <<Type _____ - >>Ceiling-Mounted Dual Technology Sensor, 1000 square feet (93 sq m); << Lutron Model LOS-CDT-1000-WH; or Lutron Model ULOS-CDT-1000-WH (BAAA-Buy American Act Compliant)>>: Coverage of 1000 square feet (93 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 180 degree field of view; self-adaptive.

3) <<Type _____ - >>Ceiling-Mounted Dual Technology Sensor, 2000 square feet (186 sq m); << Lutron Model LOS-CDT-2000-WH; or Lutron Model ULOS-CDT-2000-WH (BAA-Buy American Act Compliant)>>: Coverage of 2000 square feet (186 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view; self-adaptive.

4) <<Type _____ - >>Wall-Mounted Dual Technology Sensor; << Lutron Model LOS-WDT-WH; or Lutron Model ULOS-WDT-WH (BAA-Buy American Act Compliant>>: Coverage of 1600 square feet (149 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 110 degree field of view; self-adaptive.

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

g. Product(s), With Isolated Relay and Integral Photocell:

1) <<Type _____ - >>Ceiling-Mounted Dual Technology Sensor, 500 square feet (46 sq m); << Lutron Model LOS-CDT-500R-WH; or Lutron Model ULOS-CDT-500R-WH (BAA-Buy American Act Compliant)>>: Coverage of 500 square feet (46 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 180 degree field of view; with isolated relay and integral photocell; self-adaptive.

2) <<Type _____ - >>Ceiling-Mounted Dual Technology Sensor, 1000 square feet (93 sq m); << Lutron Model LOS-CDT-1000R-WH; or Lutron Model ULOS-CDT-1000R-WH (BAAA-Buy American Act Compliant)>>: Coverage of 1000 square feet (93 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 180 degree field of view; with isolated relay and integral photocell; self-adaptive.

3) <<Type _____ - >>Ceiling-Mounted Dual Technology Sensor, 2000 square feet (186 sq m); << Lutron Model LOS-CDT-2000R-WH; or Lutron Model ULOS-CDT-2000R-WH (BAA-Buy American Act Compliant)>>: Coverage of 2000 square feet (186 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view; with isolated relay and integral photocell; self-adaptive.

4) <<Type _____ - >>Wall-Mounted Dual Technology Sensor; << Lutron Model LOS-WDT-R-WH; or Lutron Model ULOS-WDT-R-WH (BAA-Buy American Act Compliant>>:  Coverage of 1600 square feet (149 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 110 degree field of view; with isolated relay and integral photocell; self-adaptive.

B. Sensor Power Packs:

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

1. Product(s):
a. <<Type _____ - >>347 VAC power input/24 VDC, 100 mA power output; 15 A ballast (347 V) relay contact rating; <<Lutron Model PP-347H Power Pack; or Lutron Model UPP-347H Power Pack (BAA-Buy American Act Compliant)>>.
b. <<Type _____ - >>120-277 VAC power input/24 VDC, 150 mA power output; 16 A lighting (120-177 V), 1 HP motor (120-277 V) relay contact rating; << Lutron Model PP-DV Power Pack; or Lutron Model UPP-DV Power Pack (BAA-Buy American Act Compliant)>>.

c. <<Type _____ - >>120-277 VAC power input (manual)/24 VDC, 150 mA power output; 16 A lighting (120-177 V), 1 HP motor (120-277 V) relay contact rating;<< Lutron Model PP-DV-M Power Pack; or Lutron Model UPP-DV-M Power Pack (BAA-Buy American Act Compliant)>>.

d. <<Type _____ - >>Control relay only (no power input/output); requires another power pack for power and counts as one of three sensors connected to a power pack; 16 A lighting (120-277 V), 1 HP motor (120-277 V), 15 A ballast (347 V) relay contact rating; << Lutron Model PP-SH Power Pack; or Lutron Model UPP-SH Power Pack (BAA-Buy American Act Compliant)>>.
2. Provide sensor power packs where required for power connection to sensors.

3. For ease of mounting, installation and future service, power pack(s) to be able to mount through a 1/2 inch knockout in a standard electrical enclosure and be an integrated, self-contained unit consisting internally of an isolated load switching control relay and a transformer to provide low-voltage power. Transformer to provide power to a minimum of three sensors.

4. Plenum-rated.

5. Control Wiring Between Sensors and Control Units: Class 2, 18-24 AWG, stranded UL Classified, PVC insulated or TEFLON jacketed cable suitable for use in plenums, where applicable.

C. Infrared Receivers:

The Infrared Sensor is designed specifically to work with Lutron's control modules and sensor interfaces. The Infrared Receiver provides personal control input by wiring directly to the control module. The Infrared (IR) receiver can be used to control one fixture or a group of fixtures.
-Mounts easily on any ceiling tile or fixture with 10mm (3/8 inch) diameter hole
-Receives IR signals and transfers them to a digital ballast, control module, or sensor interface
-Sensor wire insulation is rated 600V, suitable for fixture installation.

1. Product: Lutron Model EC-IR-WH.

Class 2 devices are low voltage and easy to wire. Conduit, trays, and junction boxes can typically be eliminated. Check with your local electrical code. Class 2 wiring allows for a less expensive installation and flexibility to relocate sensors as building needs dictate.

2. Use Class 2 wiring for low voltage communication.

3. Can be replaced without reprogramming.

4. 360 degree reception of wireless infrared remote controls.

5. Immediate local LED response upon reception of handheld transmitter communication.

6. Mountable on lighting fixtures or recessed acoustical ceiling tiles.

Glue or other chemical adhesives can become caustic or brittle at high temperatures. EcoSystem daylight sensors and infrared receivers are constructed without the use of glue or adhesives to prevent part separation or noxious gas emissions.

7. Constructed via sonic welding.

8. Color: White.

D. Wired Daylight Sensors:

1. Digital Interior Daylight Sensor:

The following digital daylight sensor is designed specifically to work with Lutron's ballasts, control modules, and sensor interfaces to implement daylight harvesting. It allows the control system to automatically dim the lights when the available daylight is high and brighten the lights when the available daylight is low in order to maintain a specific light level in the space. An integrated IR receiver resides within the sensor to allow access to the system for advanced programming and personal control.
-Photopic response matches human eye
-Mounts easily on any ceiling tile or fixture with 10mm (3/8 inch) diameter hole
-Receives IR signals and transfers them to a digital ballast, control module, or sensor interface
-Sensor wire insulation is rated to 600V, suitable for fixture installation.
a. Product: Lutron Model EC-DIR-WH.

b. Use Class 2 wiring for low voltage communication.

c. Can be replaced without reprogramming.

To provide a stable daylight control scheme, the sensor should operate in an open loop fashion so that light within the space is integrated to maintain average light levels. Closed loop sensors tend to look at fixed point and can widely fluctuate the lighting in the space depending on the status of the fixed point. For example, a white paper on a desk can give the illusion that the space is too bright, and the closed loop sensor would dim all of the lights.

d. Open-loop basis for daylight sensor control scheme.

e. Stable output over temperature from 32 degrees F (0 degrees C) to 104 degrees F (40 degrees C).

f. Partially shielded for accurate detection of available daylight to prevent fixture lighting and horizontal light component from skewing sensor detection.

g. Provide linear response from 0 to 500 footcandles.

h. Integral IR receiver for personal control.

i. Mountable on lighting fixtures or recessed acoustical ceiling tiles.

Glue or other chemical adhesives can become caustic or brittle at high temperatures. EcoSystem daylight sensors and infrared receivers are constructed without the use of glue or adhesives to prevent part separation or noxious gas emissions.

j. Constructed via sonic welding.

k. Color: White.

2. Daylight Control Package:

The CES daylight sensor package allows Lutron lighting control systems to respond to ambient light levels based on the settings of the controller. The package includes a power pack, CES daylight sensor, and LC8 controller. It can be integrated via contact closure into a variety of Lutron lighting systems.
-Allows management of Lutron lighting control systems through dry contact closure outputs from the LC8 controller
-The controller features adjustable On and Off setpoints
-The package can be integrated into any Lutron system that accepts dry contact closure inputs
-A variety of sensor types are available to fit any application

a. Product: Lutron CES Series (Lutron CES Analog Sensor, LC8 Controller, and Power Pack).
b. Controller:

1) Product: Lutron Model LC8.

2) Automatically switches a dry contact according to changes in ambient light levels.

3) Fully adjustable separate high and low setpoints, with an adjustable dead band between set points to prevent unwanted cycling.

4) Input time delay to prevent unwanted cycling due to intermittent light level fluctuations.

5) Signal/setpoint and relay status indication.

6) Sensor calibration input.

c. Sensors:

1) Class 2, three-wire analog devices.

2) Provision for zero or offset based signal.

3) Indoor Photo Sensors; Lutron Model CES/I: With fresnel lens and 60 degree cone of response; sensor range of 0 to 750 footcandles.

4) Outdoor Photo Sensors; Lutron Model CES/O: Weatherproof, with hood over aperture to shield sensor from direct sunlight; sensor range of 0 to 750 footcandles.

5) Atrium Photo Sensors; Lutron Model CES/A: With translucent dome and 180 degree field of view; sensor range of 2 to 2,500 footcandles.

6) Skylight Photo Sensors; Lutron Model CES/S: With translucent dome and 180 degree field of view; sensor range of 10 to 7,500 footcandles.

Include the following paragraph for automatic detection of partition status. Sensor will supply signal to the centralized lighting control system to automatically reconfigure the space depending on the status of the partition.

E. Infrared Partition Sensors:

1. Product: Lutron Model GRX-IRPS-WH.

2. Provide contact closure based on status of the partition wall (open/close) enabling automatic linking of controls.

2.013 WIRELESS SENSORS

A. General Requirements:

1. Operational life of 10 years without the need to replace batteries when installed per manufacturer's instructions.

2. Communicates directly to compatible RF receiving devices through use of a radio frequency communications link.

3. Does not require external power packs, power wiring, or communication wiring.

4. Capable of being placed in test mode to verify correct operation from the face of the unit.

5. RF Range: 30 feet (9 m) between sensor and compatible RF receiving device(s).

The FCC sets limits on EMI/RFI for both non-consumer (commercial and industrial) and consumer (residential) applications. The class B, consumer limits are more stringent than the class A, non-consumer limits.

6. Electromagnetic Interference/Radio Frequency Interference (EMI/RFI) Limits: Comply with FCC requirements of 47 CFR 15, for Class B application.

Lutron's occupancy/vacancy sensors are wireless, battery-powered passive infrared (PIR) sensors that automatically control lights via RF communication to compatible dimming and switching devices. These sensors detect the heat from people moving within an area to determine when the space is occupied. The sensors then wirelessly transmit the appropriate commands to the associated dimming and switching devices to turn the lights on or off automatically. They combine both convenience and exceptional energy savings along with ease of installation.

B. Wireless Occupancy/Vacancy Sensors:

1. General Requirements:

a. Provides a clearly visible method of indication to verify that motion is being detected during testing and that the unit is communicating to compatible RF receiving devices.

Include the following paragraph to ensure that the line-of-sight is not obstructed due to dust and other contaminants.

b. Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-up.

Lutron's XCT signal processing technology greatly enhances the performance of PIR sensors, enabling them to "see" fine motions that other sensors couldn't previously detect. Plus, the user-replaceable batteries are designed to last up to 10 years.

c. Sensing Mechanism: Passive infrared coupled with technology for sensing fine motions; Lutron XCT Technology. Signal processing technology detects fine-motion passive infrared (PIR) signals without the need to change the sensor's sensitivity threshold.

d. Provide optional, readily accessible, user-adjustable controls for timeout, automatic/manual-on, and sensitivity.

e. Turns off lighting after reasonable and adjustable time delay once the last person to occupy the space vacates a room or area. Provide adjustable timeout settings of 1, 5, 15, and 30 minutes.

f. Capable of turning dimmer's lighting load on to an optional locked preset level selectable by the user. Locked preset range to be selectable on the dimmer from 1 percent to 100 percent.

g. Color: White.

h. Provide all necessary mounting hardware and instructions for both temporary and permanent mounting.

i. Provide temporary mounting means to allow user to check proper performance and relocate as needed before permanently mounting sensor. Temporary mounting method to be design for easy, damage-free removal.

j. Sensor lens to illuminate during test mode when motion is detected to allow installer to verify coverage prior to permanent mounting.

k. Ceiling-Mounted Sensors:

1) Provide surface mounting bracket compatible with drywall, plaster, wood, concrete, and compressed fiber ceilings.

2) Provide recessed mounting bracket compatible with drywall and compressed fiber ceilings.

3) Provide customizable mask to block off unwanted viewing areas.

l. Wall-Mounted Sensors: Provide wall or corner mounting brackets compatible with drywall and plaster walls.

2. Wireless Combination Occupancy/Vacancy Sensors:

-Wireless occupancy sensor has three settings available: Auto-On/Auto-Off, Auto-On Low-Light/Auto-Off, and Manual-On/Auto-Off
-Auto-On Low-Light feature will only turn lights on automatically if there is less than approximately 1 fc (10 lux) of ambient light
-Simple and intuitive adjustments available for Timeout, Auto-On, and Activity settings
-Supports advanced occupancy features, such as dependent occupancy groups and customizable occupied/unoccupied presets in some systems
-Refer to product specification submittal of receiving device to determine system limits

a. Ceiling-Mounted Sensors: Programmable to operate as an occupancy sensor (automatic-on and automatic-off), an occupancy sensor with low light feature (automatic-on when less than one footcandle of ambient light available and automatic-off), or a vacancy sensor (manual-on and automatic-off).

-Wireless occupancy sensor has two settings available: Auto-On/Auto-Off, and Manual-On/Auto-Off
-Simple and intuitive adjustments available for Timeout, Activity, and Auto-On settings
-Supports advanced occupancy features, such as dependent occupancy groups and customizable occupied/unoccupied presets in some systems
-Refer to product specification submittal of receiving device to determine system limits

b. Wall-Mounted Sensors: Programmable to operate as an occupancy sensor (automatic-on and automatic-off), or a vacancy sensor (manual-on and automatic-off).

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

c. Product(s):

Wireless ceiling-mounted occupancy/vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology for sensing fine motion. Sensor can be auto-on/auto-off, auto-on low light/auto-off, or manual on/auto-off. Ceiling-mounted sensors are recommended for spaces with ceilings less than 12 feet high.

1) <<Type _____ - >>Ceiling-Mounted Occupancy/Vacancy Sensor; << Lutron Radio Powr Savr Series, Model LFR2-OCR2B-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-OCR2B-P-WH (BAA-Buy American Act Compliant)>>: Coverage from 324 square feet (30.2 sq m) to 676 square feet (62.4 sq m) depending on ceiling height from 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view.

Wireless 180 degree coverage wall-mount occupancy/vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology. Sensor can be auto-on/auto-off or manual on/auto-off.

2) <<Type _____ - >>Wall-Mounted Occupancy/Vacancy Sensor; << Lutron Radio Powr Savr Series, Model LFR2-OWLB-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-OWLB-P-WH (BAA-Buy American Act Compliant)>>: Minor motion coverage of 1500 square feet (139.4 sq m) and major motion coverage of 3000 square feet (278.7 sq m) with mounting height of 6 to 8 feet (1.8 to 2.4 m); 180 degree field of view.

Wireless 90 degree coverage corner-mount occupancy/vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology. Sensor can be auto-on/auto-off or manual on/auto-off.
3) <<Type _____ - >>Corner-Mounted Occupancy/Vacancy Sensor; << Lutron Radio Powr Savr Series, Model LFR2-OKLB-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-OKLB-P-WH (BAA-Buy American Act Compliant)>>: Minor motion coverage of 1225 square feet (113.8 sq m) and major motion coverage of 2500 square feet (232.3 sq m) with mounting height of 6 to 8 feet (1.8 to 2.4 m); 90 degree field of view.

Wireless hallway occupancy/vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology. Sensor can be auto-on/auto-off or manual on/auto-off.

4) <<Type _____ - >>Hallway Occupancy/Vacancy Sensor; << Lutron Radio Powr Savr Series, Model LFR2-OHLB-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-OHLB-P-WH (BAA-Buy American Act Compliant)>>: Major motion coverage of up to 150 feet (45.7 m) with mounting height of 6 to 8 feet (1.8 to 2.4 m); narrow field of view.

3. Wireless Vacancy-Only Sensors:

a. Operates only as a vacancy sensor (manual-on and automatic-off)<< in accordance with CAL TITLE 24 P6 requirements>>.

If more than one model is required, the optional choice can be used to assign type designations. Make sure that designations indicated on the drawings are consistent with those specified here.

b. Product(s):

Wireless ceiling-mounted vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology for sensing fine motion. Sensor is manual on/auto-off (meets California Title 24 requirements). Ceiling-mounted sensors are recommended for spaces with ceilings less than 12 feet high.

1) <<Type _____ - >>Ceiling-Mounted Vacancy-Only Sensor; << Lutron Radio Powr Savr Series, Model LFR2-VCR2B-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-VCR2B-P-WH (BAA-Buy American Act Compliant)>>: Coverage from 324 square feet (30.2 sq m) to 676 square feet (62.4 sq m) depending on ceiling height from 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view.

Wireless 180 degree coverage wall-mount vacancy-only sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology. Sensor is manual-on/auto-off (meets California Title 24 requirements).

2) <<Type _____ - >>Wall-Mounted Vacancy-Only Sensor; << Lutron Radio Powr Savr Series, Model LFR2-VWLB-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-VWLB-P-WH (BAA-Buy American Act Compliant)>>: Minor motion coverage of 1500 square feet (139.4 sq m) and major motion coverage of 3000 square feet (278.7 sq m) with mounting height of 6 to 8 feet (1.8 to 2.4 m); 180 degree field of view.

Wireless 90 degree coverage corner-mount vacancy-only sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology. Sensor is manual-on/auto-off (meets California Title 24 requirements).

3) <<Type _____ - >>Corner-Mounted Vacancy-Only Sensor; << Lutron Radio Powr Savr Series, Model LFR2-VKLB-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-VKLB-P-WH (BAA-Buy American Act Compliant)>>: Minor motion coverage of 1225 square feet (113.8 sq m) and major motion coverage of 2500 square feet (232.3 sq m) with mounting height of 6 to 8 feet (1.8 to 2.4 m); 90 degree field of view.

Wireless hallway vacancy-only sensor using infrared technology for sensing occupancy coupled with Lutron XCT Technology. Sensor is manual-on/auto-off (meets California Title 24 requirements).

4) <<Type _____ - >>Hallway Vacancy-Only Sensor; << Lutron Radio Powr Savr Series, Model LFR2-VHLB-P-WH; or Lutron Radio Powr Savr Series, Model ULFR2-VHLB-P-WH (BAA-Buy American Act Compliant)>>: Major motion coverage of up to 150 feet (45.7 m) with mounting height of 6 to 8 feet (1.8 to 2.4 m); narrow field of view.

C. Wireless Daylight Sensors:

Lutron's wireless daylight sensor is a battery-powered sensor that automatically controls lights via RF communication to compatible dimming or switching devices. This sensor mounts to the ceiling and measures light in the space. The sensor then wirelessly transmits the light level to the associated dimming or switching devices that automatically control the lights to balance light level in the space. The sensor combines both convenience and exceptional energy savings along with ease of installation.

1. Product: Lutron Model LFR2-DCRB.

2. Open-loop basis for daylight sensor control scheme.

3. Stable output over temperature from 32 degrees F (0 degrees C) to 104 degrees F (40 degrees C).

4. Partially shielded for accurate detection of available daylight to prevent fixture lighting and horizontal light component from skewing sensor detection.

5. Provide linear response from 0 to 10,000 footcandles.

6. Color: White.

7. Mounting:

a. Provide surface mounting bracket compatible with drywall, plaster, wood, concrete, and compressed fiber ceilings.

b. Provide all necessary mounting hardware and instructions for both temporary and permanent mounting.

c. Provide temporary mounting means to allow user to check proper performance and relocate as needed before permanently mounting sensor. Temporary mounting method to be design for easy, damage-free removal.

8. Meets CAL TITLE 24 P6 requirements.

2.014 ACCESSORIES

A. Emergency Lighting Interface:

Lutron's Application Note #106 contains more information on emergency lighting systems.

1. Product: Lutron Model LUT-ELI.

2. Provides total system listing to UL 924 when used with lighting control system.

3. Senses all three phases of building power.

4. Provides an output to power panels or digital ballast interfaces if power on any phase fails and sends all lights controlled by these devices to <<an emergency light level setting; 100 percent intensity; or __________>>. Lights to return to their previous intensities when normal power is restored.

5. Accepts a contact closure input from a fire alarm control panel.

B. Provide power supplies as indicated or as required to power system devices and accessories.

1. Product(s):

a. Junction box-mounted power supply for shades, keypads, and accessories, and for providing additional low voltage power to communication link; Lutron Model QSPS-J-1-35V; with miswire and thermal protection.

b. Plug-in power supply for shades, drapery drive units, keypads, and accessories, and for providing additional low voltage power to communication link; Lutron Model QSPS-P1-1-35V; with miswire protection; powered from standard receptacle using cord 6 feet (1.8 m) in length; complies with DOE Level VI regulation.

c. Ten output power supply panel for shades, drapery drive units, keypads and accessories, and for providing additional low voltage power to communication link; Lutron Model QSPS-10PNL; no replaceable fuses required for overload/miswire protection; contains DOE Level VI Compliant power supplies.

d. Power supply for keypads and accessories (not for shades/window treatments), and for providing additional low voltage power to communication link; Lutron Model QSPS-DH-1-75.

C. Provide locking covers for controls <<where indicated; located _________; or __________>>.
1. Reversible to allow lock to be located on either side of control.

2. Compatible with IR controls.

3. Does not reduce specified IR range by more than 50 percent of its original specification.

4. Product(s):

a. 1-gang device for compatible Lutron QS keypads; Lutron Model GRX-1GLC.

b. 4-gang device for Lutron Grafik Eye QS main units; Lutron Model QSG-4GLC.

2.015 SOURCE QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Factory Testing; Lutron Standard Factory Testing:

To ensure that 100 percent of the lighting control products work at installation, the manufacturer should test 100 percent of all assemblies at full rated load in the factory. This testing will assure that every product has been tested and guaranteed to work. Sampling would only prove that the samples work and should not be acceptable.

1. Perform full-function factory testing on all completed assemblies. Statistical sampling is not acceptable.

To ensure that 100 percent of the lighting control products work at installation, the manufacturer should test 100 percent of all ballasts at the factory.

2. Perform full-function factory testing on 100 percent of all ballasts and LED drivers.

Audit burn-in is used to verify the consistency of quality for the supplied devices and manufacturing processes so that they meet the design intent.

3. Perform factory audit burn-in of all dimming assemblies and panels at 104 degrees F (40 degrees C) at full load for two hours.

Sample burn-in is used to verify the consistency of quality for the supplied devices and manufacturing processes so that they meet the design intent.

4. Perform factory burn-in of 100 percent of all ballasts at 104 degrees F (40 degrees C).
PART 3   EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.

B. Verify that ratings and configurations of system components are consistent with the indicated requirements.

C. Verify that mounting surfaces are ready to receive system components.

D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where applicable, NECA 130<<, except for mounting heights specified in those standards;, including mounting heights specified in those standards unless otherwise indicated; or __________>>.

B. Install products in accordance with manufacturer's instructions.

In order for the system to be fully commissioned and operating to specification, a database will need to be created. It is critical that the manufacturer receive information on load and control functionality so that the database can be written and fully tested by the manufacturer.

C. Define each dimmer/relay load type, assign each load to a zone, and set control functions.

D. Sensor Locations:

Lighting Control Manufacturer Sensor Layout and Tuning service may be specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS".

1. Where Lighting Control Manufacturer Sensor Layout and Tuning service is specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS", locate sensors in accordance with layout provided by Lighting Control Manufacturer. Lighting Control Manufacturer may direct Contractor regarding sensor relocation should conditions require a deviation from locations indicated. Where Lighting Control Manufacturer Sensor Layout and Tuning service is not specified, locate sensors in accordance with Drawings.
2. Sensor locations indicated are diagrammatic. Within the design intent, reasonably minor adjustments to locations may be made in order to optimize coverage and avoid conflicts or problems affecting coverage, in accordance with manufacturer's recommendations.

In order for the exterior daylight sensor to respond to daylight during the entire daylight period, the sensor should face north so that in the morning it will see daylight from the east and in the evening it will see daylight from the west. Directing the sensor due north also minimizes direct lighting exposure to the sensor which could overload the sensor.

E. Mount exterior daylight sensors to point due north with constant view of daylight.

Interior sensors work mainly with diffused light, as such, they have a much higher lighting gain than exterior sensors. Electric light sources can affect these sensors unless the sensors are shielded from the light given off by electric light sources.

F. Ensure that daylight sensor placement minimizes sensor view of electric light sources. Locate ceiling-mounted and luminaire-mounted daylight sensors to avoid direct view of luminaires.

Many lamp manufacturers recommend seasoning fluorescent lamps prior to dimming in order to ensure full rated life.

G. Lamp Burn-In: Operate lamps at full output for prescribed period per manufacturer's recommendations prior to use with any dimming controls. Replace lamps that fail prematurely due to improper lamp burn-in.

If the lamp leads exceed the specification, premature lamp failure and/or trouble starting the lamps may result.

H. Lamp Lead Lengths: Do not exceed 3 feet (0.9 m) for T4 4-pin compact and T5 BIAX lamps and 7 feet (2.1 m) for T5, T5-HO, T8 U-bend, and T8 linear fluorescent lamps.

If the lamp leads exceed the specification, trouble starting the lamps may result.

I. LED Light Engine/Array Lead Length: Do not exceed 100 feet (31 m).
Use the following paragraph to specify an optional visit for system and network integration consultation. Edit the choice to have this additional value included as an alternate or as part of the base bid.

A System and Network Integration Consultation is required for a job that will integrate with a third party BMS system.

J. System and Network Integration Consultation; Lutron LSC-INT-VISIT: Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for Lighting Control Manufacturer to conduct meeting with facility representative and other related equipment manufacturers to discuss equipment and integration procedures.

1. Coordinate scheduling of visit with Lighting Control Manufacturer. Manufacturer recommends that this visit be scheduled early in construction phase, after system purchase but prior to system installation.

K. Identify system components<< in accordance with Section 26 0553>>.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.

--CHOOSE ONLY ONE OF THE TWO PARAGRAPHS BELOW—

Use the following paragraph if there will be no manufacturer start-up, or use the paragraph below to specify Lutron start-up services. Keep in mind however that without Lutron start-up services, warranty coverage is significantly reduced. Coordinate with warranty requirements specified in Part 1 under "WARRANTY".

B. Manufacturers Startup Services will not be required.
Use the following paragraph to specify Lutron start-up services, or use the paragraph above if there will be no manufacturer start-up. Keep in mind however that without Lutron start-up services, warranty coverage is significantly reduced. Coordinate with warranty requirements specified in Part 1 under "WARRANTY".

Lutron's standard startup services include multiple site visits to ensure proper operation. The first site visit ensures that the contractor is trained to install the system correctly. The second visit starts up the system and ensures that the system is operating as specified, and trains the owner on system operation and functionality.

C. Manufacturer's Startup Services; Lutron Standard Startup Services:

1. Manufacturer's authorized Service Representative to conduct minimum of two site visits to ensure proper system installation and operation.

2. Conduct Pre-Installation visit to review requirements with installer as specified in Part 1 under "Administrative Requirements".

3. Conduct second site visit upon completion of lighting control system to perform system startup and verify proper operation:

Lighting Control Manufacturer Sensor Layout and Tuning service may be specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS".

a. Where Lighting Control Manufacturer Sensor Layout and Tuning service is specified in Part 2 under “LIGHTING CONTROL SYSTEM – GENERAL REQUIREMENTS”, authorized Service Representative to verify sensor locations, in accordance with layout provided by Lighting Control Manufacturer; Lighting Control Manufacturer may direct Contractor regarding sensor relocation should conditions require a deviation from locations indicated.

b. Verify connection of power wiring and load circuits.

c. Verify connection and location of controls.

d. Address devices.

e. Verify system operation control by control.

f. Verify proper operation of manufacturer's interfacing equipment.

g. Configure initial groupings of ballast for wall controls, daylight sensors and occupancy sensors.

h. Provide initial rough calibration of sensors; fine-tuning of sensors is responsibility of Contractor unless provided by Lighting Control Manufacturer as part of Sensor Layout and Tuning service where specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS".

i. Train Owner's representative on system capabilities, operation, and maintenance, as specified in Part 3 under "Closeout Activities".

j. Obtain sign-off on system functions.

Use the following paragraph to specify startup of lighting control system outside normal business hours (at an additional cost). Edit the choice to have this additional cost included as an alternate or as part of the base bid.

k. After Hours Startup; Lutron LSC-AH-SU: Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs to perform manufacturer's startup procedures outside normal working hours (Monday through Friday, 7am to 5pm).

D. Correct defective work, adjust for proper operation, and retest until entire system complies with contract documents.

3.04 ADJUSTING

Use the following paragraph to specify an optional on-site meeting with the Lighting Control Manufacturer to make adjustments to the lighting control system, after all equipment and room furnishings have been installed. Edit the first choice to have this additional value included as an alternate or as part of the base bid.
This meeting may be desired in order to meet the lighting designer's original design intent. These adjustments may include light level, fade time and delay in lighting scenes.

A. On-Site Scene and Level Tuning; Lutron LSC-AF-VISIT: Include <<as part of the base bid; as an alternate to the base bid; or _________>> additional costs for Lighting Control Manufacturer to visit site to conduct meeting with <<Engineer; Owner's representative; Lighting Designer; or __________>> to make required lighting adjustments to the system for conformance with original design intent.

Lighting Control Manufacturer Sensor Layout and Tuning service may be specified in Part 2 under "LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS".

B. Sensor Fine-Tuning: Where Lighting Control Manufacturer Sensor Layout and Tuning service is specified in Part 2 under “LIGHTING CONTROL SYSTEM – GENERAL REQUIREMENTS”, Lighting Control Manufacturer to provide up to two additional post-startup on-site service visits for fine-tuning of sensor calibration. Where Lighting Control Manufacturer Sensor Layout and Tuning service is not specified, Contractor to provide fine-tuning of sensor calibration.

3.05 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match original factory finish.

3.06 COMMISSIONING

A. See Section 01 9113 – General Commissioning Requirements for commissioning requirements.

Use the following paragraph to specify that lighting control acceptance testing required by California Title 24, Part 6 (California Energy Code) be performed by Lighting Control Manufacturer. Edit the second choice to have this additional cost included as an alternate or as part of the base bid.

Required documentation associated with this service is also specified in Part 1 under “SUBMITTALS”.
B. Title 24 Acceptance Testing Service; Lutron LSC-SPV-DOC-T24: Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for Lighting Control Manufacturer to perform lighting control acceptance testing in accordance with CAL TITLE 24 P6. Submit required documentation.

3.07 CLOSEOUT ACTIVITIES

A. See Section 01 7800 - Closeout Submittals, for closeout submittals.

B. See Section 01 7900 - Demonstration and Training, for additional requirements.

C. Demonstration:

Use the following paragraph to specify an optional on-site walkthrough to demonstrate system functionality (at an additional cost). Edit the first choice to have this additional cost included as an alternate or as part of the base bid.
An on-site walkthrough to demonstrate system functionality to a commissioning agent is often required for LEED projects, other projects which involve a commissioning agent, or Title 24 (California) projects. During this visit, the manufacturer's authorized Service Representative will perform tasks, at the request of the facility representative or commissioning agent, such as to demonstrate wall control functions, explain timeclock schedules or describe occupancy or daylight sensor functionality.

1. On-Site Performance-Verification Walkthrough; Lutron LSC-WALK: Include <<as part of the base bid; as an alternate to the base bid; or __________>> additional costs for lighting control manufacturer to provide on-site demonstration of system functionality to <<commissioning agent; facility representative; or __________>>.

D. Training:

Lutron's standard Start-up procedure includes one day of training for customer representatives. Include the paragraph below to specify additional training visits.

1. Include services of manufacturer's authorized Service Representative to perform on-site training of Owner's personnel on operation, adjustment, and maintenance of lighting control system as part of standard system start-up services.

Lutron's standard start-up procedure includes one day of training for customer representatives. Use the following paragraph to specify additional training visits. Edit the first choice to have this additional value included as an alternate or as part of the base bid. Edit the number of training days required according to project requirements.

2. Customer-Site Solution Training Visit; Lutron LSC-TRAINING: Include <<as part of the base bid; as an alternate to the base bid; or _________>> additional costs for Lighting Control Manufacturer to provide <<one; or _____>> day(s) of additional on-site system training.

3.08 PROTECTION

A. Protect installed products from subsequent construction operations.

Describe any maintenance services that are to be performed after completion. Be clear as to whether the original contractor is to perform such service under the original construction contract or a separate service agreement is required. The latter is usually preferred as it does not unnecessarily delay final payment and contract closeout.

3.09 MAINTENANCE

A. See Section 01 7000 - Execution and Closeout Requirements, for additional requirements relating to maintenance service.

Use the following paragraph to specify an on-site meeting between the Lighting Control System Manufacturer and a facility representative to evaluate the system usage after the building has been in operation for a predetermined period of time (at an additional cost). Edit the first choice to have this additional cost included as an alternate or as part of the base bid. This evaluation can include sensor calibration, timeclock programming, light level analysis, sensor layout support, and training. Edit the time period according to project requirements.

B. System Optimization Visit; Lutron LSC-SYSOPT: Include <<as part of the base bid; as an alternate to the base bid; or _________>> additional costs for Lighting Control System Manufacturer to visit site <<six months; or __________>> after system start-up to evaluate system usage and discuss opportunities to make efficiency improvements that will fit with the current use of the facility.

END OF SECTION
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