
SECTION 260943.13

DIGITAL-NETWORK LIGHTING CONTROLS

Lutron Quantum Light Management System 

This specification is dated March 21, 2011 and supersedes all previous Quantum specifications.

This section includes editing notes to assist the user in editing the section to suit project requirements. These notes are included as hidden text, and can be revealed or hidden by one of the following methods:

· Microsoft Word: From the pull-down menus select TOOLS, then OPTIONS. Under the tab labeled VIEW, select or deselect the HIDDEN TEXT option.

· Corel WordPerfect: From the pull-down menus select VIEW, then select or deselect the HIDDEN TEXT option.

To print a copy of the specification that includes the hidden text, (1) Select “Print” (2) Select “Options” (3a) Check the box to print hidden text. (3b) Uncheck the box to not print hidden text.

This guide specification section is intended for use in the preparation of a project specification section covering the Lutron Quantum lighting control system.

The following should be noted in using this specification:

· Hypertext links are included to those organizations whose standards are referenced within the text, to assist in product selection and further research. 

· Optional text requiring a selection by the user is enclosed within brackets, e.g.: “Section [09000.] [_____.]"

· Items requiring user input are enclosed within brackets, e.g.: “Section [_____ - ________]."

· Optional paragraphs are separated by an "OR" statement, e.g.:

**** OR **** 

PART 1  - GENERAL

1.1 SUMMARY

Edit the following paragraph to include only those items specified in this section.

A. Section Includes:

1. Digital-Network Lighting Control System.

2. Fluorescent Electronic Dimming Ballasts.

B. Related Sections:

Quantum includes the capability of controlling lighting fixtures equipped with EcoSystem ballast or ballast module interface, lighting panels, Grafik QS, QS keypads, building automation system integration, and Sivoia QS window treatments.   

Edit the following subparagraphs to coordinate with other sections in the Project Manual.   

1. Section [061000 - Rough Carpentry:] [______ - ___________:] Blocking for support of [window shade brackets] [and] [pocket assemblies].
2. Section [092100 – Plaster and Gypsum Board Assemblies:] [______ - ___________:] Gypsum board substrate for window shade systems.

3. Section [095100 - Acoustical Ceilings:] [______ - ___________:] Shade pockets, pocket closures, and accessories.

4. Section [122413 – Roller Window Shades:] [______ - ___________:] Sivoia QS.

5. Section [260943.16 – Addressable Fixture Lighting Control:] [______ - ___________:] EcoSystem components and ballast module interfaces.

6. Section [260923 – Lighting Control Devices:] [______ - ___________:] Occupancy sensors.
7. Section [260926 – Lighting Control PanelBoards:] [______ - ___________:] Lighting panels (switching) controlled by Digital Network Lighting Control System.

8. Section [260936 – Modular Dimming Controls:] [______ - ___________:] GRAFIK Eye QS

9. Section [262726 - Wiring Devices:] [______ - ___________:] Receptacles 

10. Section [265113 – Interior Lighting Fixtures, Lamps, and Ballasts:] [______ - ___________:] Fluorescent electronic dimming ballasts.

11. Section [25000 – Integrated Automation] [______ - ___________:] Building integrator shall provide integration of the lighting control system with Building Automation Systems.

12. Section [274100 – Audio-Video Systems:] [______ - ___________:] Connections to audio/visual equipment.

1.2 REFERENCES

Edit paragraphs below to include only those standards referenced elsewhere in this Section.

A. American National Standards Institute/Institute of Electrical and Electronic Engineers (ANSI/IEEE) (www.ansi.org and www.ieee.org) 

1. C62.41-1991 – Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits.

2. ANSI C12.20 Accuracy Standards

B. ASTM International (ASTM) (www.astm.org) 

1. D4674 -02a Standard Test Method for Accelerated Testing for Color Stability of Plastics Exposed to Indoor Fluorescent Lighting and Window-Filtered Daylight.

2. G21-96 (2002) - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to Fungi.

3. G22-76 (1996) - Standard Practice for Determining Resistance of Plastics to Bacteria.

C. Canadian Standards Association (CSA) (www.csa.ca). 

1. CSA C22.2 # 14 Industrial Control Equipment 

2. CSA C22.2 # 184 Solid-State Lighting Controls 

3. CSA C22.2 # 156 Solid-State Speed Controls 

4. CSA C22.2 # 42.1-00 Cover Plates for Flush Mounted Wiring Devices

5. CSA C22.2 # 42-99 General Use Receptacles 

6. CSA C22.2 #. 74 – Electronic Ballast Standard

7. CSA 22.2 # 223 - Power Supplies with Extra-Low-Voltage Class 2 Outputs.

D. International Electrotechnical Commission (www.iec.ch).

1. (IEC) 801-2 Electrostatic Discharge Testing Standard.

2. IEC/EN 60669-2-1 Switches for household and similar fixed electrical installations - electronic switches.

3. IEC/EN 55014-1 (2000) - Emission Test for Electrical Motor-Operated and Thermal Appliances for Household and Similar Purposes, Electrical Tools and Similar Electrical Apparatus.

4. IEC/EN 61000-3-2 (2000) - Limits for Harmonic Currents Emissions.

5. IEC/EN 61000-3-3 (1995) - Limitation of Voltage Fluctuations and Flicker.

6. IEC/EN 55014-2 (1997) - Immunity Test for Household Appliances Electrical Tools and Similar Electrical Appliances.

7. IEC/EN 60335-1 (2004) - Household and Similar Electrical Appliances - General Requirements.

8. IEC/EN 60335-2-97 (2002) - Household and Similar Electrical Appliances - Particular Requirements for Drives for Roller Shutters, Awnings, Blinds, and Similar Equipment.

E. International Organization for Standardization (ISO) (www.iso.ch):
1. 9001:2000 – Quality Management Systems.

F. National Electrical Manufacturers Association (NEMA) (www.nema.org) 
1. WD1 (R2005) - General Color Requirements for Wiring Devices.

2. WD6 – Dimensional Specifications.

3. Ballast standards

G. Norma Official Mexicana (NOM).

1. NOM-003-SCFI Productos eléctricos - Especificaciones de seguridad (Electrical products - Safety Specifications) 

H. Underwriters Laboratories, Inc. (UL) (www.ul.com): 

1. 94 – Flammability Rating

UL 489 is the UL Standard for Safety for Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures that Underwriters Laboratories uses to independently evaluate, test and List circuit breakers for use on lighting and other branch circuits in compliance with the NEC code.  It is important that circuit breakers used for branch circuit over current protection are UL 489 listed to ensure that all NEC code requirements are met. 

2. 489 (2002) - Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures.

UL 498 is the UL Safety Standard for line cord products and wall mounted receptacles. 

3. UL498 – Standard for Attachment Plugs and Receptacles.

UL 508 is the UL Standard for Safety for Industrial Control Equipment that Underwriters Laboratories uses to independently evaluate, test and List dimmer panels.  The limited short circuit test required by this standard tests that the product fails safely in the event that the output terminals to the load are short-circuited.  This is an important safety test. 

4. 508 (1999) - Standard for Industrial Control Equipment.

UL 514 is the UL Standard is the requirement for decorative wall plates used on dimmers, switches, and receptacles. 

5. UL514C – Standard for Non-metallic Outlet Boxes, Flush Device Boxes, and Covers.

6. 916 – Energy Management Equipment.

Emergency Lighting for Ballasts requires LUT-ELI

7. 924 (2003) - Emergency Lighting and Power Equipment 

8. 935 (2005) - Fluorescent Ballasts

9. 1310 – Class 2 Power Units.

UL 1472 is the Underwriters Laboratories Standard for Safety of Solid State Dimming Controls that sets limits on the amount of DC voltage a dimmer may deliver to a magnetic ballast or transformer.  UL Listed wall box dimmers must comply with this standard.  This ensures that the dimmer will not overheat the transformer.

Lutron applies this requirement in the design and testing of all the Commercial system dimming products for MLV loads as well. 

10. 1472 (1996) - Solid-State Dimming Controls.

I. National Fire Protection Association (NFPA) (www.nfpa.org) 701 (2004) - Standard Methods of Fire Tests for Flame Propagation.

1.3 SYSTEM DESCRIPTION 

Edit paragraph below retaining only those Quantum technologies required to suit project requirements.

A. Quantum includes computer-based software that provides control, configuration, monitoring and reports.  System includes:

1. Lighting Management Panel

2. Quantum Manager - light management computer

3. Q-Admin - light management computer software.

4. [GreenGlance – energy savings display software]

5. [Personna PC – web-based personal control software]

6. [Factory assembled dimming and switching panels] [and] [power interfaces and power modules]

7. Low voltage [control stations] [and] [control interfaces] [and] [sensors]

8. [Solid-state high frequency fluorescent dimming ballasts

a. 3-Wire (Line Voltage Controlled) Dimming Ballasts

b. 2-Wire (Line Voltage Controlled) Dimming Ballasts

c. 0-10 V (Low Voltage Controlled) Dimming Ballasts

d. Digital (Low Voltage Controlled) Dimming Ballasts]

9. [EcoSystem components and ballast module interfaces (addressable fixture lighting control)]

10. [Sivioa QS (window treatments)]

11. [HyperionTM Open Loop Solar Adaptive Shade Algorithm]

12. [Permanently installed occupancy/vacancy sensors] [and power packs]

13. [Receptacles and plugs] [and] [data, voice and cable jacks] [and] [screwless, seamless wall plates]
14. [Metering]
1.4 SUBMITTALS
Edit paragraph below to coordinate with other sections in the Project Manual.

A. Submit under provisions of Section [013300.] [______.]

B. Specification Conformance Document:  Indicate whether the submitted equipment:

1. Meets specification exactly as stated.

2. Meets specification via an alternate means and indicate the specific methodology used.

C. Shop Drawings; include:   

1. Schematic (one-line diagram) of system. 
2. Shade schedule indicating room number, opening sizes, quantities and key to details.

3. Head, jamb and sill details, and mounting dimension requirements for each product and mounting condition.

Edit the following paragraph to suit project requirements.

D. Samples:

1. Fabric samples showing [each specified color.] [manufacturer’s full range of available colors.]

2. Samples showing available color and finish selections for controls.

E. Product Data: Catalog cut sheets with performance specifications demonstrating compliance with specified requirements.

F. Sequence of Operation to describe how each area operates and how any building wide functionality is described.

G. Quality Control Submittals:

1. Test Reports: Indicating compliance with specified fabric properties.

Include the following paragraph for certification of bacterial and mildew resistance.

2. Certification: Morton International Laboratory Report for PVC coated fabrics and bacterial and mildew resistance.

1.5 CLOSEOUT SUBMITTALS

Lutron has enhanced startup documentation that may be purchased.  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. 

Retain paragraph below if this enhanced documentation from the Lighting Control System Manufacturer is desired to meet project requirements.

A. [Sustainable Design Closeout Documentation (LSC-LEED-DOC)

1. Lighting Control System Manufacturer to provide Enhanced Start-up documentation that details the start-up procedure being performed including a process to follow, details on tests performed and an area that documents any test results.]

1.6 QUALITY ASSURANCE

Edit paragraph below to indicate minimum level of experience required by lighting management control manufacturers to suit project requirements.

A. ManufacturerQualifications: 

1. Minimum [10] [__] years experience in manufacture of lighting management systems. 

2. Manufacturer: Minimum [5] [__] years experience in manufacture of precision-engineered, low-voltage motorized shading systems.

3. Quality System: Registered to ISO 9001:2000 Quality Standard, including in-house engineering for product design activities.

4. Assign responsibility for design, engineering, installation, and performance of window shade system to single manufacturer and their qualified dealers and installers.

5. Furnish shading system and electrical control equipment for complete installation and single source responsibility of shading and lighting control.

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

Edit paragraph below retaining only those standards necessary to meet project requirements.

B. Lighting control system components:  

1. Listed by [UL] [CSA] specifically for the required loads.  Provide evidence of compliance upon request.  

1.7 DELIVERY, STORAGE, AND HANDLING

A. Store products in manufacturer's unopened packaging until ready for installation.

B. Include installation, programming, and maintenance instructions.

1.8 PROJECT CONDITIONS

A. Do not install equipment until following conditions can be maintained in spaces to receive equipment:

1. Ambient temperature: 

a. Lighting Control System and Window Shades: 0 degrees to 40 degrees C (32 degrees to 104 degrees F).

b. Q-Manager, system computer: 10 degrees to 35 degrees C (50 degrees to 90 degrees F)

c. Fluorescent dimming ballasts: 10 degrees to 60 degrees C (50 degrees to 140 degrees F)

2. Relative humidity: Maximum 90 percent, non-condensing.

3. Lighting control system must be protected from dust during installation.

B. Do not install products under environmental conditions outside manufacturer's absolute limits.

1.9 WARRANTY  

Choose the Warranty that best fits the owner’s needs.  The standard Warranty is 2 years; however, an 8 year warranty is available to the owner by purchasing an Enhanced 8-year Warranty option.   

A. Provide Manufacturer’s Warranty:

1. Standard 2-year warranty, Includes:
a. 100 Percent Replacement Parts for Manufacturer Lighting System Components

b. 100 Percent Manufacturer Labor Coverage to Troubleshoot and Diagnose a Lighting Issue

c. First –Available Onsite or Remote Response Time

d. 24 Hours Per Day, 7 Days Per Week Telephone Technical Support, Excluding Manufacturer Holidays

e. Remote Diagnostics for Applicable Systems

f. 4-Hours of Remote Programming for Applicable Systems
2. Enhanced 8-year Silver Level limited parts warranty, Includes:
a. Years 1-2:

1) 100 Percent Replacement Parts for Manufacturer Lighting System Components

2) 100 Percent Manufacturer Labor Coverage to Troubleshoot and Diagnose a Lighting Issue

3) First-Available Onsite or Remote Response Time

4) Remote Diagnostics for Applicable Systems
5) 4-Hours of Remote Programming for Applicable Systems

b. Years 3-5:  50% Replacement Parts Coverage

c. Years 6-8:  25% Replacement Parts Coverage

d. 24 Hours Per Day, 7 Days Per Week Telephone Technical Support, Excluding Manufacturer Holidays

3. Enhanced 8-year Gold Level limited parts warranty, Includes:

a. Years 1-2:

1) 100 Percent Replacement Parts for Manufacturer Lighting System Components

2) 100 Percent Manufacturer Labor Coverage to Troubleshoot and Diagnose a Lighting Issue

3) 72-Hour Onsite or Remote Response Time

4) Annual Scheduled Preventative Maintenance Visit

5) Remote Diagnostics for Applicable Systems
6) 4-Hours of Remote Programming for Applicable Systems

b. Years 3-5:  50% Replacement Parts Coverage

c. Years 6-8:  25% Replacement Parts Coverage

d. 24 Hours Per Day, 7 Days Per Week Telephone Technical Support, Excluding Manufacturer Holidays

**** OR ****

4. Enhanced 8-year Platinum Level limited parts warranty, Includes: 
a. Years 1-2:

1) 100 Percent Replacement Parts for Manufacturer Lighting System Components

2) 100 Percent Manufacturer Coverage to Troubleshoot and Diagnose a Lighting Issue

3) 24-Hour Onsite or Remote Response Time

4) Annual Scheduled Preventative Maintenance Visit

5) Remote Diagnostics for Applicable Systems
6) 4-Hours of Remote Programming for Applicable Systems

b. Years 3-5:  50% Replacement Parts Coverage

c. Years 6-8:  25% Replacement Parts Coverage
d. 24 Hours Per Day, 7 Days Per Week Telephone Technical Support, Excluding Manufacturer Holidays
An upgraded full ten-year warranty is available to the owner by purchasing additional years of Support and Maintenance Plan coverage.  Edit the paragraphs below to specify the optional coverage period to be included (3 to 8 years) in addition to the above warranty.  If the Warranty outlined above is sufficient, delete the paragraph below.  Edit level of Support and Maintenance Plan to suit project requirements by choosing Silver, Gold or Platinum Level in paragraphs below.

B. [Provide Manufacturer’s Support and Maintenance Plan for [8] [__] years covering 100 percent parts and 100 percent labor and additional benefits as described below beginning 2 years after system startup completion.]

1. Silver Level Support and Maintenance Plan, Includes:

a. 100 Percent Parts for Manufacturer Lighting System Components

b. 100 Percent Manufacturer Labor Coverage for Troubleshooting and Diagnosis of Lighting Issues

c. 24 Hours Per Day, 7 Days Per Week Telephone Technical Support, Excluding Manufacturer Holidays

d. First-Available Onsite or Remote Response Time

e. Remote Diagnostics for Applicable Systems

f. 4-Hours of Remote Programming for Applicable Systems

**** OR ****

2. Gold Level Support and Maintenance Plan, Includes:

a. 100 Percent Parts for Manufacturer Lighting System Components

b.  100 Percent Manufacturer Labor Coverage for Troubleshooting and Diagnosis of Lighting Issues

c. 24 Hours Per Day, 7 Days Per Week Telephone Technical Support, Excluding Manufacturer Holidays

d. 72-Hour On-Site or Remote Response Time

e. Annual Scheduled Preventative Maintenance Visit

f. Remote Diagnostics for Applicable Systems 

g. 4-Hours Remote Programming for Applicable Systems

h. Includes Service Coverage Upgrade of the Initial 2-year 100 Percent Manufacturer Labor Coverage to Gold Level Coverage.

**** OR ****

3. Platinum Level Support and Maintenance Plan, Includes:

a. 100 Percent Parts for Manufacturer Lighting System Components 

b.  100 Percent Manufacturer Labor Coverage for Troubleshooting and Diagnosis of Lighting Issues

c. 24 Hours Per Day, 7 Days per Week Telephone Technical Support, excluding Manufacturer Holidays 

d. 24-Hour On-Site or Remote Response Time

e. Annual Scheduled Preventative Maintenance Visit

f. Remote Diagnostics for Applicable Systems

g. 4-Hours Remote Programming for Applicable Systems

h. Includes Service Coverage Upgrade of the Initial 2-Year 100 Percent Manufacturer Labor Coverage to Platinum Level Coverage.

C. Quantum Manager is covered by a 1-year parts and labor warranty.  

A standard EcoSystem ballast module warranty is 3 years; however, when purchased with Lutron system startup, the warranty of a Lutron ballast module is extended to 5 years.

Retain paragraph below if EcoSystem ballast modules will be included to meet project requirements.

D. [Provide manufacturer’s warranty covering 5 years with factory startup on ballasts and ballast modules from date of purchase.]

Retain paragraph below if Sivoia QS Shades will be included to meet project requirements.  Edit to coordinate with other sections in the Project Manual.

E. [For Sivoia QS shades, see section 122413 – Roller Window Shades: Sivoia QS.]

1.10 Maintenance MATERIAL SUBMITTALS

A. Make ordering of new equipment for expansions, replacements, and spare parts available to end-user, qualified dealer or installer. 

B. Make new replacement parts available for minimum of 10 years from date of manufacture.

PART 2  - PRODUCTS

2.1 MANUFACTURERS

A. Acceptable Manufacturer: Lutron Electronics Co., Inc. – System: Lutron Quantum 
****OR****

B. [Basis of design product: Lutron Quantum or subject to compliance and prior approval with specified requirements of this section, one of the following:]

1. Lutron Quantum

2. <Insert manufacturer’s name>

C. Substitutions: [Not permitted.] [Under provisions of Division 1.] 

Delete items 1 through 3 if substitutions are not permitted.

1. All proposed substitutions (clearly delineated as such) must be submitted in writing for approval by the design professional a minimum of 10 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 substitutions provided by the contractor shall be reviewed at the contractor’s expense by the electrical engineer at a rate of [$200.00] per hour.

3. By using pre-approved substitutions, the contractor accepts responsibility and associated costs for all required modifications to circuitry, devices, and wiring.  The contractor shall provide complete engineered shop drawings (including power wiring) with deviations for the original design highlighted in an alternate color to the engineer for review and approval prior to rough-in.

2.2 GENERAL

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.  The following statement ensures that the operating equipment is designed to operate at worst case environmental conditions without affecting product life.

A. Lighting Controls: Ten-year operational life while operating continually at any temperature in an ambient temperature range of 0 degrees C (32 degrees F) to 40 degrees C (104 degrees F) 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 801-2 standard (human body model).  Testing should be completed on all user accessible points such as terminal blocks, buttons, and control inputs.  The standard listed below describe only how to conduct this test, that is why it is important to specify “without impairment of performance” as the pass/fail criteria.

B. Designed and tested to withstand discharges without impairment of performance when subjected to discharges of 15,000 volts per IEC 801-2.

2.3 DIMMING / RELAY PERFORMANCE REQUIREMENTS

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.  

A component operated at 10 degrees C above the rated temperature will have HALF the life expectancy.  A component operated at 20 degrees C above the rated temperature will have one quarter the life expectancy.

A component operated at 10 degrees C below the rated temperature will have DOUBLE the life expectancy. A component operated at 20 degrees C below the rated temperature will have quadruple the life expectancy.

The following statement ensures a minimum 10-year operating life under worst case field conditions.

A. Electrolytic capacitors to operate at least 20 degrees C below the component manufacturer's maximum temperature rating when device is under fully-loaded conditions in 40 degrees C (104 degrees F) ambient 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 anytime when turned on or when lamps fail.  The following two statements (Thyristors & Dimmers/Relays) ensure reliability of components.

B. Load Handling Thyristors (SCRs and triacs), Field Effect Transistors (FETs), and Isolated Gate Bipolar Transistors (IGBTs): The component’s maximum current rating to be at least two times the dimmer’s/relay’s rated operating current.

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

A surge protector is sold as an accessory to a computer purchase to protect it from lighting 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.  The following statement ensures that the surge protection is built into the dimming system.

D. Design and test dimmers/relays to withstand line-side surges without impairment to performance.

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 listed below describe only how to conduct this test, that is why it is important to specify “without impairment of performance” as the pass/fail criteria.

1. Panels: Withstand surges without impairment of performance when subjected to surges of 6,000 volts, 3,000 amps per ANSI/IEEE C62.41 and per IEC 61000-4-5 surge requirements.

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 standards listed below describe only how to conduct this test, that is why it is important to specify “without impairment of performance” as the pass/fail criteria.

2. Other power handling devices: Withstand surges without impairment of performance when subjected to surges of 6,000 volts, 200 amps per ANSI/IEEE C62.41.

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.  

E. Power failure memory and dimmer/relay recovery: 

1. When power is interrupted and subsequently returned, within 3 seconds lights will automatically return to same levels (dimmed setting, full on, or off) prior to power interruption.

F. Dimmers: 

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

Web Link: Power Quality







1. 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/cycle), frequency shifts (plus or minus 2 Hz change in frequency/second), dynamic harmonics, and line noise. 

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

To minimize surge currents and extend lamp life.

3. Each dimmer to 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 a 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.

4. 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.

5. Control all light sources in smooth and continuous manor. 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. 

6. Each dimmer to be assigned a load type that will provide a proper dimming curve for the specific light source.  

7. Possess ability to have load types assigned per circuit, configured in field.

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

8. Minimum and maximum light levels user adjustable on circuit-by-circuit basis.

9. Line Voltage Dimmers; Meet following load-specific requirements:

a. Magnetic Low Voltage (MLV) transformer:

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

1) Contain circuitry designed to control and provide a symmetrical AC waveform to input of magnetic low voltage transformers per UL 1472, Section 5.11.

2) 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 wave forms.  Most electronic transformers require a reverse phase control wave form.  Transformer manufacturers should be able to provide detailed information on dimming requirements.

b. Electronic Low Voltage (ELV) transformer: 

1) Dimmer to operate electronic low voltage transformers via reverse phase control.  Alternately, forward phase control dimming may be used if dimming equipment manufacturer has recommended specific ELV transformers being provided.

c. 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.

1) Magnetic transformers: UL listed for use with normal (low) power factor magnetic transformers.
Electronic transformer technology is continually evolving.  At this time (July 2007) 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.

2) Electronic transformers: Must be supported by the ballast equipment manufacturer for control of specific ballasts being provided.

10. Low Voltage Dimming Modules; Meet following requirements:

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.

a. 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).  

For additional information on controlling LEDs please see the following application note:

Web Link: LED






Other low voltage control methods need to be tested and approved by the lighting control manufacturer.  See TVM Module on page 2 of the following “Custom Combination Panels” link: 

Web Link: Custom Combination Panels






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

1) 0-10V analog voltage signal.  

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

b) Sink current via IEC 60929. 

c) Source current.  

2) 10-0V reverse analog voltage signal.

3) DSI digital communication.

4) DALI broadcast communication IEC 60929:

a) Logarithmic intensity values in compliance with IEC 60929.

b) Linear intensity values for use with LED color intensity control.

5) PWM IEC 60929.

G. Non-dim circuits to meet the following requirements:

Switching high inrush loads can damage relay contacts over time.  The arcing of these relays, depending on load, will limit relay life to 10,000 to 50,000 cycles.  Relays are rated differently for inductive, capacitive, and resistive loads.  SoftSwitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles.    Please see the following website for more information:

Web Link: Softswitch Technology






1. Rated life of relay at full load: Minimum 1,000,000 cycles.

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

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

Retain the article below if power panels will be included to meet project requirements.  Edit paragraphs below based on which power panel types are necessary to suit project requirements.

Delete article below if no power panels will be necessary to meet project requirements.

2.4 POWER PANELS

GP: Grafik Panel – dimming panel with three (3) to one hundred and forty four (144) circuits.

Web Link: GP Dimming Panel






LP: Light duty Panel – generally used for smaller load sizes.  

Web Link LP Modular Dimming Panel






XP: Switching Panel utilizes Softswitch technology for switching applications only. 

Web Link: XP Switching Panel






DCI: DC Dimming Panel – meant for use in MRI rooms, but can be used for applications requiring zero lamp noise (i.e. recording studios). 

Web Link: DCI Dimming Panel






CCP: Combination Panels – same style as LP; however, capable of being customized with a mixture of module types. 

Web Link: Custom Combination Panels







A. Product: Lutron [GP] [LP] [XP] [DCI] [CCP] Series.

B. Mechanical:

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

1. Listed to UL 508 (United States) as industrial control equipment. CSA (Canada) certified, or NOM (Mexico) approved as applicable.

To acquire UL or CSA listing on field assembled panels, a UL/CSA 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/CSA 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.  

Edit paragraph below retaining only those standards necessary to meet project requirements.

2. Delivered and installed as a [UL] [CSA] listed factory assembled panel.

If you remove components of the panel and reassemble it in the field, the UL listing is voided.  To regain the UL listing the field assembled panel must be re-inspected by a UL inspector.  The benefits of having the equipment pre-tested at the factory are lost.  The following statement ensures panel integrity. 

3. Field wiring accessible from front of panel without need to remove dimmer assemblies or other components. 

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.  The following statement ensures 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.  

4. Panels passively cooled via free-convection, unaided by fans or other means. 

Typically mis-wires and load shorts occur during initial startup.  To prevent any damage to the equipment, jumpers need to be in place during startup.  An additional benefit is that jumpers can be re-inserted to provide lighting in spaces in the unlikely event of a dimmer failure.  

5. Ship panels with each dimmer in mechanical bypass position by means of jumper bar inserted between input and load terminals. Jumpers to carry full rated load current and be reusable at any time. Mechanical bypass device to allow for switching operation of connected load with dimmer removed by means of circuit breaker. 

C. Electrical:

1. Panels contain branch circuit protection for each input circuit unless the panel is a dedicated feed-through type panel or otherwise indicated on the drawings.

2. Branch circuit breakers; meet following performance requirements:

a. Listed to UL 489 as molded case circuit breaker for use on lighting circuits.

For additional information about AIC ratings please see the following link.

Web Link: SCCR & AIC App Note #144


Edit the subparagraph below to choose the AIC Rating necessary to meet the project requirements. 

b. Contain visual trip indicator; rated at [10,000 AIC, 120 V Dimming], [14,000 AIC, 277 V Dimming], [18,000 AIC, 277 V Switching]. 

Thermal magnetic breakers have two types of trip mechanisms.  Magnetic trip mechanism reacts quickly to short duration very high current pulses.  This provides superior protection for electrical faults resulting from short circuits.  Thermal trip mechanism reacts slower and protects against overload conditions.  Breakers with out thermal sensing element can result in overheating of load wiring and risk of failure to wire insulation.  Breakers using the combination of these two provide the best overall equipment and circuit protection.

c. Thermal-magnetic construction for overload, short-circuit, and over-temperature protection.  Use of breakers without thermal protection requires dimmers/relays to have integral thermal protection to prevent failures when overloaded or ambient temperature is above rating of panel.

d. Accept tag-out/lock-out devices to secure circuit breakers in off position when servicing loads.

e. Replaceable without moving or replacing dimmer/relay assemblies or other components in panel.
f. UL listed as switch duty (SWD) so that loads can be switched on and off by breakers.  

Typical projects require Short Circuit Current Ratings (SCCR) of less than 25,000 amps.  For projects where the installation demands higher SCCR ratings, Lutron offers UL listed SCCR panel options up to 65,000A.  

For additional information about SCCR ratings and its relation to AIC ratings please see the following link.

Web Link: SCCR & AIC App Note #144


Edit the subparagraph below to choose the SCCR Rating necessary to meet the project requirements. 

3. Minimum UL listed Short Circuit Current Rating (SCCR) of [25,000A] [45,000A] [65,000A]. 

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 a 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.

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

D. Lutron GP Series Grafik Panel [Architectural Lighting Control Panel]:

As projects develop, loads and circuiting frequently change.  The following statement ensures that a single product can be used for a wide variety of loads.  For the customer, the system has flexibility to adapt to load and circuiting changes without changing out the equipment or losing the UL listing.  For the contractor, this allows load reconfiguration in the field without rewiring.

1. Dimmers designed and tested to specifically control incandescent/tungsten, magnetic low voltage, electronic low voltage, neon/cold cathode, fluorescent dimming ballasts, and non-dim loads.

For applications that require large lighting loads up to 16 amps per circuit, the GP provides a superior solution because the power density (watts of control per square inches of panel space) is optimized for these load sizes.  For applications where the majority of lighting circuits involve multiple zones, please see GP-Grafik-Panel web link above. The following statements simplify maintenance, accommodate changes in load schedule, and reduce spare parts inventory.  

2. Utilize universal 16A continuous-use UL listed dimmer.  

Retain the paragraph below if the load schedule includes 0-10V, 10-0V, DSI, DALI, or PWM.

3. [Utilize multiple load type low voltage dimming module.]

All phase control dimmers generate “edges” in the sine wave that may create lamp noise.  If lamp noise is a concern, the dimming function of the panel must meet the following specification to ensure quiet operation.    See Lamp Filtering Performance (GP Dimming Panels, LDCs)” on page 1 of the following link:

 Web Link: Lamp Filtering Performance 
4. Limit current rise time to minimum 350 µsec as measured from 10-90 percent of load current waveform and minimum 525 µsec as measured from 0-100 percent of load current waveform at 50 percent rated dimmer capacity at a 90 degree conduction angle. Current rise to be minimum 400 µsec as measured from 10-90 percent of load current waveform and minimum 600 µsec as measured from 0-100 percent of load current waveform at 100 percent rated dimmer capacity at a 90 degree conduction angle.

Having one dimmer per 16 amp branch circuit, any load fault will only affect that specific circuit.  Other circuits will remain unaffected.  The following statement ensures this.

5. Load faults only affect the given circuit.  

For applications where the majority of lighting circuits involve multiple zones specify the following light duty commercial panel. 

The following statements simplify maintenance, accommodate changes in load schedule, and reduce spare parts inventory.  Please see the following links for more information.

LP: Light duty Panel:
Web Link LP Modular Dimming Panel







CCP: Combination Panels: 
 Web Link: Custom Combination Panels








E. Lutron LP/CCP Series [Light Duty Commercial Lighting Control Panel] [Custom Combination Panel]: 

1. [Flush into wall] [Surface mounted] 

Based on the load schedule, specify one or both of the following (multiple load types or 1,000,000 cycle relay).

2. Utilize multiple load type 16A feed continuous-use UL listed dimming/switching modules.  

3. For switching only circuits, utilize 1,000,000 cycle relay.

Retain the following subparagraph if the load schedule includes 0-10V, 10-0V, DSI, DALI, or PWM.

4. [Utilize multiple load type low voltage dimming module.]

To consolidate switched circuits (non-dimmed) into dedicated panels, the following product offers a solution that minimizes space requirements and material costs.  Please see the following website for more information:

Web Link: XP Switching Panel







F. Lutron XP Softswitch Series Switching Panels [Switching Panels]:

1. [Flush into wall] [Surface mounted].

Switching high inrush loads can damage relay contacts over time.  The arcing of these relays, depending on load, will limit relay life to 10,000 to 50,000 cycles.  Relays are rated differently for inductive, capacitive, and resistive loads.  SoftSwitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles.    Please see the following website for more information:

Web Link: Softswitch Technology







2. Rated life of relay: Minimum 1,000,000 cycles.

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

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

This product is used in MRI rooms, but can be used for applications requiring zero lamp noise (i.e. recording studios).  Please see the following web link for more information.

Web Link: DCI Dimming Panel







G. Lutron DCI Series [DC Dimming Panels]:

1. Meet recommended electrical noise levels of MRI system manufacturers.

2. Lamps: Free from audible noise and flicker throughout entire dimming range.

Operating lamps on DC voltages requires special safeguards to prevent unsafe conditions under normal lamp failures.  The following statement helps protect against unsafe conditions in case of a control system failure.

3. In case of control system failure, supervisory circuit shall shut down power to load.

4. Automatically detect and compensate for lamp failures to maintain consistent DC voltage level.

To provide the installing contractor and end user an interface to change load types, circuit assignments, and these specific characteristics without the need for additional parts and components, the following panel processor should be specified.

H. Lutron Circuit Selector [Panel Processor]:

1. Provide following capabilities:

a. Operate circuits directly from panel processor for system diagnostics and provide feedback of system operation.

b. Electronically assign each circuit to any zone in lighting control system.

c. Determine normal/emergency function of panel and set emergency lighting levels.

In applications that require multiple control inputs to drive a given lighting circuit (s), the panel processor will require two input links.  To satisfy this requirement, the following specifications should be followed.

2. Where indicated on Drawings, panels to provide two control links. Each circuit to be capable of transferring control based on independent programming between architectural control system and theatrical controls utilizing the USITT DMX-512 1990 or ESTA DMX-512A protocol.

To take advantage of the fast updates of the DMX-512 required for theatrical applications, the panel processor must provide the dimmers with new intensity information at a rate of 50 times per second (20 milliseconds).

3. React to changes from control within 20 milliseconds.

To minimize downtime during system diagnostics and component replacement, the following specification details help to meet these objectives.

I. Diagnostics and Service:

1. Replacing dimmer/relay does not require re-programming of system or processor.

2. Dimmers/relays: Include diagnostic LEDs to verify proper operation and assist in system troubleshooting. 

3. Dimming/relay panels: Include tiered control scheme for dealing with component failure that minimizes loss of control for occupant.

a. If lighting control system fails, lights to remain at current level. Panel processor provides local control of lights until system is repaired.

b. If panel processor fails, lights to remain at current level. Circuit breakers can be used to turn lights off or to full light output, allowing non-dim control of lights until panel processor is repaired. 

c. If dimmer fails, factory-installed mechanical bypass jumpers to allow each dimmer to be mechanically bypassed. Mechanical bypass device to allow for switching operation of connected load with dimmer removed by means of circuit breaker.

Retain the article below if fluorescent electronic dimming ballasts will be included to meet project requirements. 

Delete article below if no fluorescent electronic dimming ballasts will be necessary to meet project requirements.

2.5 FLUORESCENT ELECTRONIC DIMMING BALLASTS

Hi-lume: – 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: T8 linear, T8 U-bend, T5-HO, and T4 compacts.  See the following link for additional information:

Web Link: Hi-Lume 120 and 277 volt 
Hi-lume 3D: –Addition to the Hi-lume family. All features of Hi-lume plus Universal Input voltage, increased dimming range and dual control option. See the following link for additional information:

Web Link: Hi-lume 3D
Compact SE: – Used for down lighting applications in all areas for general dimming.  Available for higher light output applications with high ceilings: 5 percent dimming for T4 compacts and T5 BIAX.  See the following link for additional information:

Web Link: Compact SE 120 and 277 volt
Tu-Wire: – Used in residential and small commercial retrofit applications where incandescent down lighting and non-dim T8 can be replaced with flexible energy saving fluorescent dimming: 5 percent dimming for T8 linear, T8 U-bend, and T4 compacts.  See the following link for additional information:

Tu-Wire 120 volt
ECO-10: – Used for general purpose applications such as classrooms, meeting rooms, open office, conference rooms, patient rooms, laboratories, stairwells, parking garages, and atriums and any space where daylight is present: 10 percent dimming for T8 linear, T8 U-bend, T5, T5-HO, and T5 BIAX.  See the following link for additional information:

Web Link: Eco-10, 120 and 277 volt
TVE: – Used in small commercial applications where simple control by a single control device is required.  See the following link for additional information:

Web Link: TVE, 120, 277 and 347 volt
EcoSystem: – Used in all commercial applications.  Digital addressable ballast ideal for maximizing energy savings and long-term flexibility: digital 10 percent dimming for T8 linear, T8 U-bend, T5, and T5-HO.  See the following links for additional information:

Web Link: EcoSystem 
Web Link: EcoSystem CFL
A. General

Dimming ballast must be rated for a maximum 75 degrees C (167 degrees F) case temperature.   This maximum case temperature that can exist while the ballast is operating at full load conditions.  The following statement ensures that the ballast is designed to operate at worst case environmental conditions without affecting product life.

1. Ten-year operational life while operating with a case temperature range of 10 degrees C (50 degrees F) to 75 degrees C (167 degrees F) and 90 percent non-condensing relative humidity.  
2. Designed and tested to withstand electrostatic discharges up to 15,000 V without impairment per IEC 801-2.

Long term ballast failures are due to capacitors “drying up” which is exponentially related to operating temperature.  Dimming ballasts that run cooler or are made with components with higher temperature ratings will last longer.

Electrolytic capacitors are 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.  

(A component operated at 10 degrees C above the rated temperature will have HALF the life expectancy.  A component operated at 20 degrees C above the rated temperature will have one quarter the life expectancy.

(A component operated at 10 degrees C below the rated temperature will have DOUBLE the life expectancy. A component operated at 20 degrees C below the rated temperature will have quadruple the life expectancy.

The following statement ensures a minimum 10-year operating life under worst case field conditions

3. Electrolytic capacitors to operate at least 20 degrees C below the capacitor’s maximum temperature rating when the ballast is under fully-loaded conditions and case temperature is 75 degrees C (167 degrees F).

To ensure average rated lamp life is not diminished, Programmed Rapid Start Type preheats lamp cathodes before applying full arc voltage. 

4. Programmed Rapid Start Type.

To reduce false circuit breaker tripping due to turn on inrush, the following statement ensures that electronic dimming ballast will meet NEMA inrush recommendations. 

5. Maximum inrush current of 7 amperes for 120V ballasts and 3 amperes for 277V 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. 

6. Current crest factor (CCF) less than 1.7.

ANSI C82.11 ensures proper safety, consistency, and performance (i.e. current, voltage, THD, wire colors, etc.). 

7. Meet ANSI C82.11 High frequency ballast standard.

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

8. Will not interfere with infrared devices operating at frequencies between 38 kHz and 42 kHz.

A surge protector is sold as an accessory to a computer purchase to protect it from lighting strikes or other voltage surges.  Likewise, dimmer circuits require surge protection.  Surge protection can be built into a ballast or it can be purchased separately as an external accessory.  The following statement ensures that the surge protection is built into the ballasts.

Hi-lume, EcoSystem, and Compact SE series ballasts are rated for 6,000 volt surge.  All others are rated at 4,000 volts.

9. Withstand up to a [4,000] [6,000] volt surge without impairment of performance as defined by ANSI C62.41 Category A.

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.  

10. Manufactured in a facility that employ ESD reduction practices in compliance with ANSI/ESD S20.20.

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

11. 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 to variations in voltage to provide constant light output.

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

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 to variations in voltage to provide constant light output.

Hi-lume and Compact SE series ballasts are rated for less than10 percent THD.  All others are rated for less than 20 percent.  

13. Total Harmonic Distortion less than [10 percent] [20 percent] and meet ANSI C82.11 maximum allowable THD requirements

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.

14. 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 ballast track together with even illumination.  

15. Ballasts to track evenly across:

a. Multiple lamp lengths. 

b. All light levels.

B. 3-Wire Control

For Hi-lume select 1 percent dimming.  

For Hi-lume 3D select 1 percent or better dimming. 

For Compact SE and EcoSystem CFL select 5 percent dimming.

For ECO-10 and EcoSystem select 10 percent dimming.  

1. Continuous dimming from 100 percent to [10 percent: Lutron EcoSystem] [5 percent: Lutron EcoSystem CFL] [10 percent: Lutron Eco-10] [5 percent: Lutron Compact SE] [1 percent: Lutron Hi-lume] [0.7 percent: Lutron Hi-lume 3D at 1.17BF] [0.85 percent: Lutron Hi-lume 3D at 1.0 BF] relative light output.

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. 

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

A 2-Wire control application provides continuous dimming for retrofit applications where step dimming or non-dim fluorescents cause disturbances and distractions to the occupants.  Use Lutron Tu-wire for 2-wire control ballast applications.  

C. 2-Wire Control

1. Product: Lutron Tu-wire

2. Continuous dimming from 100 percent to 5 percent relative light output.

D. 0-10V Control

1. Product: Lutron TVE

2. Continuous dimming from 100 percent to 10 percent relative light output.

E. Digital Control

1. Product: [Lutron EcoSystem] [and] [Lutron EcoSystem CFL] [and] [Lutron Hi-lume 3D]

2. Continuous dimming from 100 percent to [10 percent: Lutron EcoSystem] [5 percent: Lutron EcoSystem CFL] [0.7 percent: Lutron Hi-lume 3D at 1.17BF] [0.85 percent: Lutron Hi-lume 3D at 1.0 BF] relative light output.

3. Monitor and report lamp and ballast status.

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

EcoSystem ballasts are field programmable to listen to up to 32 occupant sensor, 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.

5. 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. 2 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.  

6. 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.

7. Averages 2 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.

8. Responds to digital load shed command. 

a. Automatically scales light output proportional to load shed command. 

1) 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 3 percent to 27 percent.

9. EcoSystem Ballasts

a. Connect without interface to:

1) Occupant sensor (motion detector).

2) Daylight sensor.

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

b. Provide a 20VDC source to power connected sensors.

EcoSystem ballasts operate as distributed input points for sensors.  Connecting sensors to any EcoSystem ballast enables all 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.

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

F. Digital Control:  Lutron ecosystem H-series
1. Continuous dimming from 100 percent to [0.7 percent relative light output, at 1.17BF] [0.85 percent relative light output, at 1.0 BF] for T8 U-bend and linear fluorescent lamps. 1.0 percent relative light output, at 1.0 BF for T5 and T5-HO lamps.  

2. Monitor and report lamp and ballast status.

3. Lights automatically return to the setting prior to power interruption.
4. Each ballast responds independently to:
a. Up to 32 occupant sensors.
b. Up to 64 personal control inputs.
c. Up to 2 daylight sensors

5. Unique internal reference number visibly displayed on ballast cover.
6. Averages 2 independent daylight harvesting inputs internally.
7. Responds to digital load shed command. 
a. Sets high end trim.  
b. Automatically scales light output proportional to load shed command. 

1) 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 3 percent to 27 percent.
8. Generate digital communication commands to distribute ballast data on the digital bus.
Retain the article below if power interfaces will be included to meet project requirements.  Edit paragraphs below based on which power interface types are necessary to suit project requirements.

Delete article below if no power interfaces will be necessary to meet project requirements.

2.6 POWER INTERFACES

PHPM-PA-xxx-WH – Power module that takes phase control input and provides provide full circuit of forward/reverse phase control (16 amps in US) 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.  See the following link for additional information:

Web Link: Phase-Adaptive Power Module





PHPM-3F-xxx-WH – Power interface that takes phase control input and provides full circuit of control (16 amps in US) output to hi-lume/eco-10 Lutron dimming ballast.  The output can be 120V or 277V.  See the following link for additional information:

Web Link: 3-Wire Fluorescent Power Module





PHPM-SW-DV-WH – Power module that takes phase control input and provides provide full circuit switching (16 amps in US) output.  The output can be 120V or 277V.  This is used for non-dim loads.  See the following link for additional information:

Web Link: Switching Power Module




PHPM-WBX-xxx-WH – Power interface that takes fluorescent ballast control input and provides full circuit of control (16 amps in US) output to incandescent, electronic low-voltage, magnetic low-voltage, neon, Lutron Tu-Wire, or Advance Mark X lighting sources.  Works with 120V control input and 120V load (PHPM-WBX-120-WH) or 120V control input and 120-277V load (PHPM-WBX-DV-WH).  See the following link for additional information:

Web Link: WBX Power Module

NGRX-PB – Power booster that takes phase control input and provides provide full circuit of forward phase control (16 amps in US) output.  This is used for incandescent, magnetic low voltage (MLV), neon/cold cathode, and non-dim applications.  See the following link for additional information:

Web Link: NGRX-PB Power Booster






GRX-FDBI – Power interface that takes phase control input and provides full circuit of control (16 amps in US) output to hi-lume/eco-10 Lutron dimming ballast.  See the following link for additional information:

Web Link: FDBI Fluorescent Dimming Ballast Interface






ELVI-1000 - Power interface that takes phase control input and provides full circuit of control (8 amps in US) output to electronic low voltage (ELV) transformers.  See the following link for additional information:

Web Link: GRX-ELVI Electronic Low Voltage Interface






GRX-TVI – Power interface that takes phase control input and provides full circuit of switching and 0 to 10 low voltage output (16 amps in US) for electronic fluorescent ballasts.  See the following link for additional information:

Web Link: GRX-TVI Ten Volt Interface






High Power models HP-2, HP-4, HP-6 – Power booster that takes phase control input and provides provide full circuit of forward phase control (16 amps in US) output.  The phase control input is 120V and the output can be either 120V or 277V.  This is used incandescent, magnetic low voltage (MLV), neon/cold cathode, Hi-lume/eco-10, non-dim applications.  See the following link for additional information:

Web Link: Hi-Power Dimming Module






A. Product: [PHPM-PA-DV], [PHPM-PA-120], [PHPM-3F-DV], [PHPM-3F-120], [PHPM-SW-DV], [PHPM-WBX-DV], [PHPM-WBX-DV], [NGRX-PB.] [GRX-FDBI.] [ELVI-1000.] [GRX-TVI.] [HP-2.], [HP-4.], [HP-6.]

B. Electrical:

This will simplify field wiring for the installation contractor and prevent the failure of the interface due to phase to phase over voltage.  

1. Phase independent of control input.

2. Dimmer to meet limited short circuit test as defined in UL 508.

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 a 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.

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

Localized multi-zone control (LEDs & raise/lower buttons) used in applications where localized adjustability in the lighting or shade level is desired.  See the following link for additional information:

Web Link: GRAFIK Eye QS




Retain article below if power modules are desired to meet project requirements.  Delete article if no power modules will be necessary to meet project requirements.

2.7 POWER MODULES [GRAFIK Eye QS]

A. 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 a 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

a. Provide access to:  

1) Scene selections.

2) Fade zone to a level.

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

4) Lock out scenes and zones.

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

6) Terminal block for wired infrared signal input.

7) 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.

Retain subparagraph below if direct control of digital ballasts through a power module is necessary to meet project requirements.  Delete subparagraph if direct control of digital ballasts through a power module is not necessary to meet project requirements.

9. [Direct low-voltage control of digital ballasts (120V, 220/240V, and/or 277V lighting):

a. Electronically link a digital fluorescent lighting ballast to a zone for both dimming and turn 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 (no-interface) control.]

If motorized shades are specified by the architect, coordinate shading controls with the general contractor.  See section 122000.

B. Preset shade control with zone override:

1. Preset expandable shade control: Provide up to 3 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.

Retain article below if EcoSystem Dimming Ballast or Switching Modules are desired to meet project requirements.  Delete article if no EcoSystem Dimming Ballasts or Switching Modules will be necessary to meet project requirements.

Retain article below if Lighting Control Modules are required to meet project requirements.  

Delete article if Lighting Control Modules are not necessary to meet project requirements.

2.8 [energi savr node] Lighting Control Module 

A. [Softswitch[ Switching Lighting Control Module: 

1. Product: QSN-4S16-S

2. Mechanical:

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

a. Listed to UL 508 (United States) as industrial control equipment. CSA (Canada) certified, or NOM (Mexico) approved as applicable.

To acquire UL or CSA listing on field assembled panels, a UL/CSA 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/CSA 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.  

Edit paragraph below retaining only those standards necessary to meet project requirements.

b. Delivered and installed as a [UL] [CSA] 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.  The following statement ensures 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.  

c. Panels passively cooled via free-convection, unaided by fans or other means. 

3. Surface mounted

4. Switching:

Switching high inrush loads can damage relay contacts over time.  The arcing of these relays, depending on load, will limit relay life to 10,000 to 50,000 cycles.  Relays are rated differently for inductive, capacitive, and resistive loads.  SoftSwitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles.    Please see the following website for more information:

Web Link: Softswitch Technology







a. Rated life of relay: Minimum 1,000,000 cycles.

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 4 individually controlled zones, each with a capacity of up to 16 amps, of high in-rush lighting load (magnetic fluorescent ballast, electronic fluorescent ballast, incandescent, magnetic low-voltage, electronic low-voltage, neon/cold cathode and motor loads).
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 a 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.

5. Connection without interface to wired:

a. Occupancy sensors

b. Daylight sensors

c. IR receivers for personal control

Lutron offers a variety of wireless sensors and controls, including Radio Powr Savr occupancy and vacancy sensors and  Pico( wireless controller, to help simplify installation and reduce labor.  

6. Capable of being controlled via wireless sensors and controls

7. Connects to Lighting Management Panel via RS485.

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

9. Contact Closure Input

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

1) Activate scenes

a) Scene activation from momentary or maintained closure

2) Enable or disable afterhours

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 pressing a button on a control station

3) Activate or deactivate demand response (load shed)

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

10. 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. 

Retain the following paragraph if 0-10V dimming is necessary to meet project requirements.  

Delete the following paragraph is 0-10V dimming is not necessary to meet project requirements.

B. 0-10V Lighting Control Module:

1. Product: QSN-4T16-S

2. Meet the following requirements:

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.

a. 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).  

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

1) 0-10V analog voltage signal.  

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

b) Sink current per IEC 60929. 

2) 10V – 0V analog voltage signal

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

b) Sink current per IEC 60929. 

3. Mechanical:

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

a. Listed to UL 508 (United States) as industrial control equipment. CSA (Canada) certified, or NOM (Mexico) approved as applicable.

To acquire UL or CSA listing on field assembled panels, a UL/CSA 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/CSA 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.  

Edit paragraph below retaining only those standards necessary to meet project requirements.

b. Delivered and installed as a [UL] [CSA] 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.  The following statement ensures 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.  

c. Panels passively cooled via free-convection, unaided by fans or other means. 

4. Surface mounted

5. Switching:

Switching high inrush loads can damage relay contacts over time.  The arcing of these relays, depending on load, will limit relay life to 10,000 to 50,000 cycles.  Relays are rated differently for inductive, capacitive, and resistive loads.  SoftSwitch circuitry prevents arcing at the relay contacts for all three load types, and extends the relay life in excess of one million cycles.    Please see the following website for more information:

Web Link: Softswitch Technology







a. Rated life of relay: Minimum 1,000,000 cycles.

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 4 individually controlled zones, each with a capacity of 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).
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 a 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.

6. Connection without interface to wired:

a. Occupancy sensors

b. Daylight sensors

c. IR receivers for personal control

Lutron offers a variety of wireless sensors and controls, including Radio Powr Savr occupancy and vacancy sensors and  Pico( wireless controller, to help simplify installation and reduce labor.  

7. Capable of being controlled via wireless sensors and controls

8. Connects to Lighting Management Panel via RS485.

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

10. Contact Closure Input

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

1) Activate scenes

a) Scene activation from momentary or maintained closure

2) Enable or disable afterhours

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

11. 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. 

C.  [EcoSystem] Digital Fixture Lighting Control Module

1. Product: [QSN-1ECO-S], [QSN-2ECO-S]

2. Mechanical:

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

a. Listed to UL 508 (United States) as industrial control equipment. CSA (Canada) certified, or NOM (Mexico) approved as applicable.

To acquire UL or CSA listing on field assembled panels, a UL/CSA 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/CSA 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.  

Edit paragraph below retaining only those standards necessary to meet project requirements.

b. Delivered and installed as a [UL] [CSA] 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.  The following statement ensures 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.  

c. Panels passively cooled via free-convection, unaided by fans or other means. 

3. Provide smart diagnostics for system verification.

4. Provide testing capability using manual override buttons.

5. Support [one][two] low-voltage digital communication links of up to 64 ballasts per link capable of NEC Class 1 or Class 2 installation

6. Connect without interface to wired:

a. Occupancy sensors

b. Daylight sensors

c. IR receivers for personal control

Lutron offers a variety of wireless sensors and controls, including Radio Powr Savr occupancy and vacancy sensors and  Pico( wireless controller, to help simplify installation and reduce labor.  

7. Capable of being controlled via wireless sensors and controls

8. Connects to Lighting Management Panel via RS485.

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

10. Contact Closure Input

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

1) Activate scenes

a) Scene activation from momentary or maintained closure

2) Enable or disable afterhours

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

11. 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. Disable control operation until emergency signal is cleared. 

D. [EcoSystem] Total Light Management Control Module

1. Product: [QSN-2ECO-PS120]

2. Mechanical:

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

a. Listed to UL 508 (United States) as industrial control equipment. CSA (Canada) certified, or NOM (Mexico) approved as applicable.

To acquire UL or CSA listing on field assembled panels, a UL/CSA 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/CSA 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.  

Edit paragraph below retaining only those standards necessary to meet project requirements.

b. Delivered and installed as a [UL] [CSA] 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.  The following statement ensures 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.  

c. Panels passively cooled via free-convection, unaided by fans or other means. 

3. Ten fused 30W (60W peak) 24VDC outputs provide power to [QS] shades, drapery drive units, keypads, and accessories.

4. Provide power for 10 to 30 shades dependent on shade dimensions.

5. Provide smart diagnostics for system verification.

6. Provide testing capability using manual override buttons 

7. Support two low-voltage digital communication links of up to 64 ballasts per link capable of NEC Class 1 or Class 2 installation

8. Connect without interface to wired:

a. Occupancy sensors

b. Daylight sensors

c. IR receivers for personal control

9. Connects to Lighting Management Panel via RS485.

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

11. Contact Closure Input

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

1) Activate scenes

a) Scene activation from momentary or maintained closure

2) Enable or disable afterhours

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

12. 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. Disable control operation until emergency signal is cleared. 
2.9 Quantum energy meter

A. Product: [LUT-SUBMGL-]

B. General

1. Energy meters shall provide accurate, real-time energy metering and verification capability through front-end PC-based software.
2. Meters shall be factory calibrated and not require preventative/scheduled maintenance or cleaning/decontamination procedures.
3. Meters shall accept up to 3 sets of current sensors to monitor up to 3 loads of the same voltage with one meter.
4. Meter shall contain a direct-read 8-digit LCD display of cumulative kWh.
5. Current sensors shall be split-core
6. Current sensors shall be able to be placed up to 500 ft (152 m) from the meter without power interruption.
7. Meters shall connect to server via ethernet.
8. Meters shall be UL Listed to US and Canadian Safety Standards.
9. Meters are certified to ANSI C12.20 Accuracy standards (± 0.5%) 
10. Meters must have a NEMA 12 housing
11. Meter data shall be aggregated in PC-based software for analysis
2.10 ECOSYSTEM DIMMING BALLAST AND SWITCHING MODULES

A. Product: [C5-BMF-2A], [C5-BMJ-16A], [C5-XPJ-16A]
B. General

1. Continuous 3-Wire signal dimming to Lutron 3-Wire electronic dimming ballast. 
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 a 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. Occupant sensor (motion detector).

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 all 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 returned, 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.

6. 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. 2 daylight sensors.

Digital addressable systems require reprogramming when ballasts or 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 visibly displayed on module cover.

Digital and analog ballast based systems will require a processor or external control to manage inputs from multiple sensors adding cost and complication to a project.

8. Averages 2 independent daylight harvesting inputs internally.

Conventional load shedding systems require a central processing system to implement the control strategy.  They can also 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.

EcoSystem decentralizes the processing capabilities to each ballast or ballast module eliminating the need for a central processing system, complex programming and commissioning and associated costs.

9. Responds to digital load shed command

a. Sets high end trim.  

b. Automatically scales light output proportional to load shed command. 

1) 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 3 percent to 27 percent.

10. Electrical: Dimmer to meet limited short circuit test as defined in UL 20.

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 

11. Provide integral fault protection to prevent ballast module failure in the event of a mis-wire.

2-Amp Dimming Ballast Module (BMF): – Ballast module is used to integrate up to 2 amps of Lutron 3-wire electronic dimming ballast into an EcoSystem control system as a single zone.  BMF designed for installation within a lighting fixture or other electrical enclosure.  

Web Link: BMF Module
Retain paragraph below if BMF Ballast Module is desired to meet project requirements.

C. [2 Amp (BMF) 3-Wire Ballast Module

1. Ballast module to integrate up to 2 amps of Lutron 3-wire electronic dimming ballast into an EcoSystem control system as a single zone.]  

16-Amp Dimming Ballast Module (BMJ): – Ballast module is used to integrate up to 16 amps of Lutron 3-wire electronic dimming ballast into an EcoSystem control system as a single zone.  BMJ designed for installation to a 4” x 4” junction box

Web Link: BMJ Module
Retain paragraph below if BMJ Ballast Module is desired to meet project requirements.

D. [16 Amp (BMJ) 3-Wire Ballast Module

1. Ballast module to integrate up to 16 amps of Lutron 3-wire electronic dimming ballast into an EcoSystem control system as a single zone.
2. Module to integrate up to 16 amps of switched high intensity discharge lighting load (HID) into an EcoSystem control system as a single zone.]

16-Amp Switching Module (XPJ): – Switching power module is used to integrate up to 16 amps of high in-rush lighting load into an EcoSystem control system as a single zone.  XPJ designed for installation to a 4” x 4” junction box

Web Link: XPJ Module
Retain paragraph below if XPJ Switching Module is desired to meet project requirements.

E. [16 Amp (XPJ) Switching Ballast Module

1. Module to integrate 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 an EcoSystem control system as a single zone.]

The Lighting Management Panel is required for system operation.  The lighting hub is responsible for time scheduling, wall station configuration, power panel operation, and interprocessor communications.  The lighting hub is designed for a full 10 year life expectancy at continuous duty while operating at worst case conditions (0 degrees to 40 degrees C).  This processor does not require a computer for normal operation.  Systems that require a computer for time scheduling or database management are not reliable and could result in the lights turning off if a computer is turned of or crashes/fails.

2.11 LIGHTING MANAGEMENT Hub
A. Provide Lighting Management Hub in a pre-assembled NEMA listed enclosure with terminal blocks listed for field wiring.

B. Enables [Q-Admin] Light Management software to control and monitor EcoSystem dimming ballast, EcoSystem modules, Power Panels, GRAFIK Eye QS, and Sivoia QS window treatments.

1. Lighting Management Hub utilizes Ethernet connectivity to Q-Manager server utilizing one of the following methods:
a. Dedicated network

b. Dedicated VLAN

c. Shared network with Building Management System (BMS)

d. Corporate network where managed switches are configured to allow multicasting and use of IGMP

C. Integrates control station devices, power panels, shades, preset lighting controls, and external inputs into a single customizable lighting control system with:

1. Multiple failsafe mechanisms

a. Power failure detection via LUT-ELI

b. Miswire protection  - lights go to full on if EcoSystem ballast wires are shorted 

c. Distributed architecture provides fault containment.  Single hub failure or loss of power does not compromise lights and shades connected to other Light Management Hubs.

2. Manual overrides

3. Automatic control

4. Central computer control and monitoring 
5. Integration with BMS via BACnet

D. Astronomical time clock.

E. Solar clock to track the position of the sun to control the shades to limit penetration of direct sunlight.

F. Maintains a backup of the programming in a non-volatile memory capable of lasting more than ten years without power.

Include this section if you want to control and monitor the Quantum system’s Lights through a building management systems (BMS).

Retain paragraph below if BACnet Integration for lights is desired to meet project requirements.

G. [BACnet Integration License
1. Provide ability to communicate by means of BACnet IP communication to Lutron Quantum system from a user-supplied 10BASE-T or 100BASE-T Ethernet network.
2. Supplier to be BACnet Test Laboratory (BTL) Certified 
3. Each Lighting Management Panel processor requires license for BACnet integration.
4. Basic BACnet integration license   

a. The BACnet integrator can command:

1) Area light output

2) Area enable or disable afterhours mode

3) Area load shed level

4) Area load shed enable/disable

5) Area shade group presets

b. The BACnet integrator can monitor:

1) Area on/off status


2) Area occupancy status

3) Area fault

4) Area load shed status

5) Area instantaneous energy usage
6) Area shade group presets
5. Shade assignment and grouping will be discoverable with 3rd party building management software]

Include this section if you want to control and monitor the Quantum system’s Shades through a building management systems (BMS).

Retain paragraph below if BACnet Integration for shades is desired to meet project requirements.

2.12 Light Management System Computer [Q-Manager]

Specify either a PC/Laptop or Server for the lighting management system computer.  

Delete paragraphs A & B if no permanent computer is left to interact with the system.

A. [PC/Laptop 

1. Used for occasional programming, monitoring, and control of digital network lighting controls.

2. Computer to be provided by the lighting control system manufacturer [or others]
3. Computer software preinstalled and tested prior to shipping.]

B. [Server 

1. Used for 24 hour per day, 7 day per week programming, monitoring, control, and data logging of digital network lighting controls.

2. Used to handle client machine request in multi-computer systems.

3. Computer to be provided by the lighting control system manufacturer [or others]
4. Computer software preinstalled and tested prior to shipping.]  

If you choose paragraph C, delete section 2.9 Lighting Management System Software.

C. [No Computer

1. Lighting Control System Manufacturer Field Service Representative will perform system start-up without on-site computer.]

2.13 Lighting Management System Software
The following statement ensures a single point of contact for system operation.  Some interaction between hardware and software requires a high level of integration and compatibility.  

A. Provide system software license and hardware that is designed, tested, manufactured, and warranted by a single manufacturer.

The following would require training or service call to the manufacturer.

B. Configuration Setup – Q-Design
1. Used to make system programming and configuration changes

2. Windows based, capable of running on either central server or a remote client over TCP/IP connection

3. Allow [manufacturer][user] to:

a. Capture system design. 

1) Geographical Layout 

2) Load Schedule Zoning 

3) Shade Grouping

4) Equipment Schedule

5) Equipment assignment to lighting management panels

6) Daylighting design

b. Define the configuration for the following in each area:

1) Lighting Scenes 

2) Shade Group Presets

3) Control Station Devices 

4) Interface and Integration Equipment

5) Occupancy/After Hours 

6) Partitioning

7) Daylighting

8) Emergency Lighting

9) Nitelights

c. Start-up

1) Addressing

2) Daylighting

C. Control and Monitor – Q-Admin
1. Basic System View

a. The Q-Admin system navigation and status reporting is performed using a tree view of the building.

2. Optional Graphical Floorplan View

a. The Q-Admin system navigation and status reporting is performed using customized CAD based drawings of your building.  Pan and Zoom feature allows for easy navigation.  Basic system view is always available.  Contact Lutron for custom pricing.

3. Control of Lights & Shades

a. Area lights can be monitored for on/off status.

b. All lights in an area can be turned on/off or sent to a specific level.  

c. For areas that have been zoned, these areas may be sent to a predefined lighting scene, and individual zones may be controlled.  

d. Area lighting scenes can be modified in real-time, changing the levels zones go to when a scene is activated.

e. High and Low end of area lighting can be tuned/trimmed

f. Area shades can be monitored for current preset or position.

g. Area shades can be opened/closed, sent to a preset, or sent to a specific position.  

4. Occupancy

a. Area occupancy can be monitored.

b. Area occupancy can be disabled to override occupancy control or in case of occupancy sensor problems.

c. Area occupancy settings including level lights turn on to when area is occupied, and level lights turn off to when area is unoccupied can be changed in real-time.
5. Daylighting

a. Daylighting can be enabled/disabled.  This can be used to override the control currently taking place in the space.

b. Daylight target levels can be changed for each daylit area.  This is particularly useful when new departments move into a space.

6. Load Shedding

a. Load shedding allows the building manager to monitor whole building lighting power usage and apply a load shed reduction to selected areas, thereby reducing a building’s power usage.

7. Scheduling

a. Schedule time of day and astronomic timeclock events to automate functions for lights and shades.
8. Reporting allows the building manager to gather real-time and historical information about the system as follows:

a. Energy Reports - Show a comparison of cumulative energy used over a period of time for one or more areas 
b. Power Reports - Show power usage trend over a period of time for one or more areas.

c. Activity Report – Shows what activity has taken place over a period of time for one or more areas. Activity includes occupant activities (i.e. areas going occupied/unoccupied, wall controls being pressed), building manager operation (controlling/changing areas using the control & monitor tool), and device failures (keypads, ballasts, etc. not responding).  

d. Lamp Failure Report – Shows which areas are currently reporting lamp failures.
e. Metered Energy Reports - Show a comparison of cumulative energy used over a period of time for one or more meter groups
f. Metered Power Reports - Show power usage trend over a period of time for one or more meter groups.

9. Diagnostics

a. Diagnostics allows the building manager to check on the status of all equipment in the lighting control system.  Devices will be listed with a reporting status of OK, missing, or unknown. 

10. Administration 

a. Users – Allows new user accounts to be created and existing user accounts to be edited.

b. Publish Graphical Floorplan – Allows admin user to publish new graphical floorplan files, allowing users to monitor the status of lights, occupancy of areas, and daylighting status.

c. Back-up Project Database – Allows admin user to backup the project database.  The project database holds all the configuration information for the system, including keypad programming, area scenes, daylighting, occupancy programming, emergency levels, night lights, and timeclock.  The Control and Monitor tool can be used to adjust some of these settings, and thus it is important to back-up the project database prior to changing settings in the Design and Setup tool.  

11. Publish Project Database – Allows the admin user to send a new project database to the server and download the new configuration to the system.  The project database holds all the configuration information for the system, including keypad programming, area scenes, daylighting, occupancy programming, emergency levels, night lights, and timeclock.  
Quantum Green Glance is software displayed on an LCD or plasma screen that provides a real-time display of electricity used for lighting, and the power savings that Quantum delivers. Green Glance can demonstrate energy savings over months, weeks or days, as well as in terms of pounds of CO2 emissions or number of trees saved.  See the following link for further information:

Web Link: Green Glance
Retain paragraph below if Green Glance Software is desired to meet project requirements.

D. [GreenGlance - Energy Savings display software 
1. Provide software from a single manufacturer that can collect and display energy savings from all of the components in the lighting control system.]
2. [Power and energy information shall be provided by meters in the system] 

3. Display current savings in % and kW, 

4. Display historic energy usage in kWh saved, money saved, coal not burned, and Carbon Dioxide not emitted 
5. Display historical views in the following time periods: 3 hour, 1 day, 1 week, 1 month, and 1 year.
6. Provides ability to compare historical periods (days, weeks, months, years)

7. Display provides local weather conditions]
E. [Energy Savings display software via Webservices

1. Provide software from a single manufacturer that can collect and display energy savings from all of the lighting components in the lighting control system.]

2. Display current savings in % and kW, 

3. Display historic energy usage in kWh saved, money saved, coal not burned, and Carbon Dioxide not emitted 

4. Display historical views in the following time periods: 3 hour, 1 day, 1 week, 1 month, and 1 year.
5. Provides ability to compare historical periods (days, weeks, months, years)

6. Display provides local weather conditions]
F.  [Personna PC - Personal Web Based Control

1. The user may use a web browser on their personal PC, laptop, or some mobile device (supporting 1024 x 768 resolution) to control one or more lights and shades in their area.

a. The user may select between full on, off, or a favorite light level

b. The user may raise/lower the currently selected lighting level in the area.

c. The user may select open, closed, or a favorite shade position 

d. The user may raise/lower a selected shade group in the area.

2. Personna PC supports up to 10,000 users 

3. Each user has a login name and password sent from administrator via email when user account created

4. Supports the following browsers: Microsoft Internet Explorer Version 7, Microsoft Internet Explorer Version 8, Microsoft Internet Explorer Version 9, Mozilla Fire Fox Version 3.6.12, Apple Safari Version 4.0, Apple Safari Version 4.5, Google Chrome Version 8.0]
This section is intended to specify Hyperion Solar Adaptive Shade Control accessed through optional shade monitor and control license.  BMS integration of shades via BACnet is specified in this specification under Section 2.9H.

Retain paragraph below if Hyperion solar Adaptive Shade Control is desired to meet project requirements.

G. [Hyperion – Automated Shade Control Software 

1. Primary Goals of the shade control system are:

a. Uses open loop solar adaptive algorithm to minimize the penetration depth of direct sunlight

b. Optimize daylight

c. Provide manual override capability for occupants via wall mounted keypad or simple remote control

d. Provide automatic override capability on dark cloudy days

e. Maximize occupants connectivity with outdoors by optimizing view

f. Provide diffuse daylight and minimize direct sunlight in the space to reduce solar heat gain and maximize occupants’ comfort in the space

g. Reduce glare

h. Shades along same façade will, start, stop and track in unison to maintain a consistent exterior aesthetic

i. Provide a preset, also referred to as visor position, to limit maximum amount of light entering a space 

2. Hardware

a. Independent operation of solar tracking program through non-windows based operating system provided in one or more Quantum light management panels.

3. Control Software

a. Control software shall incorporate a solar tracking software that:

1) Calculates the sun’s position in the sky relative to the building and then calculates when shade movement is necessary by façade.

2) Calculates the position of the shade to limit direct sunlight penetration to a predetermined limit

b. Control software shall be controlled using the following inputs for start up:

1) Building location

2) Façade orientation

3) Window Dimensions

4) Solar depth of penetration

5) Number of shade movements per day

6) Visor position of shades

c. Control software shall require minimal long term maintenance and service.  System will not require user to make daily changes to programming or overall system functionality, unless desired by the owner

4. User Interface

a. PC Graphic User Interface

1) User Interface will provide access to all adjustable parameters of solar depth of penetration and number of shade movements per day

5. Override

a. Manual

1) Temporary override of the control program shall be capable through optional manual keypads.  

2) Keypads shall be capable of providing manual control of shades in a particular area.]

b. Automatic

1) Cloudy day sensors provide automatic override of system on dark days

2) During dark cloudy conditions, shades will go to predetermined visor position to maximize view and available daylight
Retain article below if low voltage wall station controls are desired to meet project requirements.  Delete article if no low voltage wall station controls will be necessary to meet project requirements.

2.14 Control STATIONS

Edit the following to indicate type of wall stations desired.  Please see the “Wall Station” section in the following link for detailed product information and specification submittal sheets:

Web Link: GRAFIK Eye QS



QS seeTouch – Backlit, large rounded buttons that can be engraved and are easy to use.  

A. Wired QS Control Stations

1. Allows controls of any devices part of the Lutron System. 

2. Product: [seeTouch.] [Preset Lighting Controls with Zone Override.]

3. Electronics:

The following statement provides for reliable wired communication. 

a. Use RS485 wiring for low voltage communication.

4. Functionality:

Time delays inherent in large systems can cause short delays between button press and system confirmation.  To avoid any confusion and preventing 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 the LEDs turn off if the button press was not processed.  

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

c. Allow for easy reprogramming without replacing unit.

Unit will automatically reprogram without direct human interaction upon replacement.

5. Color:

Edit the following to indicate desired color to suit project requirements.  For non-NEMA colors, color match coordination will be provided on request.  Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE


a. [Match NEMA WD1, Section 2.] [Custom color to be selected.]

b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units.

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

6. Provide faceplates with concealed mounting hardware.

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

Edit subparagraph below to choose language for engraving.

7. Engrave control stations in [English] [__________] with appropriate button, zone, and scene engraving descriptions. 

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

8. Silk-screened borders, logos, and graduations to use graphic process that chemically bonds graphics to faceplate, resistant to removal by scratching and cleaning.

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

9. 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 toggle actions

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

10. Control station device LEDs to support logic that defines when it is illuminated:

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

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

c. Pathway (logic is true when at least one zone is on).
Edit paragraph below to indicate type of wall stations desired.  Please see the “Wall Station” section in the following link for detailed product information and specification submittal sheets:

One Button Control – Large toggle switch with raise/lower control of one group of EcoSystem fixtures.  Single LED for night light and secondary color to indicate programming mode.  

Web Link: One Button Control
Four Scene Control – 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.

Web Link: Four Scene Control
B. Wired IR Control Stations
1. Product:  [EcoSystem 4B – Lutron Model CC-4BRL-WH.][Pico Wired IR Controls] 

2. General:

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. Class 2 (low voltage).

b. Wall stations can be replaced without reprogramming.

3. Color: 

a. Match NEMA WD1, Section 2 White.

Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE
b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units.

Daylight or fluorescent lighting generate ultraviolet light which can cause parts that do not meet ASTM D4674-89 to discolor / yellow over time. 

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

4. Provide faceplates with concealed mounting hardware.

5. Software Configuration:

a. Customizable control station device button functionality:

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

C. Wireless RF Control Stations

1. Product:  [Pico Wireless Controls] 

2. Electronics:

a. Communicate via radio frequency to dimmers, switches, and plug-in modules.

b. Utilize Lutron Clear Connect Technology to ensure reliable RF communications

c. No external power packs, power wiring, or communication wiring are required

3. Power:

a. Provide battery operated control with minimum 5-year battery life.

4. Mounting:

a. Controller shall be capable of being mounted with a car visor clip, table stand or directly to a wall under a Claro screwless faceplate.

b. Provide faceplates with concealed mounting hardware.

5. Color:

a. Match NEMA WD1, Section 2 White.

Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE
b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units.

Daylight or fluorescent lighting generate ultraviolet light which can cause parts that do not meet ASTM D4674-89 to discolor / yellow over time. 

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

6. Provide faceplates with concealed mounting hardware.

7. Software Configuration:

a. Customizable control station device button functionality:

1) Provide wireless remote control capable of controlling up to 9 dimmers, switches, or lamp dimmers

2) Buttons can be programmed to perform single defined action.

3) Buttons can be programmed to perform toggle actions

4) Buttons can be programmed to perform defined action on press and defined action on release.
8. Provide RF range of 18 meters (60 feet) line of sight or 9 meters (30 feet) through typical construction materials.

9. RF frequency of [434 MHz]
D. Wired QS Keyswitch

1. Allows controls of any devices part of the Lutron System. 

2. Product: [QS Keyswitch.] 

a. 3 Position, momentary, center position key removal [QSWS2-KSI-3MOC]

b. 3 Position, maintained, center position key removal [QSWS2-KSI-3MAC]

c. 2 Position, maintained center position key removal  [QSWS2-KSI-2MAC]

d. 2 Position, maintained any position key removal  [QSWS2-KSI-2MAA]

3. Electronics:

The following statement provides for reliable wired communication. 

a. Use RS485 wiring for low voltage communication.

4. Functionality:

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

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.  

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

a. Allow for easy reprogramming without replacing unit.

b. Requires key insertion to activate actions

Unit will automatically reprogram without direct human interaction upon replacement.

5. Color:

Edit the following to indicate desired color to suit project requirements.  For non-NEMA colors, color match coordination will be provided on request.  Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE


a. [Match NEMA WD1, Section 2.] [Custom color to be selected.]

b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units.

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

6. Provide faceplates with concealed mounting hardware.

7. Engrave control stations in [English] [__________] with appropriate descriptions. 

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

Edit subparagraph below to choose language for engraving.

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

8. Silk-screened borders, logos, and graduations to use graphic process that chemically bonds graphics to faceplate, resistant to removal by scratching and cleaning.

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

9. Software Configuration:

a. Customizable control station device button functionality:

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

10. Keys

a. Standard universal key for all keyswitch stations.  
b. Custom keys available

This enables the lighting control system to receive or send a control signal to or from another system (Partitioning, Occupancy, A/V, BMS, shades).   For detailed product information please see the following link:

Web Link: GRAFIK Eye QS

 HYPERLINK "https://www.lutron.com/exspectations/library/Contact-Closure-Interfaces/" 


Retain article below if control over the system through external inputs such as contact closure, Ethernet, RS232, building management systems (BMS), etc.is desired to meet project requirements.  Edit paragraphs below to include only those control interfaces necessary to meet project requirements.

Delete article if no control interfaces are necessary to meet project requirements.

2.15 LOW VOLTAGE CONTROL INTERFACES

A. Contact Closure Interface; [Lutron Model QSE-IO]:

1. The contact closure input device will accept both momentary and maintained contact closures.

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

B. Contact Closure Input Interface; [Lutron QS seeTouch keypads Model QSWS2]:

1. The contact closure input device will accept both momentary and maintained contact closures.
C. RS232 and Ethernet Interface; [Lutron Model QSE-CI-NWK-E]

1. Provide ability to communicate via ethernet or RS232 to audiovisual equipment, touchscreens, etc.

2. Provide control of:  

a. Lights scene selections.

b. Shade Group Presets.

c. Fine-tuning of shade preset or light scenes levels with raise/lower.

d. Simulate system wall station button presses and releases.

3. Provide status monitoring of:

a. Light scene-status.

b. Shade Group status.

c. Wall station button presses and releases.

d. Wall station LEDs.

Retain this 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.

D. DMX Interface

1. Product: QSE-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 3 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. Able to automatically sequence through a variety of colors

f. Able to download, program, and customize a color wheel for each QSE-CI-DMX unit

E. Wired and Wireless Sensor Module:

1. Product: [QSM2-4W-C]

2. Provide wired inputs for:

a. Occupancy sensors

b. Daylight sensors

c. IR receivers for personal control

d. Digital Ballast Control Stations
3. Wireless Integration

a. Provide wireless communication inputs for:

1) Occupancy sensors

2) Daylight sensors

3) Wireless Controller

b. Provide RF range of 18 meters (60 feet) line of sight or 9 meters (30 feet) through typical construction materials.

c. RF frequency of 434 MHz

4. Communicate sensor information to wired QS link for use by compatible devices.

F. Wired Sensor Module

1. Product: [QSMX-4W-C]

2. Provide wired inputs for:

a. Occupancy sensors

b. Daylight sensors

c. IR receivers for personal control

d. Digital Ballast Control Stations
3. Communicate sensor information to wired QS link for use by compatible devices.

G. Wireless Sensor Module

1. Product: [QSM2-XW-C]

2. Wireless Integration

a. Provide wireless communication inputs for:

1) Occupancy sensors

2) Daylight sensors

3) Wireless Controller

b. Provide RF range of 18 meters (60 feet) line of sight or 9 meters (30 feet) through typical construction materials 

c. RF frequency of 434 MHz

3. Communicate sensor information to wired QS link for use by compatible devices.
Retain article below if sensors are needed for automated control to meet project requirements.  Edit paragraphs below to include only those sensors necessary to meet project requirements.

Delete article if no sensors are necessary to meet project requirements.

2.16 SENSORS

A. Ceiling and Wall Mount Occupancy/Vacancy Sensors

LOS-CUS-500-WH, LOS-CUS-1000-WH, LOS-CUS-2000-WH: Ceiling mount sensors using ultrasonic technology to sense occupancy by bouncing ultrasonic sound waves (32kHz – 45kHz) 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 mount sensors are recommended for larger open spaces with ceilings less than 12 ft. high.

LOS-CIR-450-WH, LOS-CIR-1500-WH, LOS-WIR-WH: Ceiling and wall mount sensors using passive infrared (PIR) technology to 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 mount sensors are recommended for larger open spaces with ceilings less than 12 ft. high.  Wall mounted sensors are recommended for spaces with pendant fixtures, ceiling fans, or ceiling more than 12 ft. high.

LOS-CDT-500-WH, LOS-CDT-500R-WH, LOS-CDT-1000-WH, LOS-CDT-1000R-WH, LOS-CDT-2000-WH, LOS-CDT-2000R-WH, LOS-WDT-WH, LOS-WDT-R-WH: Ceiling and wall mount sensors using both passive infrared and ultrasonic technologies for sensing occupancy providing maximum reliability.  Ceiling mount sensors are recommended for larger open spaces with ceilings less than 12 ft. high.  Wall mounted sensors are recommended for spaces with pendant fixtures, ceiling fans, or ceiling more than 12 ft. high.

Web Link: Occupancy Sensors
1. Product: [LOS-CUS-500-WH], [LOS-CUS-1000-WH], [LOS-CUS-2000-WH], [LOS-CIR-450-WH], [LOS-CIR-1500-WH], [LOS-CDT-500-WH], [LOS-CDT-500R-WH], [LOS-CDT-1000-WH], [LOS-CDT-1000R-WH], [LOS-CDT-2000-WH], [LOS-CDT-2000R-WH], [LOS-WIR-WH], [LOS-WDT-WH], [LOS-WDT-R-WH].

2. Sensing mechanism: 

To ensure that the line of sight is not obstructed due to dust and other contaminants, the infrared sensor should be constructed as follows.

Retain subparagraph below if infrared occupancy/vacancy sensors will be necessary to meet project requirements.  Delete subparagraph if infrared occupancy/vacancy sensors will not be necessary to meet project requirements.

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

To eliminate sensor cross talk and assure reliable performance, the ultrasonic sensor should operate under the following parameters.

Retain subparagraph below if ultrasonic occupancy/vacancy sensors will be necessary to meet project requirements.  Delete subparagraph if ultrasonic occupancy/vacancy sensors will not be necessary to meet project requirements.

b. [Ultrasonic]: Utilize an operating frequency of 32kHz or 40kHz that shall be crystal controlled to operate within plus or minus 0.005 percent tolerance.

Retain subparagraph below if dual technology occupancy/vacancy sensors will be necessary to meet project requirements.  Delete subparagraph if dual technology occupancy/vacancy sensors will not be necessary to meet project requirements.

c. [Dual technology]:

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

2) Utilize an operating frequency of 32kHz or 40kHz that shall be crystal controlled to operate within plus or minus 0.005 percent tolerance.

3. Connect directly to EcoSystem ballast and modules without the need of a power pack or other interface

4. Sensors shall turn off or reduce lighting automatically after reasonable time delay when a room or area is vacated by the last person to occupy the space

5. Sensor shall accommodate all conditions of space utilization and all irregular work hours and habits.

Edit subparagraph below retaining only those standards necessary to meet project requirements.

6. Sensors shall be [UL], [CUL], [NOM] listed (as appropriate)

7. Sensors shall be fully adaptive and adjust their sensitivity and timing to ensure optimal lighting control for any use of the space

8. Sensors shall have field adjustable controls for time delay and sensitivity to override any adaptive features.
9. System provides ability to add additional timeout system wide without having to make local adjustments on sensor 
10. System capable of providing the following occupied and unoccupied actions

a. Area level – from 0-100%

b. Preset area scene

c. Daylighting

11. System can be programmed to change the occupied and unoccupied actions based on button presses, timeclock, or BACnet 

a. System can be configured to apply changes immediately or change of state of occupancy

12. System provides ability to group multiple sensors such that when one sensor seeing occupancy sends the area occupied, but all sensors must trip to go unoccupied.

a. Further grouping of areas can be achieved such that when one area goes occupied, multiple areas go occupied using the same control logic

b. System provides occupancy group 1-way dependency feature, which provides the ability to turn dependent areas (example hallways) on based on one of many other adjacent controlling areas (example private offices) going occupied.  For the dependent area to turn off, all controlling areas must be unoccupied.  The dependent area going occupied does not make the controlling areas go occupied.

13. System provides the ability to configure areas so that they respond to occupancy sensors only if the area is in an unoccupied state (for when a control station may be hit before the occupancy sensor detects occupancy)

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.  

14. Power failure memory: 

a. Controls incorporate non-volatile memory. Should power be interrupted and subsequently restored, settings and learned parameters saved in protected memory shall not be lost.

15. Provide all necessary mounting hardware and instructions.

16. Sensors shall be Class 2 devices.

17. Indicate viewing directions on mounting bracket for all Ceiling mount sensors.

18. Provide customizable mask to block off unwanted viewing areas for all ceiling mounted sensors using infrared technology.

19. Provide swivel mount base for all wall mount sensors.

20. [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.]

B. Sensor Power Packs
1. For ease of mounting, installation and future service, power pack(s) shall be able to mount through a 1/2" knock-out 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 shall provide power to a minimum of three (3) sensors.
2. Power pack shall be plenum rated
3. Control wiring between sensors and control units shall be Class 2, 18-24 AWG, stranded U.L. Classified, PVC insulated or TEFLON jacketed cable suitable for use in plenums, where applicable
C. Infrared Receivers

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.

1. Use Class 2 wiring for low voltage communication

2. Can be replaced without reprogramming

3. 360 degree reception of wireless infrared remote controls

4. Immediate local LED response upon reception of hand held transmitter communication

5. Constructed with plastic meeting UL94 HB

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:

Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE
a. Match NEMA WD1, Section 2 White

b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units

Daylight or fluorescent lighting generate ultraviolet light which can cause parts that do not meet ASTM D4674-89 to discolor / yellow over time. 

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

To provide a stable day light control scheme, the sensor shall 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.
Web Link: Daylight Sensor
D. Interior Daylight Sensors

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.

1. Use Class 2 wiring for low voltage communication

2. Can be replaced without reprogramming

3. Open-loop basis for daylight sensor control scheme

4. Stable output over temperature from 0 degrees to 40 degrees C

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

6. Provide linear response from 0 to 500 foot-candles

7. Integral IR receiver for personal control

8. Constructed with plastic meeting UL94 HB

9. 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

10. Constructed via sonic welding

11. Color:

Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE
a. Match NEMA WD1, Section 2 White

b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units

Daylight or fluorescent lighting generate ultraviolet light which can cause parts that do not meet ASTM D4674-89 to discolor / yellow over time. 

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

E. Exterior Daylight Sensors

1. Calibrated with independent turn-on and turn-off thresholds; minimum 2 foot-candles difference between the turn-on and turn-off thresholds.

2. Enclosed in weatherproof housing with shading and lens protection visor.

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

F. Infrared Partition Sensor

1. Provide contact closure based on status of the partition wall (open/close).
2.17 Wireless Ceiling Occupancy/Vacancy Sensors

LRF2-OCRB-P-WH: Wireless ceiling mount 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 mount sensors are recommended for spaces with ceilings less than 12 ft. high.

LRF2-VCRB-P-WH: Wireless ceiling mount 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 mount sensors are recommended for spaces with ceilings less than 12 ft. high.

A. Product: [LRF2-OCR2B-P-WH], [LRF2-VCR2B-P-WH]

B. Wireless Ceiling Sensors shall:

1. Provide 360 degree coverage range
2. Provide optional customizable mask to block off unwanted viewing areas

3. Have a battery lifetime of a minimum of 10 years when installed per manufacturer’s instructions.  

4. Communicate directly to compatible RF receiving devices through use of a radio frequency require external communications link.

5. No external power packs, power wiring, or communication wiring are required
6. Provide 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.

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

8. Utilize Infrared as its sensing mechanism coupled with Lutron XCT( Technology for sensing fine motions.  Signal processing technology detects fine-motion passive infrared (PIR) signals without the need to change the sensor’s sensitivity threshold.  

9. Utilize Lutron Clear Connect Technology to ensure reliable RF communications
10. RF frequency of [434 MHz]

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

12. Have a test mode that provides a visual indication from the face of the unit to verify correct sensor placement, coverage and operation.
13. Provide RF range between sensor and compatible RF receiving device(s) of 60 feet (18 meters) line of sight or 30 feet (9 meters) through typical construction materials
14. Turn off lighting automatically after reasonable and adjustable time delay once the last person to occupy the space vacates a room or area.  Adjustable timeout shall be available for [1], [5], [15], [30] minutes.

15. System provides ability to add additional timeout system wide without having to make local adjustments on sensor
16. System capable of providing the following occupied and unoccupied actions

a. Area level – from 0-100%

b. Preset area scene

c. Daylighting

17. System can be programmed to change the occupied and unoccupied actions based on button presses, timeclock, or BACnet 

a. System can be configured to apply changes immediately or change of state of occupancy

18. System provides ability to group multiple sensors such that when one sensor seeing occupancy sends the area occupied, but all sensors must trip to go unoccupied.

a. Further grouping of areas can be achieved such that when one area goes occupied, multiple areas go occupied using the same control logic

b. System provides occupancy group 1-way dependency feature, which provides the ability to turn dependent areas (example hallways) on based on one of many other adjacent controlling areas (example private offices) going occupied.  For the dependent area to turn off, all controlling areas must be unoccupied.  The dependent area going occupied does not make the controlling areas go occupied.

19. System provides the ability to configure areas so that they respond to occupancy sensors only if the area is in an unoccupied state (for when a control station may be hit before the occupancy sensor detects occupancy)
20. Comply with the limits for a Class B device, pursuant to part 15 of the FCC rules. 

21. Power failure memory: 

a. Sensors incorporate non-volatile memory. Should power be interrupted and subsequently restored, sensor settings saved in protected memory shall not be lost.

22. Provide a grace period per Title 24 requirements to send lights to previous level when motion is detected within 30 seconds of going unoccupied

C. Mounting:

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

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

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

4. Ceiling-mount wireless occupancy/vacancy sensors using passive infrared technology shall have a customizable mask to block off unwanted viewing areas.

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

D. Wireless occupancy/vacancy sensor can be programmed to operate as an occupancy sensor (automatic-on and automatic-off functionality), an occupancy sensor with low light feature (automatic-on when less than 1 fc (10 lux) of ambient light available and automatic-off functionality), or a vacancy sensor (manual-on and automatic-off functionality).  

E. A vacancy-only model shall be available to meet California Title 24 Energy Efficiency Standard requirements.
Retain article below if sensors are needed for automated control to meet project requirements.  Edit paragraphs below to include only those sensors necessary to meet project requirements.

Delete article if no sensors are necessary to meet project requirements.

2.18 Wireless Wall-Mount Occupancy/Vacancy Sensors 

LRF2-OWLB-P-WH: 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.  

LRF2-VWLB-P-WH: Wireless 180 degree coverage wall-mount vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT( Technology.  Sensor is manual on/auto-off (Meets California Title 24 requirements).  

LRF2-OKLB-P-WH: 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.  

LRF2-VKLB-P-WH: Wireless 90 degree coverage corner-mount vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT( Technology.  Sensor is manual on/auto-off (Meets California Title 24 requirements).  

LRF2-OHLB-P-WH: 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.  

LRF2-VHLB-P-WH: Wireless hallway vacancy sensor using infrared technology for sensing occupancy coupled with Lutron XCT( Technology.  Sensor is manual on/auto-off (Meets California Title 24 requirements).  

A. Product: [LRF2-OWLB-P-WH] [LRF2-VWLB-P-WH] [LRF2-OKLB-P-WH] [LRF2-VKLB-P-WH] [LRF2-OHLB-P-WH] [LRF2-VHLB-P-WH]

B. Wireless Wall-Mount Sensors shall:

1. Provide [180 degree] [90 degree] [hallway] coverage range.

2. Provide optional customizable mask to block off unwanted viewing areas

3. Have an operational lifetime of 10 years without the need to replace batteries when installed per manufacturer’s instructions.  

4. Communicate directly to compatible RF receiving devices through use of a radio frequency communications link.

5. No external power packs, power wiring, or communication wiring are required

6. Provide 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 (dimmers and switches).

7. Utilize Infrared as its sensing mechanism coupled with Lutron XCT( Technology.  Signal processing technology detects passive infrared (PIR) signals without the need to change the sensor’s sensitivity threshold. 
8. Utilize Lutron Clear Connect Technology to ensure reliable RF communications 

9. RF frequency of [434 MHz]

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

11. Have a test mode that provides a visual indication from the face of the unit to verify correct sensor placement, coverage and operation.
12. Provide RF range between sensor and compatible RF receiving device(s) of 60 feet (18 meters) line of sight or 30 feet (9 meters) through typical construction materials

13. Turn off lighting automatically after reasonable and adjustable time delay once the last person to occupy the space vacates a room or area.  Adjustable timeout shall be available for [1], [5], [15], [30] minutes.

14. System provides ability to add additional timeout system wide without having to make local adjustments on sensor
15.  System capable of providing the following occupied and unoccupied actions

a. Area level – from 0-100%

b. Preset area scene

c. Daylighting

16. System can be programmed to change the occupied and unoccupied actions based on button presses, timeclock, or BACnet 

a. System can be configured to apply changes immediately or change of state of occupancy

17. System provides ability to group multiple sensors such that when one sensor seeing occupancy sends the area occupied, but all sensors must trip to go unoccupied.

a. Further grouping of areas can be achieved such that when one area goes occupied, multiple areas go occupied using the same control logic

b. System provides occupancy group 1-way dependency feature, which provides the ability to turn dependent areas (example hallways) on based on one of many other adjacent controlling areas (example private offices) going occupied.  For the dependent area to turn off, all controlling areas must be unoccupied.  The dependent area going occupied does not make the controlling areas go occupied.

18. System provides the ability to configure areas so that they respond to occupancy sensors only if the area is in an unoccupied state (for when a control station may be hit before the occupancy sensor detects occupancy)

19. Comply with the limits for a Class B device, pursuant to part 15 of the FCC rules.
20. Be capable of turning dimmer’s lighting load on to an optional locked preset level selectable by the user.  Locked preset range shall be selectable on the dimmer from 1 percent to 100 percent.
21. Power failure memory: 

a. Sensors incorporate non-volatile memory. Should power be interrupted and subsequently restored, sensor settings saved in protected memory shall not be lost.

22. Provide a grace period per Title 24 requirements to send lights to previous level when motion is detected within 30 seconds of going unoccupied
C. Mounting:

1. Provide wall or corner mounting brackets compatible with drywall and plaster walls. 

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

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

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

D. Wireless occupancy/vacancy sensor can be programmed to operate as an occupancy sensor (automatic-on and automatic-off functionality) or a vacancy sensor (manual-on and automatic-off functionality).  

E. A vacancy-only model shall be available to meet California Title 24 Energy Efficiency Standard requirements.

2.19 Wireless Daylight Sensors

LRF2-DCRB-WH: Wireless ceiling mount daylight sensor using open loop technology for control scheme.  

a. Product: LRF2-DCRB

Wireless sensor allows for a less expensive installation and flexibility to relocate as building needs dictate.

1) Open-loop basis for daylight sensor control scheme

2) Stable output over temperature from 0 degrees to 40 degrees C

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

4) Provide linear response from 0 to 10,000 foot-candles

b. Wireless Daylight Sensors shall:

1) Have an operational lifetime of 10 years without the need to replace batteries when installed per manufacturer’s instructions.  

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

3) Utilize Lutron Clear Connect Technology to ensure reliable RF communications

4) RF frequency of [434 MHz]

5) No external power packs, power wiring, or communication wiring are required

6) Have the ability to be placed in test mode to verify correct operation from the face of the unit.
7) Provide RF range between sensor and compatible RF receiving device(s) of 60 feet (18 meters) line of sight or 30 feet (9 meters) through typical construction materials

8) Comply with the limits for a Class B device, pursuant to part 15 of the FCC rules.

9) Color:

Please verify that your word format for item below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE
a) Match NEMA WD1, Section 2 White
10) Power failure memory: 

a) Sensors incorporate non-volatile memory. Should power be interrupted and subsequently restored, sensor settings saved in protected memory shall not be lost.

Daylight or fluorescent lighting generate ultraviolet light which can cause parts that do not meet ASTM D4674-89 to discolor / yellow over time. 

c. Mounting:

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

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

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

d. Shall meet California Title 24 Energy Efficiency Standard requirements.

Retain article below if accessories are needed to meet project requirements.  Edit paragraphs below to include only those accessories necessary to meet project requirements.

Delete article if no accessories are necessary to meet project requirements.

2.20 ACCESSORIES

For detailed information on emergency lighting applications, please see the following website for more information:

Web Link: Emergency Lighting Systems App Note #106






A. Emergency Lighting Interface; Lutron LUT-ELI

1. Provides total system listing to UL924 when used with Lutron Quantum system. 

2. Senses all three phases of building power.

3. 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].  Lights to return to their previous intensities when normal power is restored.

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

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.

B. Infrared Transmitters:

1. Provide wireless remote control.

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

3. Operate up to 15 meters (50 feet) within line-of-sight to that receiver. 

4. “Learnable” by other variable frequency remote controls.

Retain article below if wiring device accessories are needed to meet project requirements.  Edit paragraphs below to include only those wiring device accessories necessary to meet project requirements.

Delete article if no wiring device accessories are necessary to meet project requirements.

2.21 WIRING DEVICE ACCESSORIES

A. General

1. Provide receptacle, telephone jack, and cable TV jack, and wall plate kits that are designed, tested, manufactured, warranted, and provided by a single manufacturer unless otherwise noted.

2. Provide seamless faceplates with no visible means of attachment.

A Non-NEMA Standard color can be any color offered exclusively by a manufacturer.  A custom color is painted or molded to match the project requirements.  

Edit the following to indicate desired color. For non-NEMA colors, color match coordination will be provided on request.  Please verify that your word format for item 2 below is “Delta” E “equals” 1, CIE L “asterisk” a “asterisk” b color units.  See INTERNATIONAL COMMISSION ON ILLUMINATION home page at:

Web Link: CIE
3. Color

a. [Match NEMA WD1, Section 2.] [Non-NEMA Standard Color] [Custom color to be selected by Architect.]

b. Color variation in same product family: Maximum ΔE=1, CIE L*a*b color units.

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

B. Receptacle Components [Lutron Nova T* Style] [Lutron Claro Style]

1. Receptacles listed to UL 498, CSA C22.2 #42-99, NOM–003–SCFI

2. Receptacles NEMA configuration type [15 Amp] [20 Amp].

3. Isolated ground NEMA configuration type receptacles [15 Amp] [20 Amp].

Half duplex receptacles require two (2) separate power feeds, one for the dimmed half of the receptacle and one for the non-dimmed half of the receptacle.

4. Dimmable receptacles NEMA configuration type [half duplex dimmable] [full duplex dimmable] 15 Amp.

5. Ground-fault interrupter NEMA WD-6 design configuration type receptacles [15 Amp] [20 Amp].

C. Telephone Jack and Cable TV Components

1. Comply with NEC Articles 800-3 and 820-13 by providing an appropriate barrier (partition) to isolate jack from high-voltage wiring when ganged with a dimmer, fan-speed control, switch, or receptacle.

2. Telephone jacks meet FCC Part 68, paragraph F standards to ensure compatibility with U.S. telephone systems 

3. Telephone jacks: designed to mate with standard 4- or 6-conductor modular jacks, and be compatible with 2, 4, or 6 conductor lines. 

4. Cable TV jacks: coaxial type, designed for use with standard 75-Ohm cables.

The following multi-port frame allows for last minute changes or future expansion.  

5. Field customizable multi-port frame capable of expanding to six connections.

D. Wall Plates

1. Listed to UL 514C, CSA C22.2 #42.1-00

2. Provide an adapter plate for proper device alignment and wall plate attachment.

3. Product: [Architectural style face plates: Vareo] [Designer style face plates: Claro Gloss, Matte Finish] [Designer style face plates: Claro Satin Color as selected by the Architect] [Wall plate styles and colors to be provided as defined on the project drawings and schedules]

2.22 SOURCE QUALITY CONTROL

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.

A. Perform full-function testing on all completed assemblies at end of line. 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.  This testing will assure that every product has been tested and guaranteed to work on your project.  

B. Perform full-function testing on 100 percent of all ballasts at the factory.

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.  

C. Audit burn-in at 40 degrees C (104 degrees F) ambient temperature of dimming assemblies and panels 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.  

D. Perform burn-in at 40 degrees C (104 degrees F) ambient temperature on 100 percent of all ballasts at the factory.

PART 3  - EXECUTION

3.1 INSTALLATION

A. Install equipment in accordance with manufacturer’s installation instructions.

B. Provide complete installation of system in accordance with Contract Documents. 

C. Provide dedicated network between Q-Manager computer and Quantum Lighting Management Panels.

D. Provide equipment at locations and in quantities indicated on Drawings. Provide any additional equipment required to provide control intent.

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.

E. Define each dimmer's/relay’s load type, assign each load to a zone, and set control functions.

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.

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

Interior sensor 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.

G. Ensure that daylight sensor placement minimizes sensors view of electric light sources; ceiling mounted and fixture-mounted daylight sensors shall not have direct view of luminaries.  

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

H. Season lamps at full intensity according to lamp manufacturer’s recommendation. 

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

I. Lead lengths to lamp sockets not to exceed three feet (.9m) for T4 4-pin compact lamps and T5 BIAX and seven feet (2.1 m) for T5, T5-HO, T8 U-bend, and T8 linear fluorescent lamps.

Only rapid start sockets can be used with dimming ballasts.  IEC 60400 is a standard that defines performance levels for sockets.   For more information, please see the following application “Lampholders and Lampholder Installation for Fluorescent Dimming” at:

Web Link: Lampholder App Note #122
J. Rapid starts sockets must meet IEC 60400

K. Install shades to provide smooth operation.

Retain paragraph below if an Integration Meeting is required to meet project requirements.  Delete paragraph if an Integration Meeting is not required to meet project requirements.

L. [Systems Integration:

1. Equipment Integration Meeting Visit (LSC-INT-VISIT)

a. Facility Representative to coordinate meeting between Facility Representative, Lighting Control System Manufacturer and other related equipment manufacturers to discuss equipment and integration procedures.]

3.2 SERVICE AND SUPPORT 

A Digital-Network Lighting Control System requires multiple site visits for proper startup.  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 per specification.  The third visit trains the owner/end user on system operation and functionality.

A. Startup and Programming
1. Provide factory certified field service engineer to make minimum of three site visits to ensure proper system installation and operation under following parameters

a. Qualifications for factory certified field service engineer:

1) Minimum experience of 2 years training in the electrical/electronic field.

2) Certified by the equipment manufacturer on the system installed.

b. Make first visit prior to installation of wiring. Review:

1) Low voltage wiring requirements.

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

3) Wire labeling.

4) Lighting Management Panel locations and installations.

5) Control locations.

6) Computer jack locations.  

7) Load circuit wiring.

8) Network wiring requirements.

9) Connections to other equipment and other Lutron equipment.  

10) Installer responsibilities.

11) Power Panel locations.

c. Make second visit upon completion of installation of Network Lighting Control System: 

1) Verify connection of power wiring and load circuits.

2) Verify connection and location of controls.

3) Energize Lighting Management Panels and download system data program.

4) Address devices.

5) Verify proper connection of panel links (low voltage/data) and address panel.

6) Download system panel data to dimming/switching panels

7) Check dimming panel load types and currents and supervise removal of by-pass jumpers.

8) Verify system operation control by control.

9) Verify proper operation of manufacturers interfacing equipment. 

10) Verify proper operation of manufacturers supplied PC and installed programs. 

11) Configure initial groupings of ballast for wall controls, daylight sensors and occupant sensors.

12) Initial calibration of sensors.

13) Obtain sign-off on system functions.

d. Make third visit to demonstrate and educate Owner’s representative on system capabilities, operation and maintenance.

2. Startup 

a. Q-Admin configuration  

1) Naming and association of areas and lighting zones.

Due to building operations, start-up of Lighting Control System may be required outside of normal business hours (Monday through Friday, 7 a.m. to 5 p.m.).  

Retain subparagraph below if After Hours Start-up is required to meet project requirements.  Delete subparagraph if After hours Start-up is not required to meet project requirements.

b. [After Hours Start-up (LSC-AH-SU)

1) Provide factory certified Field Service Engineer to perform manufacturer’s start-up procedures outside normal working hours (Monday through Friday, 7a.m. to 5 p.m.)]

Edit paragraph below to include to training of customer representative on software included to meet project requirements by Factory Service Field Service Engineer.

B. Training of customer representatives for Q-Admin.

1. [Configuration Software used to make system programming and configuration changes]

2. [Control and Monitor]

3. [GreenGlance]
4. [Personna PC]

If there is a problem on the job site, the manufacturer must be reachable 24 hours per day / 7 days a week to resolve any lighting control issues.  If this service is not provided, project cost overruns and delays can occur.  Additionally, answering services can add to frustration and delays.

C. Tech Support

1. Provide factory direct technical support hotline 24 hours per day, 7 days per week.

3.3 FIELD QUALITY CONTROL

On-site adjustments to the Lighting Control System, after all equipment and room furnishings have been installed, may be desired in order to meet the Lighting Consultant’s design intent.  These adjustments may include light level, fade time and delay in lighting scenes.

Retain subparagraph below if an Aim and Focus visit is required to meet project requirements.  Specify which Facility Representative (if known) will be responsible for coordination of visit; i.e. Facility Manager, Owner, etc.

Delete subparagraph if an Aim and Focus visit is not required to meet project requirements.

A. [Manufacturer Services

1. Aim and Focus Visit (LSC-AF-VISIT)

a. Facility Representative [_______________] to coordinate on-site meeting with Lighting Control System Manufacturer and Lighting Design Consultant to make required lighting adjustments to the system for conformance with the Lighting Design Consultant’s original design intent.]

3.4 CLOSEOUT ACTIVITIES

Standard start-up procedure for Quantum includes training of customer representatives.  Additional training visits may be requested for reasons such as when not all required attendees are available at the same time.

Retain paragraph below if an additional training visit is required to meet project requirements.  Edit the number of additional days to meet project requirements.  Delete paragraph if additional training visits are not necessary to meet project requirements.

A. [Training Visit (LSC-TRAINING)

1. Lighting Control System Manufacturer to provide [1] [__] day additional on-site system training to site personnel.]

An on-site walkthrough to demonstrate system functionality to a Commissioning Agent is often required for LEED projects..  During this visit, the manufacturer’s Field Service Engineer 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 and/or daylight sensor functionality.

Retain paragraph below if an on-site walkthrough between the Lighting Control System Manufacturer and a Commissioning Agent is required to meet project requirements.  Delete paragraph if on-site walkthrough is not required.

B. [On-site Walkthrough (LSC-WALK)

1. Lighting Control System Manufacturer to provide a factory certified Field Service Engineer to demonstrate system functionality to the Commissioning Agent.]

3.5 DEMONSTRATION

A. Demonstrate proper operation and maintenance of window shade system to Owner.

3.6 MAINTENANCE

A. Capable of providing on-site service support within 24 hours anywhere in continental United States and within 72 hours worldwide except where special visas are required.

B. Offer renewable service contract on yearly basis, to include parts, factory labor, and annual training visits.  Make service contracts available up to ten years after date of system startup.

An on-site meeting between the Lighting Control System Manufacturer and a Facility Representative may be requested in advance to evaluate the system usage after the building has been in operation for a predetermined period of time.  This evaluation can include sensor calibration, timeclock programming, light level analysis, sensor layout support, and training.

Retain subparagraph below if a system optimization visit is required.  Edit the time period for this visit to suit project requirements.

C. [System Optimization Visit (LSC-SYSOPT)

1. Lighting Control System Manufacturer to visit site [6] [__] months 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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