CITY OF HOUSTON

STANDARD SPECIFICATION
LED LANECONTROL SIGNAL HEAD


SECTION 16744

LED LANE CONTROL SIGNAL HEAD

PART 1    G E N E R A L

1.01
SECTION INCLUDES


A.
Furnishing and installation of Lane Control Signal (LCS) Heads.

1.02 UNIT PRICES

A. Measurement

1.
The Lane Control Signal Head, Type A, Type B, or other types as required will be measured as each unit furnished, tested, and accepted by the engineer, including any mounting brackets, cables, maintenance equipment, required to provide fully functioning, installed Type A, B, C, and D Lane Control Signal Heads.  Equipment furnished, as spares shall be measured as each functioning unit furnished, tested, and accepted by the engineer. The quantities to be furnished include:

A. Type A Unit Complete with Housing (installed)

B. Type A Unit Complete with Housing (spare)

C. Type A LED Display Module (spare)

D. Type B Unit with Housing (installed)

E. Type B Unit Complete with Housing (spare)

F. Type B LED Display Module (RED X, spare)

G. Type B LED Display Module (GREEN ARROW, spare)

H. Type C LED Unit Complete with Housing (installed)

I. Type C LED Unit Complete with Housing (spare)

J. Type C LED Display Module (spare)

K. Type D LED Unit Complete with Housing (installed)

L. Type D LED Unit Complete with Housing (spare)

M. Type D LED Display Module (spare)

B. Unit Prices

2.  Payment for LED Lane Control Signal Head is on unit price basis for each LED Lane Control Signal Head measured as provided for under “Measurement.”   

3. Refer to Section 01270 – Measurement and Payment for unit price procedures.

C. Stipulated Price (Lump Sum).  If Contract is Stipulated Price Contract, payment for work in this Section is included in total Stipulated Price

PART 2     P R O D U C T S  

2.01 MATERIALS

A. All materials furnished, assembled, fabricated or installed under this Item shall be new, corrosion resistant, and in strict accordance with the details shown on the plans and in the Specifications.  

1. LED LCS Heads, two-way, Type A and Type B units.
2. LED LCS Heads, one-way, Type C and Type D units.
3. Hardware and/or brackets for mast arm mounting, span wire mounting, or other overhead structure as shown on the plans.
4. Electronic Photocell(s) and cabling to provide specified dimming of the LCS’s by direction.

2.02 FUNCTIONAL REQUIREMENTS

A. Furnish Lane Control Signal (LCS) heads for installation on standard span wire, traffic signal mast arms or overhead structures.

B. Type A and Type B lane control signals shall be driven by an LCS Controller as shown on the plans.  The sign controller shall blank any message displayed in the event of power or sign controller failure.
C. Type C and Type D lane control signals (blank out signs) shall be driven by the traffic signal controllers.
D. Transformers and voltage regulators shall be used to reduce the incoming 120 volts AC to 15 volts DC. The transformers shall contain Class A insulation and weatherproofing.
E. The lane control signal (LCS) head shall be capable of displaying all indications shown in the plans.  It shall be a LED unit with dot matrix indications on a flat, black, non- reflective, rectangular face.
F. The signal face for each side of the LCS head shall display the specified combination of the following types of displays, in the quantities as specified on the Plans, or in these bid documents:
	State
	Type A (Two Face)
	Type B (Two Face)
	Type C
	Type D

	0
	Blank
	Blank (Both faces)
	Blank
	

	1
	Green Arrow (Down)
	Green Arrow (Down)  (one face only)
	
	

	2
	Amber X (Yellow)
	
	
	

	3
	Red X
	Red X (one face only)
	
	

	4
	White TWLTL Sym.
	
	
	

	5
	White “LEFT TURN YIELD”
	
	“LEFT TURN YIELD”
	

	6
	Red/White “NO LEFT TURN”
	
	Sym. “NO LEFT TURN”
	

	7
	White         

“R3-8(SPL)”
	
	
	R3-8(SPL) DUAL LEFT

	8
	White          “R3-8(SPL)”
	
	
	R3-8(SPL) SINGLE LEFT


TWLTL = Two Way Left Turn Lane

G. The symbol width and height shall be a minimum of 12 inches for GREEN ARROW, AMBER X, and RED X for both Type A and Type B LCS units.  The symbol width and height shall be a minimum of 19” (W) x 22” (H) for the white TWLTL symbol  The Type A sign housings shall have a LCS signal face width and height of 30 inches.  The Type B sign housings shall have a LCS signal face width and height of 24 inches.  The Type C and Type D sign housings shall have a LCS signal face width of 30 inches and height of 36 inches.
2.03 SIGNAL INDICATIONS

A. For uniformity of messages, all LED’s shall be from the same LED component manufacturer’s bin and have the same LED component manufacturer’s rank.  All LED’s used in a sign shall come from the same LED component manufacturer.
B. Each side of a two-way Lane Control Signal shall be designated by the two display faces, a Type A LCS shall be capable of displaying all four lighted indications on both faces.  A Type B LCS shall be capable of displaying a RED X on one side and a GREEN ARROW on the other.  Two-way signals shall be serviceable from either of the two sides.

C. Two way left-turn lane indications shall be outlined to provide the required visibility.  LCS heads shall be placed at a nominal spacing of 800 feet and in some instances may be located as near as 300 feet from a traffic signal.  As such, the intensity of the light output, especially the GREEN ARROW, must not exceed the light intensity of a typical 12 inch LED traffic signal GREEN BALL indication.

2.04 PHOTOMETRIC REQUIREMENTS

A. Luminous Intensity, Uniformity, & Distribution

1. The optical system shall provide a uniform display across the sign, so that there is no visible difference in luminous intensity from any one pixel to any other pixel, under any brightness level.

2. Each LED LCS shall meet relevant minimum laboratory light intensity values, color (chromaticity), and light output distribution as described in I.T.E. VTCSH (Vehicle Traffic Control Signal Head Standard) Part 2 of the specifications 6.4.2.1, 6.4.4.1, 6.4.4.2, 6.4.4.3, 6.4.5 and 6.4.6 as a minimum.  For a minimum period of 60 months, these minimum light intensity values for the LED modules shall meet the minimum values for light intensity published in the draft (Feb. 28, 2003) version of ITE’s VTCSH specification, Part 3, shall be maintained for the modules under the operating conditions described in Section 4 Photometric Requirements.
3. Color, photometric, and luminance definitions shall conform to the latest standards and recommendations for technical procedures of the International Commission on Illumination (CIE).  Additional color, photometric, and luminance requirements may be further described on the plans.
4. The ratio of maximum to minimum luminance, in no case, shall exceed 10:1.  Contractor shall submit luminance data for LCS heads under at least three distinct ambient background lighting conditions for approval by the Engineer prior to fabrication.
5. All LEDs, except white, shall be manufactured using AlInGaP (Aluminum-Indium-Gallium-Phosphorous) technology or other LEDs with lower susceptibility to temperature degradation than AlGaAs (Aluminum-Gallium-Arsenic). AlGaAs LEDs will not be allowed.

6. White LEDs shall be manufactured using InGaN material technology such as Agilent part number HLMP-CW15, or approved equal.

7. Contrast ratio shall be calculated as Cr = (La - Lb)/Lb, where Cr = contrast ratio, La = measured luminance from the message turned on (active) at the proper ambient illumination level, and Lb = measured luminance from the message turned off (inactive) at the proper ambient illumination level.

Contrast Ratio and Luminance

Values for Red or Green Messages

	Level
	Ambient
	Minimum
	Min.
	Max.

	
	Illuminance
	Contrast
	Luminance
	Luminance

	
	(Lux)
	Ratio
	(CD/M squared)
	(CD/M squared)

	
	
	
	
	

	5
	40,000
	5
	2800
	60,000

	4
	4,000
	5
	500
	10,000

	3
	400
	5
	200
	2,700

	2
	40
	
	100
	2,000

	1
	4
	
	60     
	300

	
	
	
	
	


Contrast Ratio and Luminance

Values for Amber Messages

	Level
	Ambient

	Minimum

	Min.
	Max.

	
	Illuminance
	Contrast
	Luminance
	Luminance

	
	(Lux)

	Ratio

	(CD/M squared)
	(CD/M squared)

	
	
	
	
	

	5
	40,000
	10

	6,200

	120,000

	4
	4,000

	10

	11,100

	21,000

	3
	400

	10

	300

	3,700

	2
	40

	
	200

	2,000

	1
	4

	
	60

	300


Color Coordinates

(EIE 1931 Standard Colorimetric System)

	Red
	X
0.710
	0.700
	0.670
	0.680

	
	Y
0.290
	0.290
	0.320
	0.320

	Amber
	X
0.618
	0.612
	0.546
	0.560

	
	Y
0.382
	0.382
	0.426
	0.440

	Green
	X
0.008
	0.284
	0.183
	0.028

	
	Y
0.720
	0.520
	0.359
	0.385

	White
	X
0.440
	0.285
	0.285
	0.440

	
	Y
0.382
	0.264
	0.332
	0.432


B. Physical.  The assembly and manufacturing process for the LED LCS unit assembly shall be such as to assure all internal LED and electronic components are adequately supported to withstand mechanical shock and vibration from high winds and other sources.

C. Dimming Provision(s).  Photocells shall be located in the Type A, Type C and Type D LCS signs for each sign face. These photocells shall independently dim the LCS signals facing the same direction for that particular array (i.e. all the LCS heads sharing the same mount) The photocells shall give three levels of brightness: night, normal day, and over brightness for horizontal sunlight / sunset.  The photocells shall be oriented per the manufacturer’s recommendation and as approved by the Engineer.  The photocells in the Type A LCS signs shall be interconnected with terminal blocks and appropriate IMSA rated outdoor cabling to provide outputs that will be used to dim the corresponding LCS face of each of the companion Type B LCS’s.  Similarly the Type B LCS units will have a terminal block that allows the units to receive an input from the Type A LCS to affect dimming on each of the two LCS’s faces for the three levels of brightness.  The Contractor shall furnish all necessary wiring and equipment to interconnect the two Type B LCSs with the photocell terminal block located in the Type A LCS.  This use of a single photocell for each direction for each set of three LCS units will maintain a uniform level of light output on all three LCS units at each installation.    Type C LCS units shall be furnished with a single photocell and include dimming provisions of the Type C sign face. Type D LCS units shall be furnished with a single photocell and include dimming provisions of the Type D sign face.

D. Visibility.  The LCS indication shall be clearly visible and legible for 800 feet distance within a maximum 20 degree cone centered about the optical axis under normal atmospheric conditions and under any lighting conditions.  Though visors or hoods shall not be necessary for legibility, visors shall be provided to reduce glare and keep sunlight off of the changeable indications on the LCS faces.  Visors larger than those illustrated on the attached figure may be provided as long as the depth of the visor is ¾ the height of the visor.

2.05 ELECTRICAL REQUIREMENTS

A. Power Requirements

1. Unless otherwise indicated on the plans, the LCS head shall meet all of its specified requirements when the input power is 115 VAC plus or minus 10%, 60 (+ or -) 3 Hz single phase.  The current draw shall be sufficient to ensure compatibility and proper triggering and operation of load current switches and standard conflict monitors.
2. The LED LCS unit shall be designed to sense a loss of light output due to catastrophic LED failures of between 25 and 40 percent.  Loss of light output due to LED failure will not be detected for losses of less than 25 percent but will be detected for any loss of light greater than 40 percent.  The LED unit, upon sensing a valid loss of light, shall present impedance of at least 500 Kohms to the AC line.
3. LED’s shall be selected for their ability to provide the optical performance required by these specifications.  The maximum selectable brightness of an LED shall be limited to 50% of the maximum rated forward current.

4. The hardware design of the LED drivers and circuitry shall be such that the LED’s can never exceed 70% of maximum rated forward current, even when there is a hardware or software failure in the system.  Pulsing of LED’s with instantaneous currents in excess of 70% output, as to achieve overbright, will not be allowed under any conditions.

5. The component manufacturer’s Mean Time Between Failure (MTBF) for the LED’s used with the above operating conditions, shall be 10 years, where a failure is defined as the luminous intensity where the LED is at 50% or less of its original luminous intensity.  The component LED’s shall be rated for 100,000 hours of continuous usage.

6. The failure of an LED in one string within a pixel/cluster shall not affect the operation of any other string.  The LCS shall continue to display a discernable message due to the failure of an LED.

7. The equipment operation shall not be affected by transient voltages, surges and sags normally experienced on commercial power lines.  It shall be the Contractor's responsibility to review the local power service to determine if special design is needed for the equipment.
B. Primary Input Power Interruption.  The equipment shall meet all the requirements concerning power interruption of the National Electrical Manufacturers Association (NEMA) Standard TS 1, latest revision.

C. Power Service Transients.  The equipment shall meet the requirements concerning power service transients of the NEMA Standard TS 1, latest revision.

D. Wiring.  

1. All wiring shall meet the requirements of the National Electric Code.  All wires shall be cut to proper length before assembly.  No wire shall be doubled back to take up slack.  Wires shall be neatly laced into cables with nylon lacing or plastic straps.  Cables shall be secured with clamps.  Adhesive backed cable guides shall not be used.

2. Identify all wiring, where connected to terminal strips, relays, switches, etc., by the use of pre-printed labels of insulated, white, heat-shrinkable, polyolefin sleeving slipped over the wire before attachment of the lug or making the connection.  Print labels with a mechanical device specifically designed for this purpose.  The printing device and label shall be capable of printing and recording at least 15 characters.  Print labels with black ink.  Labels shall carry a legend with sufficient details so that its function can be clearly traced.
3. Signal cables shown on the plans shall be used for each of the signal heads.  If additional wires are required, the Contractor shall install them at no cost to the City of Houston.
E. Grounding.  The LCS unit shall have grounding straps properly bonded for attachment to provide grounding of the housing to the mast arm.

F. Transient Suppression.  All DC relays, solenoids and holding coils shall have diodes across the coils for transient suppression.  All AC contactors shall have snubbers.

G. Power Service Protection.  The equipment shall contain readily accessible, manually resettable or replaceable circuit protection devices (such as circuit breakers or fuses) for equipment and power source protection.

H. Fail Safe.  The equipment shall be designed such that the failure of the equipment shall not cause the failure of any other unit of equipment.

I. Electronic Noise.  The LED LCS and associated circuitry shall conform to the requirements in Federal Communications Commission (FCC) Title 47, Subpart B, Section 15 regulations concerning the emission of electronic noise.

J. Power Factor (PF) and AC Harmonics.  The LED LCS units shall provide a power factor of 0.90 or greater when operated at nominal operating voltages, and 25 degrees C (77 degrees F).  Total harmonic distortion induced into an AC power line by the LED LCS operated at nominal operating voltage, at 25 degrees C (77 degrees F), shall not exceed 20 percent.

2.06 MECHANICAL REQUIREMENTS

A. The case shall not exceed the maximum dimension of 30 inches wide x 36 inches high x 15 inches deep without the approval of the Engineer.  The maximum weight of each individual LCS signal unit Type A with back-to-back signal indications shall not exceed 140 pounds, the Type B with back-to-back signal indications and Type C and D units with one-way indications shall not exceed 90 pounds per unit, without approval of the engineer.

B. The housing shall be anodized sheet aluminum alloy 3003-H14 or an approved equivalent with a minimum thickness of 0.125 inches, with a black front face finish.  As an alternate to anodizing, the face may be painted with a matte black finish in accordance with recommendations by the paint manufacturer in a dust free working environment.  Paint specifications and manufacturer recommendations shall be submitted to the Engineer for approval prior to fabrication.  Structural framing and support members shall be made of aluminum alloy 6061-T6.  Seams shall be continuously welded by the inert gas process.
C. The signal housing case, together with door, and mounting attachments, shall comprise a dust and moisture proof housing for the optical unit, connecting wiring, and terminal block. The signal housing and door, fittings, and accessories shall be of noncorrosive, rust resistant materials capable of withstanding constant exposure to sunlight and corrosive atmospheres, and shall provide adequate strength for the purpose for which it is utilized.  LED’s shall not work loose due to vibration.

D. All corners shall be welded for stability and water tightness. Silicone or other sealants shall not be allowed to seal joints.  One (1) threaded brass liquid tight fitting (bushing) shall be installed on the LCS for securing the field cables and sealing the cable opening.
E. The LCS shall be completely finished in matte black. To eliminate any distractions to the illuminated messages, shiny, reflective or non-black areas shall not be visible from the front of the LCS (including door locks). To avoid any corrosion, or dirt, the door hinge shall be mounted internal to the housing. Front faces of any sort (plastic, Lexan, etc.) shall not be allowed.

F. A ¾ visor shall be provided with each LCS to protect the sign face from direct sunlight during the day.  The depth of the visor shall be ¾ of the height of the visor.

G. A minimum of one (1) mounting hub shall be mounted onto each side of the Type A and Type B LCS housings to allow for connection of mounting hardware provided by the manufacturer for mast arm mounting.  A minimum of two (2) mounting hubs shall be mounted on the back of the Type C and Type D LCS housings to allow for connection of mounting hardware provided by the manufacturer for mast arm or pole mounting.  The inside area of the housing shall be substantially reinforced at the point where the mounting hubs are installed to prevent fatigue cracks.  A sample mounting bracket(s) for the Type A, Type B,Type C, and Type D units shall be furnished with each unit, along with the shop drawings, for approval.

H. In order to enhance the readability of the messages in backlit conditions, the messages shall be surrounded by a flat black area. The total outside dimensions of this area shall be 30 x 30 inches (+/-5 percent) for the Type A LCS, 24 x 24 inches (+/-5 percent) for the Type B LCS, and 30 x 36 inches (+/- 5 percent) for the Type C and Type D LCS.

I. Brackets, anchor bolts and conduit shall be galvanized for corrosion resistance.
J. The front panel of the signal and lens mounts shall be colored black to minimize legibility when the signal is not illuminated. No color at all shall appear on the sign face when not illuminated, regardless of sunlight intensity.
K. Unless otherwise shown on the plans barrier indexed screw type compression clamp terminal strips shall be provided in the signal head for the connection of wires.  The function of each terminal shall be clearly marked and uniquely color-coded.
L. All components shall be readily accessible when either the front or back doors are opened. The only tool required for maintenance or replacement of components shall be simple hand held tools.
M. The signal door shall be equipped with 1/4-turn locks to secure the door in place.
N. The LCS head and brackets to mount the LCS assembly underneath the mast arms shall be able to withstand the wind loading in the Houston area which is located in a 90 mph wind zone.  Appropriate gust factors shall be included. 
1. Modular Design.  The equipment shall be modular in design such that major portions may be readily replaced in the field.  Each display face shall consist of a modular array of LED’s (LED Display Module) that includes all of the various LED legends for the various sign display faces that can be readily removed and replaced in the field with simple tools.  Modules of unlike function shall be mechanically keyed to prevent insertion into the wrong socket or connector.  All modules and assemblies shall be clearly identified with name, model number, serial number and any other pertinent information required to facilitate equipment maintenance as may be determined by the Engineer.

2. Connectors and Harness.  All external connections shall be made by means of connectors. The connectors shall be keyed to preclude improper hookups.  All wires to and from the connectors shall be color coded and/or appropriately marked in accordance with Paragraph 2.05 D.

3. Environmental Design Requirements.  The LCS heads shall meet all of the specified requirements during and after subjection to any combination of the following requirements:
a. Ambient operating temperature range of -40°C (-40°F) to +74°C (+165°F).
b. Temperature shock not to exceed 30°F per hour, during which the relative humidity shall not exceed 95%.
c. Relative humidity range not to exceed 95% over the temperature range of 40°F to 110°F.
d. Moisture condensation on all surfaces caused by temperature changes.
i. Primary Power Variation.  Unless otherwise shown on the plans, the equipment shall meet the specified performance requirements when the input voltage is plus or minus 10% from the nominal value of 115 volts.

ii. Relative Humidity.  The equipment shall meet the specified performance requirements when subjected to a temperature and relative humidity of 165°F and 22 percent respectively.  The equipment shall be maintained at the above condition for 48 hours.

iii. Vibration.  The equipment shall show no degradation of mechanical structure, soldered components, plug in components or satisfactory operation in accordance with the manufacturer's equipment specifications after being subjected to the vibration test as described in NEMA standard TS 1, latest revision.

e. The LCS head shall be protected against dust and moisture intrusion per the requirements of MIL-STD-810F procedure I Rain and Blowing Rain.  The test is to be conducted on a stand-alone unit.

f. The LCS shall consist of a housing that is a sealed watertight enclosure that eliminates dirt contamination and allows for safe handling in all weather conditions.  Moisture resistance testing shall be performed on LCS heads in conformance with the requirements in NEMA Standard 250-1991 for Type 4 enclosures.  Evidence of internal moisture after testing shall be cause for rejection.

PART 3    E X E C U T I O N

3.01 CONSTRUCTION METHODS

A. General

1. The equipment design and construction shall utilize the latest available techniques with a minimum number of different parts, subassemblies, circuits, cards and modules to maximize standardization and commonality.

2. All components shall be standard off-the-shelf items.  The equipment shall be designed for ease of maintenance.  All component parts shall be readily accessible for inspection and maintenance.  The only tools and test instruments required for maintenance by maintenance personnel shall be simple hand held tools, basic meters and oscilloscopes.  Test points shall be provided for checking essential voltages and waveforms.
3. All text, markings, diagrams or labels shall be silk screened on housings or panels, or chemically etched in place, on circuit boards.
B. Mechanical Components.  All external screws, nuts and locking washers shall be stainless steel.  No self-tapping screws shall be used in the aluminum housing.  All parts shall be made of corrosion resistant material, such as stainless steel, aluminum or brass.  All materials used in construction shall be resistant to fungus growth and moisture deterioration.  Dissimilar metals apt to corrode through electrolysis under the environmental operating conditions specified shall be separated by an inert dielectric material.
C. Assembly Process.   The assembly and manufacturing process for the module shall be designed to assure all internal LED and electronic components are adequately supported to withstand mechanical shock and vibration from high winds and other sources.
3.02 TESTING REQUIREMENTS

A. Each new LCS head shall be energized for a minimum of 24 hours at operating voltage and at a temperature of +60 degrees C (+140 degrees F) in order to cause any electronic infant mortality to occur, and to ensure electronic component reliability prior to shipment.

B. Performance Testing

1. It is the practice of the City of Houston to require performance testing of all materials and equipment not previously tested and approved. If technical data is not considered adequate for approval, samples may be requested for testing by the Engineer. Contract period will not be extended for time lost or delays caused by testing prior to final City of Houston approval of any materials and/or equipment.

2. Unless otherwise specified, the Contractor is responsible for satisfying all inspection requirements prior to submission for the Engineer's inspection and acceptance. The Engineer reserves the right to witness all demonstration and stand alone tests.

3. The results of each test shall be compared with the requirements specified herein. Failure to conform to the requirements of any test shall be counted as a defect, and the equipment shall be subject to rejection by the Engineer. Rejected equipment may be offered again for retest provided all noncompliance issues have been corrected and retested by the Contractor and evidence thereof submitted to the Engineer.

4. The tests on all of one (1) type of equipment must be completed within five (5) days and any delays in performing all these tests will result in the Contractor paying the additional costs of providing the Engineer's representatives for the additional testing.

5. Final inspection and acceptance of equipment shall be made after installation at the destination specified, unless otherwise specified herein.
C. Design Approval Tests.  The Contractor shall conduct design Approval Tests on one (1) or more sample equipments of each type, as approved by the Engineer, to determine if the design of the equipment meets the requirements of this specification. All tests shall be conducted in accordance with the approved test procedure as described in these specifications. The Engineer shall be notified a minimum of 25 working days in advance of the time when these tests are to be conducted.

1. Temperature and Condensation.  

a. The equipment operational test for the Factory Demonstration Tests (FDT) shall be successfully performed under the following conditions in the order specified below:

i. The equipment shall be stabilized at 0(F. After stabilization at this temperature, the equipment shall be operated without degradation for two (2) hours.

ii. Moisture shall be caused to condense on the equipment by allowing it to warm up to room temperature in an atmosphere having relative humidity of at least 90 percent and the equipment shall be satisfactorily operated for two (2) hours while wet.

b. The equipment shall be stabilized at 140(F. After stabilization, the equipment shall be satisfactorily operated for two (2) hours without degradation or failure.

2. Primary Power Variation.  The equipment shall meet the specified performance requirements when the input voltage is plus or minus 20 volts from the nominal value of 115 volts. The equipment shall be operated at the extreme limits for at least 15 minutes during which the operational test of the FDT shall be successfully performed.

3. Relative Humidity.  The equipment shall meet its performance requirements when subjected to a temperature and relative humidity of 140(F and 95 percent respectively. The equipment shall be maintained at the above condition for 48 hours. At the conclusion of the 48-hour soak, the equipment shall meet the requirements of the operational test of the FDT within 30 minutes.

4. High Frequency.  The equipment shall meet the requirements of the operational test of the FDT when subjected to the high frequency and voltage transient interference specified in Section 2.1.6 "Transient, Power Service" of the NEMA standard TS1-1989 or latest revision.

5. Vibration.  The equipment shall show no degradation of mechanical structure, soldered components, plug-in components, or satisfactory operation in accordance with the manufacturer's equipment specifications after being subjected to the vibration tests as described in Section 2.2.5 "Vibration Test" of the NEMA standard TS1-1989 or latest revision.

6. Consequences Of Design Approval Test Failure.  Design Approval Tests shall be performed on units randomly selected from the prototype design manufacturing run, or if only one (1) design prototype is manufactured, they shall be performed on that unit. If the unit fails the Design Approval Test, the design fault shall be corrected and the entire Design Approval Test shall be repeated. All deliverable units shall be modified, without additional costs to the City of Houston to include design changes required to pass the Design Approval Tests.

D. Factory Demonstration Tests.  The Contractor shall be responsible for conducting Factory Demonstration Tests on all units at the manufacturer's facility. These tests shall be performed on each unit supplied. The City of Houston shall be notified a minimum of 25 working days before the start of the tests. All tests shall be conducted in accordance with the approved test procedure of Paragraph 3.02 F.  All tests shall be conducted in accordance with this specification. Each unit will pass each of the following tests:

1.
Examination of Product. Each unit shall be examined carefully to verify that the materials, design, construction, markings and workmanship comply with the requirements of the parent specification.

2.
Continuity Tests.  The wiring shall be checked to determine conformance with the requirements of the appropriate paragraphs in the parent specification.

3.
Operational Test.  Each unit shall be operated for at least 15 minutes to permit equipment temperature stabilization, and to check and record an adequate number of performance characteristics to ensure compliance with the requirements of the parent specification.

4.
Consequences of Demonstration Test Failure.  If any unit fails to pass the Demonstration Test, the unit shall be corrected or another unit substituted, at the discretion of the manufacturer, and the Demonstration Test successfully repeated.  Minor discrepancies noted in testing of the item shall be corrected within a maximum of 30 days of written notice of the discrepancies.  Major discrepancies that in the opinion of the Engineer will substantially delay receipt and acceptance of the item will be cause for rejection of the item.

If a unit has been modified as a result of a Demonstration Test failure, a report shall be prepared and delivered to the Engineer prior to installation of the unit.  The report shall describe the nature of the failure and the corrective action taken.

If a failure pattern develops among similar units, the Engineer may direct that design and construction modifications be made to all units without additional cost to the City or an extension of the contract period.

E. Stand-Alone Tests.  

1. The Contractor shall conduct an approved Stand-Alone Test of the equipment installation at the field site. The test shall, as a minimum, exercise all stand-alone functional operations of the field equipment with all of the equipment installed per the plans or as directed by the Engineer. Approved data forms shall be completed and turned over to the Engineer as the basis for review and rejection or acceptance. At least five (5) working days notice shall be given prior to all tests to permit the Engineer or his representative to observe each test.

2. If a unit fails to pass its Stand-Alone Test, the unit shall be corrected or another unit substituted in its place and the test successfully repeated.

3. If a unit has been modified as a result of a Stand-Alone Test failure, a report shall be prepared and delivered to the Engineer prior to retesting of the unit. The report shall describe the nature of the failure and the corrective action taken. If a failure pattern, as defined by the Engineer, develops, the Engineer may direct that design and construction modifications be made to all units without additional cost or extension of the contract period.

F. Test Procedures.  The Contractor shall provide all design approval, factory demonstration and Stand-Alone Test procedures and data forms for the Engineer's approval. The test procedures shall include the sequence of conducting the tests. The test procedures shall have the Engineer's approval prior to submission of equipment for tests. The Contractor shall furnish data forms containing all of the data taken, as well as quantitative results for all tests. The data forms shall be signed by an authorized representative (company official) of the equipment manufacturer. At least one (1) copy of the data forms shall be sent to the Engineer.

G. Samples.  A sample prototype for the Type A, Type B, Type C and Type D LED LCS units, one each, shall be provided for evaluation and testing by the engineer, prior to fabrication of the remaining units.  In addition, a sample mounting unit shall be provided for evaluation, testing, and approval prior to fabrication of the remaining units.  Contractor shall be required to assist in the conduct of a field test of the sample units in one location, as selected by the engineer.  Test location will be in the City of Houston as directed by Engineer.  Contractor shall furnish a bucket truck, generator, and electric power cable to allow positioning of the prototype unit over the travel lane to evaluate the light intensity levels to confirm the applicability of the units.  Testing shall require no more than two 2 hour periods, as required by the Engineer. Testing shall be performed.   Prototype units shall be paid for at the unit price bid for the respective LCS type.

H. Maintenance Equipment:  Ten percent of the total number of each component LED, red, green, yellow, and white, shall be provided with the LED LCS’s.  For every ten LED’s of each color provided for the total number of component light-emitting diodes provided in all of the LCS units, one spare replacement component LED will be provided.  All individual component LED’s shall be from the same LED component manufacturer’s bin and have the same LED component manufacturer’s rank.  All LED’s used in a sign shall come from the same LED component manufacturer.  If LED component manufacturers differ, the component LED’s shall be provided in the appropriate quantity for each bin and/or rank and shall be provided in marked containers for the different manufacturers.  One (1) set of hand tools necessary to open the signs for maintenance purposes shall be provided for every ten (10) signs furnished.
3.03 TRAINING

A. Training shall be provided by the manufacturer.  A minimim of two-four (4) hour sessions will be provided at a City of Houston location to be determined,

B. Operational and maintenance training shall be provided to designated personnel during installation, testing and debugging.  This training shall be provided through practical demonstrations, seminars and other related technical procedures.  Training will be limited to a maximum of ten (10) people and shall be provided at a time and location approved by the Engineer.  The training shall include, but not be limited to, the following:

1. "Hands-on" operation for each type of equipment.

2. Proper installation.

3. Required preventative maintenance procedures.  

4. Servicing procedures and component repair.  

5. System "troubleshooting" or problem identification procedures.

C. The manufacturer shall submit an outline of the proposed training material to the Engineer for approval at least 30 days before the training is to begin.

3.04 DOCUMENTATION

A. Twenty-five (25) complete sets of operation and maintenance manuals shall be provided. The manuals shall, as a minimum, include the following:

1. Complete and accurate installation wiring guide.

2. Contact name, address, and telephone number for the representative, manufacturer, or distributor for warranty repair.

3. Complete and accurate schematic diagrams for LCS and all electronics.

4. Complete and accurate installation procedures.

5. Complete performance specifications (functional, electrical, mechanical and environmental) on the unit.

6. Complete parts list including names of vendors for parts not identified by universal part numbers such as JEDEC, RETMA or EIA.

7. Pictorial of components layout on circuit board.

8. Pictorial layouts for signal indications and the LCS housing.

9. Complete maintenance and trouble-shooting procedures.

10. Complete stage-by-stage explanation of circuit theory and operation.

11. Copy of test report certified by an independent laboratory that the LED LCS model furnished meets I.T.E. Standards for light distribution and chromaticity for the specified colors.

12. An electronic copy of all documentation and schematics shall be provided on CD-ROMs.

3.05 WARRANTY

A. Equipment furnished and installed for this project shall be guaranteed to perform according to the manufacturer's published specifications. Equipment shall be warranted against defects and/or failure in design, materials and workmanship in accordance with the manufacturer's standard warranty.  If any one LED component should fail, it should be easily identifiable by visual inspection and replaced or repaired per the warranty.

B. LED LCS Display Module shall meet or exceed 85 percent of the standard light output values specified in the I.T.E. VTCSH after 60 months of continuous use over the temperature range of –40 degrees C to +74 degrees C.

C. The measured chromaticity coordinates of light emitting diode signal modules shall conform to the requirements for chromaticity in Section 8.04 and Figure 1 of the I.T.E. VTCSH over the temperature range of –40 degrees C to +74 degrees C.

D. Manufacturer shall provide a written warranty against defects in materials and workmanship for LED LCS, the LED Display Modules, and the individual LED’s incorporated into the LCS Display Module for a period of 60 months after installation of the LED LCS.  City of Houston shall certify LCS “turn-on” date for each LCS.  Manufacturer, may witness installation and turn-on, to verify that installation procedures and turn-on date are correct.

E. Replacement LED Display Modules, LED LCS, or component LED’s shall be provided within five (5) days after receipt of failed equipment at no cost to the City of Houston or METRO, except the cost of shipping the failed units.

F. Warranty requirements shall apply to the prototypes required under this project.
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