SECTION 260943
NETWORK LIGHTING CONTROLS

PART 1   GENERAL

1.1 SECTION INCLUDES

A. Lighting control system and associated components:

1. Power panels.
2. Fluorescent electronic dimming ballasts.
3. Power interfaces.
4. Lighting control system processor.
5. Centralized lighting control system software.
6. Keypads.
7. Dimmers and switches.

8. Low-voltage control interfaces.
9. Wired sensors.
10. Wireless sensors.
11. Accessories.
1.2 RELATED REQUIREMENTS

A. Section 122413 - Roller Window Shades:  Motorized roller window shades, for interface with lighting control system.

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

C. Section 26 2726 - Wiring Devices:

1. Finish requirements for wall controls specified in this section.
2. Accessory receptacles and wallplates, to match lighting controls specified in this section.
D. Section 26 5100 - Interior Lighting:  Luminaires and associated components, for interface with lighting control system.

E. Section __________:  Audio-video system, for interface with lighting control system.

1.3 REFERENCE STANDARDS

A. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent Lamp Ballasts – Supplements.
B. ANSI/ESD S20.20 - Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices).
C. ASTM D4674 - Standard Practice for Accelerated Testing for Color Stability of Plastics Exposed to Indoor Office Environments.
D. IEC 60929 - AC and/or DC-Supplied Electronic Control Gear for Tubular Fluorescent Lamps - Performance Requirements.
E. IEC 61000-4-2 - Electromagnetic Compatibility (EMC) - Part 4-2: Testing and Measurement Techniques - Electrostatic Discharge Immunity Test.
F. IEC 61000-4-5 - Electromagnetic Compatibility (EMC) - Part 4-5: Testing and Measurement Techniques - Surge Immunity Test.
G. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 V and less) AC Power Circuits.
H. ISO 9001 - Quality Management Systems-Requirements.
I. NECA 1 - Standard for Good Workmanship in Electrical Construction.
J. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical Contractors Association.
K. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical Manufacturers Association.
L. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.
M. UL 20 - General-Use Snap Switches.
N. UL 94 - Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.
O. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker Enclosures.
P. UL 508 - Industrial Control Equipment.
Q. UL 916 - Energy Management Equipment.
R. UL 924 - Emergency Lighting and Power Equipment.
S. UL 935 - Fluorescent-Lamp Ballasts.
T. UL 1472 - Solid-State Dimming Controls.
1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate the placement of sensors and wall controls with millwork, furniture, equipment, etc. installed under other sections or by others.
2. Coordinate the placement of wall controls with actual installed door swings.
3. Where motorized window treatments are to be controlled by the lighting control system provided under this section, coordinate the work with other trades to provide compatible products.
4. Coordinate the work to provide luminaires and lamps compatible with the lighting controls to be installed.
5. Notify Architect of any conflicts or deviations from the contract documents to obtain direction prior to proceeding with work.
B. Preinstallation Meeting:  Conduct on-site meeting with lighting control system manufacturer prior to commencing work as part of manufacturer's standard startup services. Manufacturer to review with installer:

1. Low voltage wiring requirements.
2. Separation of power and low voltage/data wiring.
3. Wire labeling.
4. HomeWorks Processor locations and installation.
5. Control locations.
6. Load circuit wiring.
7. Network wiring requirements.
8. Connections to other equipment and other Lutron equipment.
9. Installer responsibilities.
10. Power panel locations.
C. Sequencing:

1. Do not install sensors and wall controls until final surface finishes [and painting] are complete.
1.5 SUBMITTALS

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

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

1. Occupancy/Vacancy Sensors:  Include detailed motion detection coverage range diagrams.
C. Shop Drawings:

1. Provide load schedule indicating actual connected load, load type, and voltage per circuit, circuits and their respective control zones, circuits that are on emergency, and capacity, phase, and corresponding circuit numbers.
2. Provide schematic system riser diagram indicating component interconnections. Include requirements for interface with other systems.
D. Samples:

1. Wall Controls:
a. Show available color and finish selections.
E. Manufacturer's Installation Instructions:  Include application conditions and limitations of use stipulated by product testing agency. Include instructions for storage, handling, protection, examination, preparation, and installation of product.

F. LEED Commissioning Documentation; Lutron LSC-LEED-DOC:  Include manufacturer's enhanced documentation detailing start-up procedures and functional tests performed along with test results.

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

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

I. Warranty:  Submit sample of manufacturer's warranty and documentation of final executed warranty completed in Owner's name and registered with manufacturer.

J. Maintenance contracts.

1.6 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

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

C. Manufacturer Qualifications:

1. Company with not less than ten years of experience manufacturing lighting control systems of similar complexity to specified system.
2. Registered to ISO 9001, including in-house engineering for product design activities.
3. Qualified to supply specified products and to honor claims against product presented in accordance with warranty.
D. Maintenance Contractor Qualifications:  Manufacturer's authorized service representative.

1.7 DELIVERY, STORAGE, AND HANDLING

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

1.8 FIELD CONDITIONS

A. Maintain field conditions within manufacturers required service conditions during and after installation.

1. System Requirements - Lutron, Unless Otherwise Indicated:
a. Ambient Temperature:
1) Lighting Control System Components, Except Those Listed Below:  Between 32 and 104 degrees F (0 and 40 degrees C).
2) Fluorescent Electronic Dimming Ballasts:  Between 50 and 140 degrees F (10 and 60 degrees C).
b. Relative Humidity:  Less than 90 percent, non-condensing.

c. Protect against accumulation or infiltration of dust.

1.9 WARRANTY

A. 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 on-site or remote response time.
d. 24 hours per day, 7 days per week telephone technical support, excluding manufacturer holidays.
PART 2   PRODUCTS

2.1 MANUFACTURERS

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

B. Substitutions:  Not permitted.
2.2 LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS

A. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL); listed to UL 916 where applicable.

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

C. Shade Control Requirements:

1. Capable of operating shades independently, without use of external group controllers.

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

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

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

5. Capable of controlling any shade electronic drive unit via keypads and contact closure inputs without separate group controller.

6. Capable of operating any group or sub group of shade electronic drive units within subsystem via keypads and interfaces.

7. Capable of one-touch control of shades via keypad, lighting control, or handheld remote.

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

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

10. Capable of recalling presets via keypad, contact closure input, infrared receiver, lighting management system software, or other lighting control system interface.

11. Capable of programming shade open and close limits from shade electronic drive unit, lighting control, keypad, or handheld remote, or software.

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

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

F. Dimming and Switching (Relay) Equipment:

1. Designed so that electrolytic capacitors operate at least 36 degrees F (20 degrees C) below the capacitor's maximum temperature rating when the device is under fully loaded conditions at maximum rated temperature.

2. Inrush Tolerance:

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

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

3. Surge Tolerance:

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

b. Other Power Handling Devices: Designed and tested to withstand surges of 6,000 V, 200 amps according to IEEE C62.41.2 without impairment to performance.

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

5. Dimming Requirements:

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

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

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

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

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

e. Load Types:

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

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

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

g. Line Voltage Dimmers:

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

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

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

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

3) Dimmers for Neon and Cold Cathode Transformers:

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

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

h. Low Voltage Dimming Modules:

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

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

(a) 0-10V analog voltage signal.

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

(2) Sink current according to IEC 60929.

(3) Source current.

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

(c) PWM per IEC 60929.

6. Switching Requirements:

a. Rated Life of Relays: Minimum of 1,000,000 cycles.

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

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

G. Device Finishes:

1. Wall Controls: To be selected by Architect from standard colors.
2. Standard Colors: Comply with NEMA WD1 where applicable.

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

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

2.3 POWER PANELS

A. Provide power panels with configurations as indicated on the drawings.

B. General Requirements:

1. Listed to UL 508 as industrial control equipment where applicable.

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

3. Shipped 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.
4. Provided with branch circuit protection for each input circuit unless the panel is a dedicated feed-through type panel or otherwise indicated on the drawings.
5. Branch Circuit Breakers:
a. Listed to UL 489 as molded case circuit breaker for use on lighting circuits.
b. Provided with visual trip indicator.
c. Provide circuit breakers with interrupting capacity as required to provide the short circuit current rating as indicated.
d. 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.
e. Equipped with provision for tag-out/lock-out devices to secure circuit breakers in off position when servicing loads.
f. Replaceable without moving or replacing dimmer/relay assemblies or other panel components.
g. Listed as switch duty (SWD) so that loads can be switched on and off by breakers.
6. Provide panels with listed short circuit current rating not less than the available fault current at the installed location as indicated on the drawings.
7. Diagnostics and Service:
a. Replacing dimmer/relay does not require re-programming of system or processor.
b. Include diagnostic LEDs for dimmers/relays to verify proper operation and assist in system troubleshooting.
c. Include tiered control scheme for dealing with component failure that minimizes loss of control for occupant.
1) If lighting control system fails, lights to remain at current level. Panel processor provides local control of lights until system is repaired.
2) 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.
3) 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.
8. Compatible with external Eaton AFCI circuit breakers for full 16A continuous dimming.

C. HomeWorks QS Modular Panels: Delivered and installed as a listed factory-assembled panel. 
1. Provide surface-mounted or flush-mounted enclosures as indicated.
2. Unless otherwise indicated or required, utilize multiple load type 16 A feed continuous-use listed dimming/switching modules.
3. For switching only circuits, utilize 1,000,000 cycle relays.
a. For loads requiring 0-10V or PWM control, utilize compatible multiple load type low voltage dimming modules.
2.4 FLUORESCENT ELECTRONIC DIMMING BALLASTS

A. General Requirements:

1. Designed for 10 year operational life while operating with a case temperature range of 50 degrees F (10 degrees C) to 167 degrees F (75 degrees C) and 90 percent non-condensing relative humidity.

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

3. Designed so that electrolytic capacitors operate at least 36 degrees F (20 degrees C) below the capacitor's maximum temperature rating when the ballast is under fully loaded conditions and case temperature is 167 degrees F (75 degrees C).

4. Lamp Starting Method: Programmed rapid start.

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

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

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

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

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

10. Inaudible in a 27 dBA ambient.

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

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

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

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

B. 3-Wire Control:

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

C. Digital Control:

1. Monitor and report lamp and ballast status.

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

3. Each ballast responds independently to:

a. Up to 32 occupant sensors.

b. Up to 64 personal control inputs.

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

5. Averages two independent daylight harvesting inputs internally.

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

D. Product(s):

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

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

b. Surge Tolerance: Designed and tested to withstand surges of 6,000 V according to IEEE C41.2 without impairment of performance.

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

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

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

b. Surge Tolerance: Designed and tested to withstand surges of 6,000 V according to IEEE C41.2 without impairment of performance.

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

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

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

b. Surge Tolerance: Designed and tested to withstand surges of 4,000 V according to IEEE C41.2 without impairment of performance.

c. Total Harmonic Distortion (THD): Less than 15 percent.

d. Digital Control:

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

(a) Occupancy sensors.

2) Provide a 20V DC source to power connected sensors.

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

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

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

b. Surge Tolerance: Designed and tested to withstand surges of 4,000 V according to IEEE C41.2 without impairment of performance.

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

5. 2-Wire Control; Lutron Tu-Wire:

a. Dimming Range: 100 to five percent relative light output for T4 compact and T8 lamps.

b. Surge Tolerance: Designed and tested to withstand surges of 6,000 V according to IEEE C41.2 without impairment of performance.

c. Total Harmonic Distortion (THD): Less than 20 percent.

2.5 LED DRIVERS

A. Product: Lutron Hi-lume A-Series.

B. General Requirements:

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

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

3. Designed so that electrolytic capacitors operate at least 36 degrees F (20 degrees C) below the capacitor's maximum temperature rating when the ballast is under fully loaded conditions and under maximum case temperature.

4. Maximum Inrush Current: 2 amperes for 120V and 277V drivers.

5. UL 8750 recognized or listed as applicable.

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

7. Surge Tolerance: Designed and tested to withstand surges of 4,000 V according to IEEE C41.2 without impairment of performance.

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

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

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

11. Total Harmonic Distortion (THD): Less than 20 percent; comply with ANSI C82.11.

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

13. Constant Current Drivers:

a. Support from 200 mA to 2.1 A (in 10 mA steps) to ensure a compatible driver exists.

b. Support LED arrays up to 40W or 50 W (710 mA to 1.05 A in 10 mA steps).

14. Constant Voltage Drivers:

a. Support from 10 V to 40 V (in 0.5 V steps) to ensure a compatible driver exists.

b. Support LED arrays up to 40W.

15. Configuration tool available to optimize the following for LED fixtures:

a. Light level.

b. Efficacy.

c. Thermal performance.

C. 3-Wire Control:

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

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

3. Operate from input voltage of 120 V through 277 V at 60 Hz.

D. Digital Control:

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

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

3. Operate from input voltage of 120 V through 277 V at 60 Hz.

4. Each driver responds independently to:

a. Up to 32 occupant sensors.

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

E. Forward Phase Control (Neutral Wire Required):
1. Dimming Range: 100 to one percent relative light output.
2.6 POWER INTERFACES

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

B. General Requirements:

1. Phase independent of control input.
2. Dimmer to meet limited short circuit test as defined in UL 508.
3. Utilize air gap off to disconnect the load from line supply.
4. Diagnostics and Service:  Replacing power interface does not require re-programming of system or processor.
C. Product(s):

1. Lutron PHPM-PA Phase-Adaptive Power Modules.
2. Lutron PHPM-3F 3-Wire Fluorescent Power Modules.
3. Lutron PHPM-SW Switching Power Modules.
4. Lutron PHPM-WBX Phase-Adaptive Power Modules with 3-Wire Fluorescent Input.
5. Lutron GRX-TVI Ten Volt Interface.
6. Lutron HP Series Hi-Power Dimming Modules.
2.7 LIGHTING CONTROL SYSTEM PROCESSOR

A. Product:  Lutron Model HQP6-2 HomeWorks QS Processor.

B. Integrates control station devices, power panels, shades, and external inputs into single customizable, multiple failsafe lighting control system, operable manually or automatically.

C. UL listed.

D. Multiple processor systems to operate under single database.

E. Capable of interfacing to other equipment by means of RS 232, contact closure interface, IR interface, or TCP/IP communication over network.

F. Minimum accuracy of plus/minus 2 minutes per year under all operating conditions. Systems that rely on external computer for timeclock functions are not acceptable.

G. Full internal battery backup capable of storing all system memory for minimum of 1 year without power and automatically returning system to its previous state.

H. Capable of running automatically (timeclock function is retained) and manually (via all wall stations).

I. Processor has LED indicators to display diagnostic information to aid in system set-up and troubleshooting:

1. Confirm proper system communication.
2. Indicate wiring errors between processor and control devices.
J. Software can be upgraded via a local computer, network connection, or remotely.

K. Lighting control database can be extracted from processor.

L. Processor can communicate to radio frequency lighting control components.

M. Ethernet Capabilities:

1. Provide access to:
a. Scene selections.
b. Fade zone to a level.
c. Fine-tuning of preset levels with scene raise/lower.
d. Fine-tuning of light levels with individual zone raise/lower.
e. Enable/disable timeclock.
f. Setting of timeclock.
g. Enable/disable wall station.
h. Simulate wall station button press.
i. Reading/setting of system variables.
j. Provide status monitoring through button feedback and scene-status updates.
k. Control shades, fans, and/or HVAC.
l. Trigger contact closure inputs and/or outputs.
m. Enable/disable system Vacation Mode or Green Mode.
2. Ethernet:  Provide ability to communicate by means of TCP/IP over Ethernet to Lighting Control System Processor by means of user-supplied PC or digital audiovisual equipment. Control to be located within 300 feet (100 m) of Ethernet source.
2.8 CENTRALIZED LIGHTING CONTROL SYSTEM SOFTWARE

A. Operates on personal computer (PC) running Windows XP, Windows Vista, Windows 7, or Windows 8.

B. Manufacturer to provide oneline product updates.
C. Allows operation on remote client machines over TCP/IP connection; operation by means of simple URL's.

D. Allows user to monitor and control:

1. Current zone intensities.
2. Status of scenes.
3. Enabled/disabled state for the global timeclock.
4. Enabled/disabled state for control station devices.
E. Allows user to create and utilize virtual control station devices.

F. Allows for remote control of physical control station devices.

G. Includes on-screen report capabilities to provide diagnostic information.

H. Provides communication status between all power panels, processors, and control station devices to verify that connections are sound.

I. Provides for light level intensity values of selected zones over time period.

J. Downloads database to processor(s).

K. Defines programs, modifies, and updates lighting control system database.

L. Allows user to:

1. Define following within desired space:
a. Zones.
b. Scenes.
c. Timeclock.
d. Control station devices.
e. Switching and dimming panels.
f. Switch legs.
2. Define global time clock.
3. Define device functionality as indicated in subsequent sections.
4. Create sequences that can run for specified number of times or until cancelled by user.
5. Lighting levels to fade smoothly between scenes at time intervals of 0 to 4 hours.
6. Define timeclock schedules that can be single or periodic events based on absolute time or time relative to sunrise/sunset.
M. Allows user in real time to recall, redefine, and save zone intensities for selected scene.

N. Real time scene programming software operable on dedicated computer attached to wired or wireless network. User to supply wireless network for wireless operability.

O. Conditional Logic Programming: A desired button action is dependent upon a separate system device, variable state, sequence state, or time.

P. Timeclock:

1. Allows up to 32,000 events to be programmed to occur without user intervention at specified times during the day in relation to sunrise/sunset. Sunrise and sunset times to be calculated by specifying the latitude and longitude of the location of the system.
2. Accurate to plus/minus two minutes per year (specified as during data retention time).
Q. Vacation Mode:

1. Software randomly turns on and off pre-selected zones.
R. System integration via IR, CCI, CCO RS232, and/or Ethernet.

S. HomeControl+ Control App via Apple or Android Device:
1. Adjust light and shade levels.
2. Control system keypads including button feedback and raise/lower controls.
3. Edit time clock events.
4. Adjust temperature settings and schedules.
5. Edit the light and shade levels programmed to keypad buttons and time clock events in real time.
6. Change the Grafik Eye scene that is activated by a keypad button or time clock event in real time.
2.9 RADIO FREQUENCY (RF) REPEATERS
A. HomeWorks QS Hybrid Repeaters add wireless Radio Frequency (RF) communication and extend the range of RF signals that are sent between dimmers, switches, keypads, visor control receivers, shades/draperies, and other devices.

B. Product:  Lutron Model HQR-REP-120 HomeWorks QS Hybrid Repeater.

C. Provide RF repeaters as indicated or as required to facilitate wireless communication between processor and all wireless devices provided.

D. Communications:  Furnished with provisions for both wired low-voltage and wireless (RF) communication links.

1. Wired Communications:  Utilize RS485 wiring for low-voltage communications link.
2. Wireless Communications:  Communicates directly to compatible RF devices and other RF repeaters through use of a radio frequency communications link; RF range of 30 feet (9 m) between repeater and devices and 60 feet (18 m) between repeaters.
E. Provides wireless communication capability for lighting control system processors via wired communication link.

F. Extends wireless communication range via connection of up to four total repeaters per communications link.
G. Must not interfere with devices operating at 2.4GHz.
2.10 KEYPADS

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

B. Lutron HomeWorks Keypads:

1. General Requirements:

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

b. Functionality:

1) Upon button press, LEDs to immediately illuminate.

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

3) Allows for easy reprogramming without replacing unit.

4) Replacement of units does not require reprogramming.

c. Buttons/Engraving:

1) Engrave keypad buttons or provide adhesive button labels to be selected by Architect or Owner.
2) Utilize backlighting for buttons and associated engraving to provide readability under all light conditions.

d. Software Configuration:

1) Customizable keypad button functionality:

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

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

(c) Buttons can be programmed to perform automatic sequence of defined actions.
(d) Buttons can be programmed to perform cycle dim.
(e) Capable of deactivating select wall stations to prevent accidental changes to light levels.
2. Lutron HomeWorks QS Wired seeTouch Architectural Non-Insert Style, Architectural Insert Style or Signature Series Keypads as indicated on drawings:

a. Power: Class 2 (low voltage).

b. Communications: Utilize RS485 wiring for low-voltage communications link.

c. Mounting: Wallbox or low-voltage mounting bracket; provide wallplates with concealed mounting hardware.

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

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

f. Provide integral infrared receiver for personal control.
g. Terminal block inputs to be over-voltage and miswire-protected against wire reversals and shorts.

h. Keypad LEDs to support logic that defines when it is illuminated:

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

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

3) Pathway (logic is true when all zones are on).

i. Keypad backlighting adjustable to desired brightness.

j. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
3. Lutron HomeWorks QS RF seeTouch Designer Keypads:

a. Power: 120 VAC, 60 Hz; provide connection as indicated or as required.

b. Communications: Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).

c. Mounting: Wallbox; provide wallplates with concealed mounting hardware.

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

e. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
4. Lutron HomeWorks QS RF Hybrid seeTouch Keypads:

a. Integral Dimmer:

1) Suitable for two-wire and neutral wire installations.

2) Suitable for single location and multi-location (with remote dimmer model) installations.

3) Can be assigned to any button on the unit.

4) Can be assigned to any programmable input.

5) Load Rating - Incandescent: 450 W (not ganged).

6) Load Rating - Magnetic Low Voltage: 350 W/450 VA (not ganged).

7) Provide manual air gap switch accessible without removing wallplate to facilitate safe lamp replacement.

b. Power: 120 VAC, 60 Hz; provide connection as indicated or as required.

c. Communications: Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).

d. Mounting: Wallbox; provide wallplates with concealed mounting hardware.

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

f. Finish:[As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
5. Lutron HomeWorks QS RF seeTouch Tabletop Keypads:

a. Quantity: As indicated on the drawings.
b. Power: Furnished with provisions for both battery operation and plug-in connection to standard 120 VAC receptacle via supplied DC adapter.

c. Communications: Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).

d. Mounting: Suitable for use as a tabletop or handheld remote; provide accessory bracket for optional wall-mounting.

e. Design keypads to shut off after a short period of inactivity when operating on battery power. 

1) "Wake-Up Only": Single button press to "wake-up" keypad and show status; subsequent press to activate button.

f. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
C. Lutron HomeWorks QS Architrave

1. Power: Class 2 (low voltage).

2. Communications: Utilize RS485 wiring for low-voltage communications link.

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

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

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

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

a.  Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
D. Lutron HomeWorks QS Dynamic Keypads:

1. Power:  Class 2 (low voltage); provide accessory power supply with connection to 120 VAC, 60 Hz for units not connected to wired communications link.

2. Communications:  Furnished with provisions for both wired low-voltage and wireless (RF) communication links.
a. Wired Communications:  Utilize RS485 wiring for low-voltage communications link.

b. Wireless Communications:  Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; RF range of 30 feet (9 m).
3. Utilizes capacitive touch interface with customizable on-screen buttons for single point control of multiple systems:

a. Lights:  Control and monitor lighting scenes or individual lights in multiple areas.

b. Shades:  Control and monitor individual or groups of shades/draperies in multiple areas.
c. Temperature:  View the current temperature and adjust set point, system mode, and schedule.
d. Audio/Video:  Access basic controls of A/V equipment by integrating with a third-party A/V control processor.
e. Energy:  View current energy saving mode and adjust "Green" button settings.
f. Favorites:  Quickly access most frequently used system functions.
4. Furnished with three backlit hard buttons for frequently used lighting functions.

5. Allows for easy reprogramming without replacing unit.
6. Mounting:  Wall-mounted with supplied mounting frame.
7. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
E. Lutron Pico Wireless (Radio Frequency) Controls:

1. Quantity: As indicated on the drawings.
2. Power: Battery-operated with minimum ten-year battery life; does not require external power packs or power wiring.

3. Communications: Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).

4. Allows for easy reprogramming without replacing unit.

5. Button Programming:

a. Single action.

b. Toggle.

6. Mounting:

a. Suitable for use as a handheld remote.

b. Suitable for use as a tabletop remote (with accessory pedestal).

c. Provide accessory bracket for optional wall-mounting.

d. Suitable for wall-mounting directly under a wallplate (with accessory wallplate adapter); provide wallplates with concealed mounting hardware.

e. Suitable for car visor mounting (with accessory visor clip).

7. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
F. Infrared Handheld Controls:

1. Product(s):

a. Lutron Model GRX-IT-WH: Operates up to 50 feet (15 m) line-of-sight to receiver.

b. Lutron Model C-FLRC-WH: Operates up to 12 feet (3.7 m) line-of-sight to receiver.

2. Quantity: As indicated on the drawings.
3. Designed for use in conjunction with compatible infrared receiver and lighting control; compatibility dependent on that receiver, not transmitter.

4. Learnable by other variable frequency remote controls.

G. Lutron HomeWorks QS Visor Controls:

1. Lutron Model LR-3B-H-SW Visor Control Transmitter:
a. Designed for use in conjunction with Lutron Visor Control Receiver.
b. Power:  Battery-operated with minimum ten-year battery life.
c. Mounting:  Suitable for car visor mounting with removable visor clip.
d. Finish:  Snow only.
e. Quantity: As indicated on the drawings

2. Lutron Model HQR-VCRX-WH Visor Control Receiver:
a. Power:  Plug-in connection to standard 120 VAC receptacle via supplied DC adapter.
b. Communications:  Communicates directly with repeaters and compatible visor control transmitters through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m) between receiver and repeater and 150 feet (46 m) between receiver and transmitter.
c. Contact Closure Interface:
1) Provide two contact closure inputs for integration with other systems; can be configured for maintained or momentary contact closures.
2) Provide one contact closure input for security systems; accepts maintained contact closures.
3) Provide four contact closure outputs for control of garage doors or motorized gates; can be configured for maintained or momentary outputs.
2.11 DIMMERS AND SWITCHES
A. Lutron HomeWorks QS RF Maestro Local Controls:

1. Provide dimmers and switches of the types and ratings required to control loads as indicated.
2. General Requirements:
a. Listed as complying with UL 20 and UL 1472 as applicable.
b. Provides local control in the event that communication with lighting control system is interrupted.
c. Provide frequency compensation for dimming capability on 50 or 60 Hz power sources.
d. Provide multi-location dimming control.

e. Provide manual air gap switch accessible without removing wallplate to facilitate safe lamp replacement.
f. Mounting:  Wallbox; provide wallplates with concealed mounting hardware.
g. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
3. Lutron HomeWorks QS RF Maestro Local Controls:
a. Communications:  Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).
b. Incandescent Dimmers:  High end to be a minimum of 92 percent of line voltage.
c. Magnetic Low Voltage (MLV) Dimmers:  High end to be a minimum of 92 percent of line voltage.
d. Solid-State Phase-Adaptive Dimmers:  High end to be a minimum of 95 percent of line voltage.
e. Three-Wire Fluorescent Dimmers:  Suitable for control of specified Lutron fluorescent electronic dimming ballasts; load rating of 6 A.
f. Fan Speed Control: 2A Ceiling Fan Control, 4 speeds plus off
g. Electronic Switches, With Neutral Wire:  Load rating of 8 A for lighting and 5.8 A for motor at 120 VAC.
h. Electronic Switches, Without Neutral Wire:  Load rating of 8 A for lighting and 3A for motor at 120 VAC; Load rating of 8 A at 277 VAC.
i. Remote Dimmers:  Capable of providing 3-way or 4-way control from up to 9 additional locations when used in conjunction with wired master dimmer.
j. Remote Switches:  Capable of providing 3-way or 4-way control from up to 9 additional locations when used in conjunction with wired master switch.
4. Lutron HomeWorks QS Maestro Local Controls
a. Communications:  Communicates directly to compatible receiving devices through use of low voltage communications link.
b. Incandescent Dimmers:  High end to be a minimum of 92 percent of line voltage.
c. Magnetic Low Voltage (MLV) Dimmers:  High end to be a minimum of 92 percent of line voltage.
d. Solid-State Electronic Low Voltage (ELV) Transformer Dimmers:  High end to be a minimum of 95 percent of line voltage.
e. Three-Wire Fluorescent Dimmers:  Suitable for control of specified Lutron fluorescent electronic dimming ballasts; load rating of 6 A.
f. Fan Speed Control: 2A Ceiling Fan Control, 4 speeds plus off
g. Electronic Switches, With Neutral Wire:  Load rating of 8 A for lighting and 5.8 A for motor at 120 VAC.
h. Electronic Switches, Without Neutral Wire:  Load rating of 8 A for lighting and 3A for motor at 120 VAC; Load rating of 8 A at 277 VAC.
i. Remote Dimmers:  Capable of providing 3-way or 4-way control from up to 9 additional locations when used in conjunction with wired master dimmer.
j. Remote Switches:  Capable of providing 3-way or 4-way control from up to 9 additional locations when used in conjunction with wired master switch.
B. Lutron HomeWorks QS RF Tabletop Lamp Dimmers:
1. Product:  Lutron Model HQR-3LD.
2. Allows for local dimming control (on/off and raise/lower) of connected table/floor lamps.
3. Power:  Plug-in connection to standard 120 VAC receptacle.
4. Communications:  Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).
5. Dimmer:  High end to be a minimum of 92 percent of line voltage.
6. Load Rating - Incandescent:  300 W.
7. Load Rating - Magnetic Low Voltage:  200 W/300 VA.
8. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.

9. Quantity: As indicated on the drawings.
C. Lutron HomeWorks QS RF Plug-In Modules:

1. Product(s):
a. Lutron Model HQR-3PD-1 Plug-In Dimmer:  Load rating of 300 W for incandescent/halogen and 200 W/300 VA for magnetic low voltage; one receptacle.
b. Lutron Model HQR-15APS-1 Plug-In Switch:  Load rating of 1/2 HP or 15 A for general purpose; three receptacles.
2. Power:  Plug-in connection to standard 120 VAC receptacle.
3. Communications:  Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; does not require communication wiring; RF range of 30 feet (9 m).
4. Dimmer:  High end to be a minimum of 92 percent of line voltage.
5. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
6. Quantity: As indicated on the drawings.
D. Lutron HomeWorks QS Wallbox Power Modules:

1. Product:  Lutron Model HQRJ-WPM-6D.
2. Provides control for up to six lighting zones; furnished with one button for activating default scene.
3. Communications:  Furnished with provisions for both wired low-voltage and wireless (RF) communication links.
a. Wired Communications:  Utilize RS485 wiring for low-voltage communications link.

b. Wireless Communications:  Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; RF range of 30 feet (9 m).
4. Dimmer to meet limited short circuit test as defined in UL 20.
5. Allows for easy reprogramming without replacing unit.

6. Replacement of units does not require reprogramming.

7. Mounting: Wallbox; provide wallplates with concealed mounting hardware.

E. Lutron GRAFIK Eye QS.

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

2. Communications:  Furnished with provisions for both wired low-voltage and wireless (RF) communication links.

a. Wired Communications:  Utilize RS485 wiring for low-voltage communications link.

b. Wireless Communications:  Communicates directly to compatible RF receiving devices through use of a radio frequency communications link; RF range of 30 feet (9 m).
3. Finish: As specified for wall controls in "Device Finishes" under LIGHTING CONTROL SYSTEM - GENERAL REQUIREMENTS article above.
4. Engrave units with button, zone, and scene descriptions to be selected by Architect or Owner.
5. Preset Lighting Control with Zone Override:

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

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

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

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

e. Integral wide angle infrared receiver.

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

6. Preset Shade Control with Zone Override:

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

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

2.12 LOW-VOLTAGE CONTROL INTERFACES

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

B. Contact Closure Interface:

1. Product:  Lutron Model QSE-IO.
2. The contact closure input device to accept both momentary and maintained contact closures.
3. The contact closure output device can be configured for maintained or pulsed outputs.
C. Wallbox Input Closure Interface: 

1. Product: Lutron Model QSE-CI-WCI

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

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

D. Visor Control and Receiver 

1. Product: Lutron Model HQR-VCRX-WH

2. Surface-Mount

3. Power: Furnished with provisions for plug-in connection to standard 120 VAC receptacle via supplied DC adapter.

4. Provides wireless communication inputs for Visor Control Transmitter (LR-3B-H-SW)

5. Provides up to 3 contact closure inputs and 4 contact closure outputs.

E. Sensor Modules:

1. Products:

a. Lutron Model QSM2-4W-C: Both wired and wireless inputs.

2. Modules provide inputs for up to (4) wired occupancy sensors.

3. Modules:

a. Provide wireless communication inputs for:

1) Occupancy sensors.

2) Wireless controller.

b. RF Range: 60 feet (18m) line-of-sight or (9m) through typical construction materials. 

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

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

2.13 WIRED SENSORS
A. Wired Occupancy Sensors:
1. General Requirements:
a. Connects directly to compatible ballasts and modules without the need of a power pack or other interface.

b. Turns off or reduces lighting automatically after reasonable time delay when a room or area is vacated by the last person to occupy the space.
c. Accommodates all conditions of space utilization and all irregular work hours and habits.
d. UL listed.
e. Self-Adaptive:  Continually adjusts sensitivity and timing to ensure optimal lighting control for any use of the space.
f. Furnished with field-adjustable controls for time delay and sensitivity to override any adaptive features.
g. Provide capability to:
1) Add additional timeout system-wide without need to make local adjustment on sensor.
2) Group multiple sensors.
h. Power Failure Memory:  Settings and learned parameters to be saved in non-volatile memory and not lost should power be interrupted and subsequently restored.
i. Furnished with all necessary mounting hardware and instructions.
j. Class 2 devices.
k. Ceiling-Mounted Sensors:  Indicate viewing directions on mounting bracket.
l. Wall-Mounted Sensors:  Provide swivel-mount base.
m. Color:  White.
2. Wired Passive Infrared Sensors:
a. Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-up.
b. Ceiling-Mounted Sensors:  Provide customizable mask to block off unwanted viewing areas.
c. Product(s):
1) Lutron Model LOS-CIR-450-WH:  Ceiling-mounted passive infrared sensor; coverage of 450 square feet (42 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view.
2) Lutron Model LOS-CIR-1500-WH:  Ceiling-mounted passive infrared sensor; coverage of 1500 square feet (140 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view.
3) Lutron Model LOS-WIR-WH:  Wall-mounted passive infrared sensor; coverage of 1600 square feet (149 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 110 degree field of view.
3. Wired Ultrasonic Sensors:
a. Utilize an operating frequency of 32kHz or 40kHz, crystal-controlled to operate within plus/minus 0.005 percent tolerance.
b. Product(s):
1) Lutron Model LOS-CUS-500-WH:  Ceiling-mounted ultrasonic sensor; coverage of 500 square feet (46 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 180 degree field of view.
2) Lutron Model LOS-CUS-1000-WH:  Ceiling-mounted ultrasonic sensor; coverage of 1000 square feet (93 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 180 degree field of view.
3) Lutron Model LOS-CUS-2000-WH:  Ceiling-mounted sensor; coverage of 2000 square feet (186 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 360 degree field of view.
4. Wired Dual Technology Sensors:
a. Passive Infrared:  Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-up.
b. Ultrasonic:  Utilize an operating frequency of 32kHz or 40kHz, crystal-controlled to operate within plus/minus 0.005 percent tolerance.
c. Ceiling-Mounted Sensors:  Provide customizable mask to block off unwanted viewing areas.
d. Isolated Relay:  Provide an internal additional isolated relay with Normally Open, Normally Closed, and Common outputs for use with HVAC control, Data Logging and other control options [where indicated].
e. Integral Photocell:  Provide an integral photocell with adjustable sensitivity to prevent lights from turning on when there is sufficient natural light [where indicated].
f. Product(s), Without Isolated Relay and Integral Photocell:
1) Lutron Model LOS-CDT-500-WH:  Ceiling-mounted dual technology sensor; coverage of 500 square feet (46 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 180 degree field of view.
2) Lutron Model LOS-CDT-1000-WH:  Ceiling-mounted dual technology sensor; coverage of 1000 square feet (93 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 180 degree field of view.
3) Lutron Model LOS-CDT-2000-WH:  Ceiling-mounted dual technology sensor; coverage of 2000 square feet (186 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 360 degree field of view.
4) Lutron Model LOS-WDT-WH:  Wall-mounted dual technology sensor; coverage of 1600 square feet (149 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 110 degree field of view.
g. Product(s), With Isolated Relay and Integral Photocell:
1) Lutron Model LOS-CDT-500R-WH:  Ceiling-mounted dual technology sensor; coverage of 500 square feet (46 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 180 degree field of view; with isolated relay and integral photocell.
2) Lutron Model LOS-CDT-1000R-WH:  Ceiling-mounted dual technology sensor; coverage of 1000 square feet (93 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 180 degree field of view; with isolated relay and integral photocell.
3) Lutron Model LOS-CDT-2000R-WH:  Ceiling-mounted dual technology sensor; coverage of 2000 square feet (186 sq m) with ceiling height of 8 to 12 feet (2.6 to 3.7 m); 360 degree field of view; with isolated relay and integral photocell.
4) Lutron Model LOS-WDT-R-WH:  Wall-mounted dual technology sensor; coverage of 1600 square feet (149 sq m) with ceiling height of 8 to 12 feet (2.4 to 3.7 m); 110 degree field of view; with isolated relay and integral photocell.
B. Sensor Power Packs:
1. Provide sensor power packs where required for power connection to sensors.
2. For ease of mounting, installation and future service, power pack(s) to be able to mount through a 1/2 inch knockout in a standard electrical enclosure and be an integrated, self-contained unit consisting internally of an isolated load switching control relay and a transformer to provide low-voltage power. Transformer to provide power to a minimum of three sensors.
3. Plenum-rated.
4. Control Wiring Between Sensors and Control Units:  Class 2, 18-24 AWG, stranded UL Classified, PVC insulated or TEFLON jacketed cable suitable for use in plenums, where applicable.
C. Wired Daylight Sensors:
1. Lutron CES Series Daylight Control Package (Lutron CES Analog Sensor, LC8 Controller, and Power Pack):
a. Lutron LC8 Controller:
1) Automatically switches a dry contact according to changes in ambient light levels.
2) Fully adjustable separate high and low setpoints, with an adjustable dead band between set points to prevent unwanted cycling.
3) Input time delay to prevent unwanted cycling due to intermittent light level fluctuations.
4) Signal/setpoint and relay status indication.
5) Lutron CES sensor calibration input.
b. Lutron CES Sensors:
1) Class 2, three-wire analog devices.
2) Provision for zero or offset based signal.
3) Constructed with plastic meeting UL94 HB.
4) Indoor Photo Sensors; Model CES/I:  With fresnel lens and 60 degree cone of response; sensor range of 0 to 750 footcandles.
5) Outdoor Photo Sensors; Model CES/O:  Weatherproof, with hood over aperture to shield sensor from direct sunlight; sensor range of 0 to 750 footcandles.
6) Atrium Photo Sensors; Model CES/A:  With translucent dome and 180 degree field of view; sensor range of 2 to 2,500 footcandles.
7) Skylight Photo Sensors; Model CES/S:  With translucent dome and 180 degree field of view; sensor range of 10 to 7,500 footcandles.
D. Infrared Partition Sensors:
1. Product:  Lutron Model GRX-IRPS-WH.

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

2.14 WIRELESS SENSORS
A. General Requirements:
1. Operational life of 10 years without the need to replace batteries when installed per manufacturer's instructions.
2. Communicates directly to compatible RF receiving devices through use of a radio frequency communications link.
3. Does not require external power packs, power wiring, or communication wiring.
4. Capable of being placed in test mode to verify correct operation from the face of the unit.
5. RF Range to RF repeater:  30 feet (9 m) through typical construction materials.
6. Electromagnetic Interference/Radio Frequency Interference (EMI/RFI) Limits:  Comply with FCC requirements of CFR, Title 47, Part 15, for Class B application.
B. Wireless Occupancy/Vacancy Sensors:
1. General Requirements:
a. Provides a clearly visible method of indication to verify that motion is being detected during testing and that the unit is communicating to compatible RF receiving devices.
b. Utilize multiple segmented lens, with internal grooves to eliminate dust and residue build-up.
c. Sensing Mechanism:  Passive infrared coupled with 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.
d. Provide optional, readily accessible, user-adjustable controls for timeout, automatic/manual-on, and sensitivity.
e. Turns off lighting after reasonable and adjustable time delay once the last person to occupy the space vacates a room or area. Provide adjustable timeout settings of 1, 5, 15, and 30 minutes on the sensor; up to 300 minutes in software.
f. Capable of turning dimmer's lighting load on to an optional locked preset level selectable by the user. Locked preset range to be selectable on the dimmer from 1 percent to 100 percent.
g. Capable of triggering shade presets and temperature set points.
h. Color:  White.
i. Provide all necessary mounting hardware and instructions for both temporary and permanent mounting.
j. Provide temporary mounting means to allow user to check proper performance and relocate as needed before permanently mounting sensor. Temporary mounting method to be design for easy, damage-free removal.
k. Sensor lens to illuminate during test mode when motion is detected to allow installer to verify coverage prior to permanent mounting.
l. Ceiling-Mounted Sensors:
1) Provide surface mounting bracket compatible with drywall, plaster, wood, concrete, and compressed fiber ceilings.
2) Provide customizable mask to block off unwanted viewing areas.
m. Wall-Mounted Sensors:  Provide wall or corner mounting brackets compatible with drywall and plaster walls.
2. Wireless Combination Occupancy/Vacancy Sensors:
a. Ceiling-Mounted Sensors:  Programmable to operate as an occupancy sensor (automatic-on and automatic-off), an occupancy sensor with low light feature (automatic-on when less than one footcandle of ambient light available and automatic-off), or a vacancy sensor (manual-on and automatic-off).
b. Wall-Mounted Sensors:  Programmable to operate as an occupancy sensor (automatic-on and automatic-off), or a vacancy sensor (manual-on and automatic-off).
c. Product(s):
1) Lutron Model LFR2-OCR2B-P-WH:  Ceiling-mounted occupancy/vacancy sensor; coverage from 324 square feet (30.2 sq m) to 676 square feet (62.4 sq m) depending on ceiling height from 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view.
2) Lutron Model LFR2-OWLB-P-WH:  Wall-mounted occupancy/vacancy sensor; minor motion coverage of 1500 square feet (139.4 sq m) and major motion coverage of 3000 square feet (278.7 sq m) with mounting height of 6 to 8 feet (1.6 to 2.4 m); 180 degree field of view.
3) Lutron Model LFR2-OKLB-P-WH:  Corner-mounted occupancy/vacancy sensor; minor motion coverage of 1225 square feet (113.8 sq m) and major motion coverage of 2500 square feet (232.3 sq m) with mounting height of 6 to 8 feet (1.6 to 2.4 m); 90 degree field of view.
4) Lutron Model LFR2-OHLB-P-WH:  Hallway occupancy/vacancy sensor; major motion coverage of up to 150 feet (45.7 m) with mounting height of 6 to 8 feet (1.6 to 2.4 m); narrow field of view.
3. Wireless Vacancy-Only Sensors:
a. Operates only as a vacancy sensor (manual-on and automatic-off).
b. Product(s):
1) Lutron Model LFR2-VCR2B-P-WH:  Ceiling-mounted vacancy-only sensor; coverage from 324 square feet (30.2 sq m) to 676 square feet (62.4 sq m) depending on ceiling height from 8 to 12 feet (2.4 to 3.7 m); 360 degree field of view.
2) Lutron Model LFR2-VWLB-P-WH:  Wall-mounted vacancy-only sensor; minor motion coverage of 1500 square feet (139.4 sq m) and major motion coverage of 3000 square feet (278.7 sq m) with mounting height of 6 to 8 feet (1.6 to 2.4 m); 180 degree field of view.
3) Lutron Model LFR2-VKLB-P-WH:  Corner-mounted vacancy-only sensor; minor motion coverage of 1225 square feet (113.8 sq m) and major motion coverage of 2500 square feet (232.3 sq m) with mounting height of 6 to 8 feet (1.6 to 2.4 m); 90 degree field of view.
4) Lutron Model LFR2-VHLB-P-WH:  Hallway vacancy-only sensor; major motion coverage of up to 150 feet (45.7 m) with mounting height of 6 to 8 feet (1.6 to 2.4 m); narrow field of view.
2.15 ACCESSORIES
A. Emergency Lighting Interface:
1. Product:  Lutron Model LUT-ELI.
2. Provides total system listing to UL 924 when used with lighting control system.
3. Senses all three phases of building power.
4. Provides an output to power panels or digital ballast interfaces if power on any phase fails and sends all lights controlled by these devices to [an emergency light level setting] [100 percent intensity]. Lights to return to their previous intensities when normal power is restored.
5. Accepts a contact closure input from a fire alarm control panel.
B. Tamper Proof Covers:

1. Locking covers for preset control units and wall stations:  Reversible to allow lock to be located on either side of control.
2. Compatible with IR controls.
3. Does not reduce specified IR range by more than 50 percent of its original specification.
2.16 SOURCE QUALITY CONTROL

A. Lutron Standard Factory Testing:

1. Perform full-function factory testing on all completed assemblies. Statistical sampling is not acceptable.
2. Perform full-function factory testing on 100 percent of all ballasts.
3. Perform factory audit burn-in of all dimming assemblies and panels at 104 degrees F (40 degrees C) at full load for two hours.
4. Perform factory burn-in of 100 percent of all ballasts at 104 degrees F (40 degrees C).
PART 3   EXECUTION

3.1 EXAMINATION

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

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

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

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

3.2 INSTALLATION

A. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where applicable, NECA 130.
B. Install products in accordance with manufacturer's instructions.

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

D. Mount exterior daylight sensors to point due north with constant view of daylight.
E. Lamp Burn-In:  Operate lamps at full output for prescribed period per manufacturer's recommendations prior to use with any dimming controls. Replace lamps that fail prematurely due to improper lamp burn-in.

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

G. Equipment Integration Meeting Visit; Lutron LSC-INT-VISIT:  Conduct meeting between facility representative, lighting control system manufacturer, and other related equipment manufacturers to discuss equipment and integration procedures.
H. Identify system components in accordance with Section 26 0553.
3.3 FIELD QUALITY CONTROL

A. See article "SYSTEM STARTUP" below for requirements related to testing and inspection.
B. Correct defective work, adjust for proper operation, and retest until entire system complies with contract documents.

3.4 SYSTEM STARTUP

A. Provide services of a manufacturer's certified field service engineer to perform system startup.

B. Lutron Standard Startup Services:

1. Manufacturer's certified field service engineer to conduct minimum of three site visits to ensure proper system installation and operation.
2. Conduct first visit to review requirements with installer as specified in Part 1 under "Administrative Requirements".
3. Conduct second site visit upon completion of lighting control system to perform system startup and verify proper operation:
a. Verify connection of power wiring and load circuits.
b. Verify connection and location of controls.
c. Energize HomeWorks Processors and download system data program.
d. Address devices.
e. Verify proper connection of panel links (low voltage/data) and address panel.
f. Download system panel data to dimming/switching panels.
g. Check dimming panel load types and currents and supervise removal of by-pass jumpers.
h. Verify system operation control by control.
i. Verify proper operation of manufacturer's interfacing equipment.
j. Configure initial groupings of ballast for wall controls, daylight sensors and occupancy sensors.
k. Initial calibration of sensors.
l. Obtain sign-off on system functions.
m. After Hours Start-Up; Lutron LSC-AH-SU:  Perform manufacturer's start-up procedures outside normal working hours (Monday through Friday, 7am to 5pm).
4. Conduct third site visit to train Owner's representative on system capabilities, operation, and maintenance, as specified in Part 3 under "Closeout Activities".
3.5 ADJUSTING

A. Aim and Focus Visit; Lutron LSC-AF-VISIT:  Lighting control manufacturer to visit site to conduct meeting with Engineer, Owner's representative or Lighting Designer to make required lighting adjustments to the system for conformance with original design intent.

3.6 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match original factory finish.

3.7 CLOSEOUT ACTIVITIES

A. Demonstration:

1. On-Site Walkthrough; Lutron LSC-WALK:  Lighting control manufacturer to provide on-site demonstration of system functionality to commissioning agent or facility representative.
B. Training:

1. Include services of manufacturer's certified field service engineer to perform on-site training of Owner's personnel on operation, adjustment, and maintenance of lighting control system as part of standard system start-up services.
2. Additional Training Visit; Lutron LSC-TRAINING:  Lighting control manufacturer to provide one day of additional on-site system training.
3.8 PROTECTION

A. Protect installed products from subsequent construction operations.

3.9 MAINTENANCE

A. System Optimization Visit; Lutron LSC-SYSOPT:  Lighting control system manufacturer to visit site six 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

