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SECTION 952—CONTROLLER ASSEMBLY


952.1 DESCRIPTION—This work is the furnishing and installation of a traffic signal controller assembly of the type indicated.


952.2 MATERIAL— Sections 953.2, 954.2, 955.2, 1104.01, and 1104.03 and as follows: 

(a) General. 

· Class A Cement Concrete--—Section 704 
· Caulking Compound--—Section 705.8(b) 
· Traffic Signals-General—Section 950.2
· Traffic Signal Systems & Communications—Section 953.2 
· Electrical Distribution—Section 954.2 
· Signal Heads—Section 955.2 
· Certification—Section 106.03(b)3

(b) Controller Assembly-Type of Operation.

1. High Resolution Controller Event Logging.
0. Provide high resolution controller event logging conforming to the Indiana Traffic Signal Hi Resolution Data Logger Enumerations according to the Joint Transportation Research Program and authored by Li, H., A. M. Hainent, J. R. Sturdevant,  T. Atkinson,, S. Talukder,  D. M. Bullock, D. Nelson, D. M. Mass, Jr., J. Fink, and T, Stiles. Indiana Traffic Signal Hi Resolution Data Logger Enumerations. Indiana Department of Transportation and Purdue University, West Lafayette, Indiana, 2019. doi: 10.5703/1288284316998. (http://docs.lib.purdue.edu/jtrpdata/4/).  
0. Allow log files to be retrievable by a remote connection or a local connection. Provide and enable functionality to automatically back up the log files to external storage (USB flash drive or SD card).  Log files shall be retained within the controller’s local memory for a minimum of 24 hours and archived on external storage within the cabinet for a minimum of 365 days. Log files shall be provided in comma separated text (CSV) format containing the event timestamp, event code and event parameter on each line. If the log files are in a different format, the manufacturer shall provide a translator tool which converts the log files to CSV format. The translator tool shall be able to be run from the command line for files to be batch converted.

2. Operational Requirements.
0. NTCIP 1202---Object Definitions for Actuated Traffic Signal Controllers (ASC)
0. Cycles—Three minimum or as indicated.
0. Splits—One per cycle minimum or as indicated.
0. Settable Offsets—Three per cycle or as indicated.
0. Cycle Duration—30 seconds to 120 seconds, in 1-second increments or as indicated. 
0. Signal Circuits—12 minimum, wired for 18, including terminal blocks.
0. Variable Initial Timing—Maximum variable initial timing programmable from 0 to 60 seconds.
0. Gap Reduction Timings—As indicated.
0. Time Before Reduction (TBR) —As indicated.
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3. Interconnect.
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Initial Edition
0. Offsets—1, 2, 3, or as indicated.
0. Cycle—Call Cycle 2; Call Cycle 3.
0. Flashing—Remote flashing.
0. Voltage—95 V to 135 V (ac), 57 Hz to 63 Hz.
0. Input—Positive true.
0. Fuse—Ampacity per manufacturer's recommendations.
0. Isolation—Remote common from local ground.

(c) Controller Assembly- Controller Unit.

1. NEMA Controller Unit.

1.a Standards.
· TS 1, Section 2, Environmental Standards and Test Procedures
· TS 1, Section 13, Interface Standards
· TS 1, Section 14, Solid-State Traffic Signal Controller Units
· L1-1, Type FR-4, Circuit Boards (pre-timed operation)
· TS-2, Section 2, Environmental Standards and Test Procedures
· TS-2, Section 3, Controller Standards and Coordination
· TS-2, Section 5, Interface and Electrical Standards
· TS-2, Section 8, Bus Interface Unit Requirements

1.b Controller Requirements.
· All hardware and software must be according to NEMA TS-1, TS-2 standards, and as directed by the Representative. 
· An approved plug-in Hand Control with cord is required in all cabinets, and a method to switch the signal controller from automatic to manual control.
· Include ability to accept a contact closure (or open controller output) to reset clock on controller at a predetermined hour each day (typically 2:00 AM).
· Provide communication equipment as indicated and in accordance with Section 953.2.
· Controller shall be IP/Ethernet enabled for communications on IP networks. 

1.c Conflict Monitor.
· TS 1, Section 6, Conflict Monitor.
· TS 2, Section 2.3, Malfunction Management Unit Test.
· TS 2, Section 4, Malfunction Management Unit.
· Conflict monitor shall monitor absence of red indications and be compatible with Flashing Yellow Arrow permitted left turn operation.
· IP/Ethernet enabled for communications on IP networks.

A minimum of one input channel for each load switch socket as specified in Section 952.2(c)1.e.

1.d Flasher Unit.
· TS 1, Section 8, Solid State Flasher.
· TS 2, Section 2.6, Flasher Tests.
· TS 2, Section 6.3, Solid-State Flasher.

1.e Load Switches.
· TS 1, Section 5, Solid-State Load Switches.
· TS 2, Section 2.5, Load Switch Tests.
· TS 2, Section 6.2, Three-Circuit Solid State Load Switch
· Operational Features: Provide Light Emitting Diode (LED) indicators to display operation. Isolate signal load from load switch input using optic couplers. Furnish a minimum of one load switch for each of the following active controller unit functions:
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· Vehicle Phase.
· Overlapping Vehicle Phase.
· Pedestrian Phase.

1.f Cabinet. Furnish a weatherproof controller cabinet, large enough to suitably house the traffic signal controller unit and auxiliary equipment, and conforming to the following requirements:

0. Enclosure.
0. Material—Sheet or cast aluminum.
0. Wall Thickness—1/8-inch minimum, reinforced where required.
0. Minimum Size—As shown on the Standard Drawings and as follows:
Position equipment in the cabinet to provide access to all terminal strips and equipment from the front without removing other equipment. Provide an unobstructed view of all equipment having visual indicators. Place all equipment in an upright position and not on top of other equipment.

Provide Department approved controller cabinet with adequate room for all necessary
equipment and cable. Provide stainless steel 5/8-inch handle designed for the door(s) and a full height, continuously welded, piano hinge. Continuously weld all joints of the cabinet. Provide a pull-out shelf to double as a storage container for wiring diagrams, plans, and timing sheets.

Provide a twist lock receptacle and transfer switch for power provided by an emergency generator during power outages. Access to the twist lock receptacle and the transfer switch thorough the use of a locked police door using a No. 2 key or standard police key.

Provide generator adaptor kit as specified in Section 954.2(i).

Provide door with continuous stainless-steel door hinge on right side, door stop at 90 degrees and 180 degrees, ± 10 degrees, for all doors over 22 inches wide, auxiliary door for access to police panel, pocket for prints.

0. Type I Cabinet Extension – The cabinet shall be provided with a base extension of not less than 18 inches nor more than 36 inches or as indicated. If an Uninterruptible Power Supply is to be provided include a shelf for the Uninterruptible Power Supply unit and associated batteries.

0. Auxiliary Cabinet - At locations where traffic signal equipment is to be installed in an existing controller assembly where physical space constraints preclude installation in the existing cabinet, provide auxiliary cabinet assembly, either:
1. Attached to existing Ground Mounted Controller cabinet with bottom of auxiliary cabinet resting on top of existing cabinet foundation; or
1. Pole-mounted, located adjacent to the existing pole-mounted cabinet.
Provide cabinet that meets or exceeds applicable specifications herein for a traffic signal controller assembly.
0. Hardware—Vandal and corrosion resistant.
0. Finish—Natural with external welds free of irregularities and a maximum bead height of 1/8-inch.
0. Gaskets—Neoprene, attached with an oil resistant adhesive.
0. Mountings—As indicated, pole or foundation.
0. Locks—Brass, tumbler type for main door and standard police lock for auxiliary door; two keys for each lock.
0. Latching Mechanism—One point-through mechanism for doors less than 22 inches in width; three point-through mechanism for doors 22 inches or wider.
0. Interior—Shelf-mounted equipment, unless rack or panel-mounted.
0. LED light/bar with in-door switch.
0. Spring-loaded door switch in the upper right corner of cabinet opening for use as a “door open” alarm. If the controller cabinet is connected to an RTMC or central system, the “door open” alarm shall place a notification to the RTMC or central system.
0. Test Pushbutton Panel—One pushbutton to each input for simulated detector operation of vehicles and pedestrians with type and phase permanently labeled on panel. Mount panel on inside of door.
0. Back panels, wiring and terminals shall accommodate at a minimum 8 phases Actuated. There shall be a minimum of 12 to 16 Load Switch Sockets, with a minimum of 2 unused sockets per unit.

0. Fan and Ventilation.

1. Fan and vent system providing 200 cubic feet of free air delivery per minute (2x100 CFM fans).
1. Vents equipped with standard-size, replaceable fiberglass filters.
1. Vents that prohibit the entrance of rain or snow. 
1. Cabinet equipped with an adjustable thermostat connected to control the fans.
1. Manually adjustable thermostat with a calibrated scale. Thermostat adjustable within the range of at least 55F degrees to 140F degrees.
1. Thermostat with contacts rated for at least eight amperes at 120 volts AC.
1. Thermostat capable of turning the fan on at the set temperature and turning the fan off when the temperature is five degrees below the set temperature.  The activation temperature shall be set by the cabinet manufacturer based on their recommendations.
1. A temperature sensor shall provide an alarm for cabinet overheating.  Activate the alarm at 150F degrees.  If the controller cabinet is connected to an RTMC or central system, the temperature alarm shall place a notification to the RTMC or central system.

2. Type 2070 Controller Unit.

2.a Standards. Comply with current Type 2070 controller industry standards.

2.b Controller Requirements.

· Program module as approved
· Communications module as approved
· Processor module as approved
· Power supply module as approved
· The 2070 microcomputer is to have a vertical board design with separate input and output boards.
· Include ability to accept a contact closure (or open controller output) to reset clock on controller at a predetermined hour each day (typically 2:00 AM).
· Equip the controller with four serial communication ports and one Ethernet port, each capable of communicating at speeds up to 9600 bits/sec. The port assignments are to be as follows:
· Port 1: Internal Modem
· Port 2: PC Laptop Connection
· Port 3: Conflict Monitor Communication
· Port 4: Future Use
· Port 5: Ethernet
· Provide 2070-1E or 2070-1C prom module.
0. Data retention in the absence of Controller Voltage (Vcc).
0. Data is automatically protected during power loss.
0. Directly replaces 8K x 8 volatile static RAM or EEPROM.
0. Unlimited write cycles.
0. Low-power CMOS.
0. Over 50 years of data retention.
0. Standard 28-pin JEDEC pin out.
0. 200 ns read access time.
0. Read cycle time equals write cycle time.
0. Lithium energy source is electrically disconnected to retain freshness until power is applied for the first time.
0. Industrial temperature range of -40F to 185F.
· Furnish all controller assemblies so that the controller returns to normal operation from time clock flash automatically.
· An approved plug-in hand control with cord is required in all cabinets, and a method to switch the signal controller from automatic to manual control.
· Provide for automatic return to flashing operation when lost electrical service has been restored.
· The "Flash Sense", "Stop Time", and "Cabinet Door Open" functions to be optically isolated but capable of operating without a Model 242 DC isolator.
· Provide pre-wired input file with a minimum of eight inputs and equipped with Model 242 Two- Channel DC isolators. Supply the required number of Model 242 DC isolators, plus one spare, for each intersection. Also, provide slots and internal wiring for two future model 224 four- channel loop sensing units.
· Provide Fiber Modem (as specified per the system) for the communication between local controller and master controller. Clean and connect fiber-optic cable to the new controller using procedures described in current Department and industry guidelines –FOA.
· Provide software as directed by special provision unless provided by the municipality.
· Controller shall be IP/Ethernet enabled for communications on IP networks

2.c Conflict Monitor. Provide Model 2070 Malfunction Management Unit. Exception: When mounted in a 336 cabinet provide conflict monitor using SDLC interface.
Equip the conflict monitor with a programmable SDLC interface capable of communicating with the 2070 Microcomputer. The conflict monitor, when polled by a system compatible 2070 Microcomputer, is to return information including, but not limited to, the status of all monitored inputs and events stored in non-volatile memory. Also monitor the absence of a red indication along with normal conflicts, and perform all the functions required by a conflict monitor, including the following features:
· Monitoring the absence of signal on any channel.
· Include three preemption inputs to disable red monitoring.
· Include red signal monitoring interface through front panel connector.
· Detect simultaneous display of GREEN and YELLOW on a channel.
· Detect simultaneous display of GREEN and RED on a channel.
· Detect minimum YELLOW display following a GREEN on a channel.
· Store of up to 64 events.
· Inform 2070 controller of a resetting via a communication port.
· Monitor incoming line voltage.
· Conflict monitor shall monitor absence of red indications and be compatible with Flashing Yellow Arrow permitted left turn operation.
· IP/Ethernet enabled for communications on IP networks.

A minimum of one input channel for each load switch socket as specified in Section 952.2(c)3.e.

2.d Flasher Unit.
· TS 1, Section 8, Solid State Flasher.
· TS 2, Section 2.6, Flasher Tests.
· TS 2, Section 6.3, Solid-State Flasher.

2.e Load Switches.
· TS 1, Section 5, Solid-State Load Switches.
· TS 2, Section 2.5, Load Switch Tests.
· TS 2, Section 6.2, Three-Circuit Solid State Load Switch
· Provide Type 2070 Switch Packs
· Provide a minimum of eight, maximum of twenty pre-wired switch positions as indicated.
· Provide a switch pack is to be of a repairable, modular type construction.
· Provide a minimum of four flash transfer relays.
· Operational Features: Provide LED indicators to display operation. Isolate signal load from switch pack input using optic couplers. Furnish a minimum of one switch pack for each of the following active controller unit functions:
0. Vehicle Phase.
0. Overlapping Vehicle Phase.
0. Pedestrian Phase.

2.f Cabinet.  Furnish a weatherproof controller cabinet, large enough to suitably house the traffic signal controller unit and auxiliary equipment, and conforming to the following requirements:

2.f.1 Enclosure.
· Material—Sheet or cast aluminum.
· Wall Thickness—1/8-inch minimum, reinforced where required.
· Minimum Size—As indicated and as follows:
Position equipment in the cabinet to provide access to all terminal strips and equipment from the front without removing other equipment. Provide an unobstructed view of all equipment having visual indicators. Place all equipment in an upright position and not on top of other equipment.

Provide Department approved Type 2070 controller cabinet with adequate room for all necessary equipment and cable. Provide a stainless steel 5/8-inch handle designed for the door(s) and a full height, continuously welded, piano hinge. Continuously weld all joints of the cabinet. Provide a pull-out shelf to double as a storage container for wiring diagrams, approved plans, and timing sheets.

Provide a twist lock receptacle and transfer switch for power provided by an emergency generator during power outages. Access to the twist lock receptacle and the transfer switch through the use of a locked police door using a No. 2 key or standard police key.

Provide generator adaptor kit as specified in section 954.2(i).

The latching mechanism will be a three-point draw roller. Equip the large cabinet door with a spring lock, which can be opened only by a key. Equip the smaller compartment door with a similar spring lock, which can be opened only by a standard police box key.

An approved plug-in hand control is required in all cabinets and a method to switch the signal controller from automatic to manual control.

· Type I Cabinet Extension – The cabinet shall be provided with a base extension of not less than 18 inches nor more than 36 inches or as indicated. If an Uninterruptible Power Supply is to be provided include a shelf for the Uninterruptible Power Supply unit and associated batteries.

· Auxiliary Cabinet - At locations where traffic signal equipment is to be installed in an existing controller assembly where physical space constraints preclude installation in the existing cabinet, provide auxiliary cabinet assembly, either:
1. Attached to existing Ground Mounted Controller cabinet, with bottom of auxiliary cabinet resting on top of existing cabinet foundation; or
1. Pole-mounted, located adjacent to the existing pole-mounted cabinet.
Provide cabinet that meets or exceeds applicable specifications herein for a traffic signal controller assembly.

· Hardware—Vandal and corrosion resistant.
· Finish—Natural with external welds free of irregularities and a maximum bead height of 1/8- inch.
· Gaskets—Neoprene, attached with an oil resistant adhesive.
· Mountings—As indicated, pole or foundation.
· Locks—Brass, tumbler type for main door and standard police lock for auxiliary door; two keys for each lock.
· Police Panel—Furnish with the following switches:
· Auto—Flash
· Lights (ON—OFF)
· Auto—Manual
· Provide 12 inch hand control cable in panel. The police panel shall be large enough to adequately store the hand control cable.
· LED light/bar with in-door switch.
· Spring-loaded door switch in the upper right corner of cabinet opening for use as a “door open” alarm. If the controller cabinet is connected to an RTMC or central system, the “door open” alarm shall place a notification to the RTMC or central system.
· Test Pushbutton Panel—One pushbutton to each input for simulated detector operation of vehicles and pedestrians with type and phase permanently labeled on panel. Mount panel on inside of door.
	
2.f.2 Fan and Ventilation.

· Fan and vent system providing 200 cubic feet of free air delivery per minute (2x100 CFM fans).
· Vents equipped with standard-size, replaceable fiberglass filters.
· Vents that prohibit the entrance of rain or snow. 
· Cabinet equipped with an adjustable thermostat connected to control the fans.
· Manually adjustable thermostat with a calibrated scale. Thermostat adjustable within the range of at least 55F degrees to 140F degrees.
· Thermostat with contacts rated for at least eight amperes at 120 volts AC.
· Thermostat capable of turning the fan on at the set temperature and turning the fan off when the temperature is five degrees below the set temperature.  The activation temperature shall be set by the cabinet manufacturer based on their recommendations.
· A temperature sensor shall provide an alarm for cabinet overheating.  Activate the alarm at 150F degrees. If the controller cabinet is connected to an RTMC or central system, the temperature alarm shall place a notification to the RTMC or central system.
   
3. Advanced Transportation Controller Unit

3.a Standards. Provide a controller cabinet assembly that includes an ATC (Advanced Transportation Controller) timer unit and a cabinet meeting the specifications as described below:
· For the purposes of interfacing with the Department's unified command and control system, provide one of the following:
1. The complete Management Information Bases (MIBs) for the controller firmware to ensure compatibility of both ends of the communications link.  Notify PennDOT when new MIBs are released and provide them when requested for the life of the controller. Controller manufacturer shall retain ownership of the MIB and grant PennDOT and its contractors a license to use the MIB for interfacing with the controller through the unified command and control system. PennDOT will keep the MIB confidential, proprietary, and will not redistribute or reuse the MIB for other purposes.
2. MIBs which match the objects provided by the Department’s unified command and control system. Controller manufacturer shall provide validation testing of the MIB mapping to the unified command and control system.
· Future controller firmware updates must be submitted to PennDOT for testing with the unified command and control software prior to being installed on controllers. 
· Provide functionality to back up the controller database to external storage (USB flash drive or SD card) after any programming change (either from the keypad or remotely). 
· Obtain IP address as required by the latest PennDOT Traffic Signal Remote Communication Policy and Guidance Document.
· 4GB (minimum) USB drive with tether or SD card.

3.b Controller Requirements.

· Program module as approved
· Controller unit meets ATC 5201 v06.25 according to AASHTO/ITE/NEMA.
· Provide the following minimum memory:
· Minimum of 128 megabyte (MB) of DRAM memory for application and OS program execution.
· Minimum of 64 MB of FLASH memory for storage of OS software and user applications.
· Minimum 1MB of SRAM memory for non-volatile parameter storage.

· Rack- mounted configuration
· Display model, serial number, and program information on exterior in an easy to find location.
· USB Ports
· Minimum of two USB 2.0 ports to be used for updating software, uploading or downloading configurations, or uploading logged data via USB flash drives.

· Label the IP address on the timer unit according to ANSI/TIA-606-B standard as a guideline and the following:

· Laminated
· High strength
· Resistant to extreme environmental conditions such as UV fading, high temperature fluctuations, and high humidity
· Adheres to aluminum, polycarbonate, and other materials standard in roadside cabinet environment
· Text is bold, legible (Arial font, 24 pt. minimum), and fade resistant

· Firmware Options
· Provide the ability for peer-to-peer communication once per second minimum between controllers of the same model type using Ethernet protocol communication.
· Such communication will not require the use of any external device or software and will not require routing to or from any external program.
· Configuration and saving of peer to peer setup information will not require restart of the controller to take effect.
· Provide controller capable of acting as either the source or the destination of Boolean & Peer statements.
· Provide a minimum of 24 peer to peer statements available to the user at each controller.
· Connected Vehicle Requirements
· Provide a controller that generates signal phasing and timing (SPaT) status in NTCIP 1202 format every 1/10 of a second to a user-configurable IP address via a user-configurable UDP port.
· Provide necessary hardware to broadcast signal phasing and timing in SPaT format according to SAE J2735 messaging or provide firmware to be installed on a Dedicated Short Range Communication (DSRC) Roadside Unit (RSU) to translate the message into J2735 format. Do not use an additional component between the controller and DSRC RSU for the purpose of SPaT data translation.  If SPaT format is used directly from the controller, map the phases to lanes via the controller’s menu-driven interface or external program running on a PC.  

· Railroad Preemption Requirements
· Provide the railroad pre-emption operation as indicated. Before approval of controller catalog cuts for the project, any controller unit proposed for use on a PennDOT contract project is required to be bench-tested along with the PennDOT Traffic Unit representative for any traffic signals with railroad preemption. The controller proceeds immediately to railroad preemption operation upon receiving call without any delay.
· Provide interface and/or interconnect in specified in Section 953.2(l).

3.c Cabinet.  Final cabinet design shall be agreed upon by the District Traffic Engineer or designee, as specified in Section 952.2(c)2.f. and as follows:
· AASHTO/ITE/NEMA ATC 5301 v02.02 or latest approved version.
· LED light bars, 800 lumens minimum. 
· Provide a stainless steel 5/8-inch handle designed for the door(s) and a full height, continuously welded, piano hinge. Continuously weld all joints of the cabinet.
· Sliding aluminum “laptop shelf” with piano hinged lid capable of holding the cabinet manuals and intersection condition diagram. 
· IP-addressable Cabinet Monitor Unit (CMU) compatible with Flashing Yellow Arrow permitted left turn operation.
· One NEMA L5-30P receptacle for external generator connection.
· An automatic transfer relay to engage the generator power.  
· Component and cable labels conforming to the following: 
· Laminated 
· High in strength
· Manufactured for extreme environmental conditions with respect to UV, temperature, and humidity.  
· Capable of adhering to all types of surfaces 
· Bold, legible and fade resistant text 
· Band or flag type
· Clear plexiglass cover/protection on any open area with live electrical feed.
· One rack-mounted IP-addressable rear-facing six-outlet (minimum) power strip (120V 15-amp, capable of resetting upon failed IP ping or via remote web interface).
· A rack-mounted test button panel that allows calls to be placed on each individual vehicle and pedestrian phase.  
· Auxiliary Display Unit.
· 16 channel output minimum.
· 24 channel input minimum.
· One front-facing duplex convenience receptacle (120V, 15amp), or two receptacles integrated to the front of the power supply.
· Full cabinet electrical schematic(s) including all location-specific field terminal connections.
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· Copy of the PennDOT traffic signal permit drawing for the intersection and for the system (if applicable).
· Detector mapping information to indicate which detector is on which channel and phase.
· A police cord of at least twelve feet in length in the police switch compartment.
· Type I Cabinet Extension – The cabinet shall be provided with a base extension of not less than 18” nor more than 36” or as indicated. If an Uninterruptible Power Supply is to be provided include a shelf for the Uninterruptible Power Supply unit and associated batteries.
· Provide generator adaptor kit as specified in section 954.2(i).

· Fan and Ventilation.
· Fan and vent system providing 200 cubic feet of free air delivery per minute (2x100 CFM fans).
· Vents equipped with standard-size, replaceable fiberglass filters.
· Vents that prohibit the entrance of rain or snow. 
· Cabinet equipped with an adjustable thermostat connected to control the fans.
· Manually adjustable thermostat with a calibrated scale. Thermostat adjustable within the range of at least 55F degrees to 140F degrees.
· Thermostat with contacts rated for at least eight amperes at 120 volts AC.
· Thermostat capable of turning the fan on at the set temperature and turning the fan off when the temperature is five degrees below the set temperature.  The activation temperature shall be set by the cabinet manufacturer based on their recommendations.
· A temperature sensor shall provide an alarm for cabinet overheating.  Activate the alarm at 150F degrees. If the controller cabinet is connected to an RTMC or central system, the temperature alarm shall place a notification to the RTMC or central system.

(d) Controller Assembly-Hardware.

1. Relays.

0. Light Duty Relay. Mounted in a clear, plastic cover, permanently marked to indicate coil voltage rating, and as follows:
0. Usage—Logic, Preemption or Interconnection.
0. Voltage—115 V (ac) or 24 V (dc).
0. Switch Type—TPDT or DPDT.
0. Contact Rating—2 A.
0. Contact Material—Fine Silver or Silver Alloy.

0. Heavy Duty Relay. Mounted in a clear, plastic cover, permanently marked to indicate coil voltage rating, and as follows:
1. Usage—Continuous Duty-Transfer of signal indications from normal operation to flashing and the reverse.
1. Voltage—95V to 135 V (ac), 57Hz to 63 Hz.
1. Switch Type—DPDT.
1. Contact Reading—20 A.
1. Contact Material—Fine Silver or Silver Alloy.
1. Standard Socket—8 Pin, Jones Type.

0. Dial Transfer. Mounted in a clear plastic cover, permanently marked to indicate coil voltage rating, and as follows:
2. Usage—Dial Transfer.
2. Voltage—95-135 V (ac), 57 to 63 Hz, 9 W.
2. Switch Type—TPDT Electric Latching (two external poles), DPDT Mechanical Latching.
2. Contact Rating—1 A.
2. Contact Material—Fine Silver or Silver Alloy.
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2. Standard Socket—Plug, interchangeable with furnished base.

1. Cable Terminal/Harness Assembly. For wiring the cabinet, including connections to the electrical load center, police panel switches, signal load switches, signal cable terminals, controller unit, conflict monitor, detectors, and relays, and as follows:
· Wiring—Arrange and lace or enclose in a raceway or in plastic tubing.
· Terminal Blocks—Barrier-type, with marker strips and nickel-plated brass screws, 8-5/16-inch minimum for detector leads, 10-5/16-inch minimum for signal leads, rated for 20 A at 1000 V (rms).

1. Electrical Load Center.

0. Breakers and Receptacles.
0. Circuit Breakers—15 A minimum, flashing circuit and duplex receptacle. 15 A minimum, traffic control equipment.
0. Duplex Receptacle—National Electrical Code (NEC)-Type, Ground Fault Interrupter, with test buttons. 15 A minimum.

0. Radio Frequency Interference (RFI). UL-Listed, RFI filter, according to NEMA standard testing procedures, TS-2 chapter 5, and as follows:
1. Line Voltage—95 V to 135 V (ac).
1. Line Frequency—200kHz to 75MHz with minimum attenuation of 50dB.
1. Line Current—125% of the total connected load, 30 A minimum.
1. Operating Temperature— -29F to 165F.
1. Insulation Resistance—6,000 megaohms.
1. Line to Ground Rating—1500 V (ac), one minute.
1. Line to Line Rating—1450 V (dc), one minute.
1. Humidity Range—5 % to 95 %, relative.
1. Overload—360 A, for 8 minutes.

0. Surge Protection. Provide serial surge protection that has multi-strike capability, UL listed, and line to neutral clamping voltage to be no more than 395 V at 20,000 amps. Provide model that is plug interchangeable with wired-in based with plug removable arrester.  Provide terminals for AC Line, AC Neutral, AC Equipment In, AC Equipment Out, neutral equipment out, and ground.  Filtering surge protector is not to exceed 5.0 inches x 3.5 inches x 7.5 inches, not including studs or mounting flange. Spark gap arrestors are not allowed. All surge protection devices must be approved. The cabinet and content must, as an assembly, pass all NEMA TS-2 voltage spikes test for the AC line.

· Total Peak Current (8 x 20ms)					40,000 Amps
· Life Test										5% Change
· (Voltage clamp before and after 25 surges of 20 kA 
waveshape)
· Clamp voltage							395 V type @ 20kA
· Response time							less than 5.0 nS
· Continuous Service Current (120 VAC,	20 Amps Maximum
60 Hz)
· Operating Temperature					-40F to 185F


Provide surge suppressor that is UL listed and has dual pair (four wire) module implementing three stage hybrid technology or equivalent type as approved, for communications cable to 10 kA (2500 A per line).

	· Peak Surge Current (10 times):
	

	· 8 x 20 ms
	50 kA

	· 10 x 700 ms
	500 A per line

	· Life Expectancy:
	

	· 8 x 20 ms
	>100 occurrences

	· 10 x 700 ms
	

	· Response time
	< 1 nanosecond

	· Technology
	SAD Hybrid

	· Operating Temperature
	-40F to 185F



Provide composite Transient Voltage Surge Suppression (TVSS) for all pedestrian pushbutton circuits, each load switch. And on the detector panel for all loop lead-ins.

0. Grounding Requirements. Provide each controller with its own grounding rod in addition to the other grounding requirements for signal supports. Grounding and Grounding Rods will be installed as shown on the Standard Drawings and as follows:
Place a minimum of two grounding rods at the base of the controller, the grounding system is required to provide 8 ohms or less to the earth as a system. Test all grounding rods used for controllers, mast arms, and supports for their resistance to ground in accordance with the National Electricians Code (NEC); with resistance less than 25 ohms. For grounding rods failing the above-mentioned test, relocate grounding rod(s) to a suitable location or install additional grounding rods at locations approved by the Representative. 
When suitable, place a grounding grid utilizing shielded copper wire and grounding rods at each corner, around the intersection. Documentation regarding grounding resistance and as-built plans of grounding grid must be verified by the Representative.

1. Police Panel. Furnish with the following switches:
· Auto—Flash
· Lights (ON—OFF)
· Auto—Manual

Provide 12” hand control cable in panel. The police panel shall be large enough to adequately store the hand control cable.

1. Auxiliary Cabinet

As specified in Sections 952.2(C)1.1.f and as follows:

Provide an auxiliary cabinet assembly, either:
· Attached to an existing ground mounted controller cabinet; or
· Ground-mounted, located adjacent to the existing ground-mounted cabinet; or
· Pole-mounted, located adjacent to the existing pole-mounted cabinet

Refer to the traffic signal plans for specific lock and key instructions. 

1. Time Clock, GPS.

A system consisting of a GPS receiver and base unit (if necessary) with an easy to read high contrast Liquid Crystal Display (LCD) screen for mounting in the traffic controller enclosure.  The base unit shall indicate the GPS time and other configuration settings on the LCD screen.

The system must have a contact closure (or open controller output) to reset the controller clock.  The GPS receiver shall be connected directly to the contact closure and continuously reset the controller clock.  However, if the controller limits this ability, the base unit shall reset the controller clock at a predetermined hour each day (typically 3:00 AM).

The system must have a Daylight Savings Time (DST) adjustment and zone adjustment entries as well as time setting.  The GPS must maintain the accuracy of the controller clock within 1 microsecond of Universal Time, Coordinated/Greenwich Mean Time (UTC/GMT).

952.2(d)	952.2(d)
The system shall have an environmental temperature range of -20°C to +70°C (-68°F to +158°F), power requirements of 5-40 volts DC, 100 mA, and be capable of monitoring a minimum of eight channels.
952.3  CONSTRUCTION— Sections 950.3 953.3 and 1104.01,, as shown on the Standard Drawings, and as follows:

(a) Controller Assembly. Install the controller assembly with internal time-based coordination, as indicated. For base-mounted controller assemblies, construct the foundation as specified in Sections 951.3(a) and (b) and seal all conduits as specified in Section 954.3(c). Place cabinet to provide full access to all doors and to not obstruct vehicle sight distances or block pedestrian facilities.  Connect field wiring for signals, interconnect, and preemption. Connect service to the input/output terminals of the controller assembly. Neatly bundle, tie-wrap, and organize all loose wiring. Connect to the equipment safety ground. 
Ground loop detector lead-ins in cabinet only. Terminate all spare signal conductors collectively and cover with electrical tape.  Label all detector lead-ins appropriately and map into timer unit to collect appropriate data.
Install one LED light/bar inside the top of the cabinet at each door.  If a two-door cabinet (one front and one rear) provide two lights/bars.  If a four-door cabinet (two front and two rear) provide four light/bars.  Install the lights/ bars such that the center of the light/bar is in front of and illuminating the component faces.  Illuminate the lights with door-open switch.
Provide switches, controls, and indicators that are operable without the use of tools. Clearly and permanently identify the switches, controls, and indicators. Label the load switch sockets and cable connectors for detector amplifiers, in the controller assembly, according to function.
When the signal controller becomes operational, and during initial turn-on, demonstrate that all functions are operating in accordance to with all the design documents and the applicable standards for the installed unit. Conduct the demonstration, as directed, in the presence of the Representative. Upon successful demonstration that all functions are operating properly the controller will be subject to a 30-day system test. If a fault occurs during the 30-day test period correct the problem and restart the test. Once the 30-day period has expired with no recordable system faults and meets the approval of the Representative the system will be considered for final acceptance.
Connect the conflict monitor or malfunction management unit to function as specified in Section 952.2(c). When the controller assembly becomes operational, and during initial turn-on, demonstrate that the conflict monitor or malfunction management unit will cause transfer of the signals to flashing operation upon sensing all possible conflicting signal indications. Conduct the demonstration, as directed, in the presence of the Representative. The 30-day system test shall not begin until the conflict monitor or malfunction management unit is functioning properly.
Before or during the initial turn-on, connect output from shutdown relay to the output and power input of the signal load switches. Connect relay to controller assembly to provide flashing operation with the traffic signal controller unit installed or removed. Provide activation of the shutdown relay from any of the following sources:
· Removal of controller voltage, when indicated
· Police panel switch
· Output from conflict monitor or Malfunction Management Unit

Label IP address on all devices in the cabinet that are assigned an IP address. Provide surge suppression for any Ethernet cable leaving the cabinet. Provide municipality with the name and telephone number of the person to be notified in the event of failures or malfunctions during the guarantee period as specified in Section 950.3(d)10. 

Place all schematics, plans, detector mapping information and any other provided paperwork in the sliding drawer.

Mount the exhaust fan(s) in such a way that it does not protrude to the outside of the cabinet and can be easily removed for servicing.

Connect systems and communication control equipment as specified in Section 953.3 and as indicated. Before the 30-day system test, field test for the indicated operation as specified in Section 953.3(rb).

1. Advanced Transportation Controller Unit. 
· Configure the cabinet as follows from top to bottom:
· Fiber patch panel
· Auxiliary Display Unit
· Controller unit
952.3	952.3(a)
· Laptop shelf
· Input file(s)
· Output file(s)
· Battery back-up and batteries (if specified).
· Ethernet switch (if specified) mounted to DIN rail on wall of cabinet in rear and accessed through rear door.
· Power supply
· Provide cabinet documentation and labeling as follows:  
For signal controller, fiber optic cable, sensor devices, ITS, communications, connected vehicle, and any additional components provide interconnection diagram showing cable and port connections. Label all components and cables using the ANSI/TIA-606-B standard as a guideline and the following:
· Label each component with an identifier that corresponds to the interconnection diagram.
· Label cables at both ends. Provide information on each cable end to indicate the near and far end connections.
· The cable end with the label is considered the near end; the opposite cable end is considered the far end.
· Label all detector lead-ins as per the PennDOT ATSPM Detector Mapping Guidelines and map into timer unit to collect appropriate data.
· Label text:
· Indicate the near end component identifier and port connection on the first line.
· Indicate the far end component identifier and port connection on the second line.
· Indicate the system or network title on the third line.
· Abbreviations are acceptable if they are consistent between the interconnection diagram and the component identifier.
· Submit for approval any adjustments or modifications to labeling convention.
· Install the IP-addressable power strip in the rear rack.  Plug the following auxiliary devices into the IP-addressable outlets and other components as directed:
· Communications equipment (e.g. Ethernet switch, cell modem, router/firewall, etc.)
· Detection equipment (e.g. video, radar)
· Adaptive system processor
· Install test button panel in the front rack.
· Operate SDLC Port 1 on Serial Bus #2 as needed.
· Provide and program a spring-loaded door switch in the upper right corner of the cabinet opening for use as a “door open” alarm.   If the controller cabinet is connected to an RTMC or central system, the “door open” alarm shall place a notification to the RTMC or central system.
· Provide a spare SIU and a spare high-density switch pack.
· Tether USB drive to a shelf or other permanent piece of the cabinet
[bookmark: _Hlk17983839]

(b) Time Clock, GPS.  Install the GPS receiver on top of the traffic signal controller cabinet using a waterproof sealant.  time clock, when indicated. Install the time clock base unit (if needed) in the controller cabinet and Cconnect to input/output terminals to the controller per the manufacturer’s recommendations. of the control equipment. Connect to the equipment safety ground. Program the controller as needed to receive the GPS signal and reset the controller clock a minimum of once per day.  Field test for indicated operation.

(c) Connector Harness.  Provide a separate harness and connector that meets NEMA Standards and is wired for the maximum phase capability of the controller unit.

(d) [bookmark: _Hlk17983997]Cable Connections (NEMA TS-1 & TS-2) , Type 170-Advanced Traffic Controller (ATC), and Type 2070-ATC). 
952.3(a)	952.3(d)


952.3(d)	952.4(a)
1. Copper Cables.  Connect the traffic signal cable and interconnection cable to the proper color -coded controller terminals as directed by the Representative. Crimp-type connectors are not to be used for traffic control cable or interconnection cable.  All wiring and cable connections are to be neat and with all such cables tie-wrapped. Spare conductors of signal cable and interconnection cable are to be neatly wrapped in the cabinet and of the same length as the active conductors.  Connect all communication cable conductors to the terminal block. Mount on the 
inside of the lower left cabinet wall a communication cable terminal block.  The terminal block is to have a sufficient number of connections to splice two 12-pair communication cables together.  If applicable, mount on this panel an RS-232 interface for connecting a portable PC to the 170/2070 Microcomputer.  The RS-232 interface is to consist of a shielded cable with a DB9 connector at one end, and a 170/2070 C2 type connector at the other.  Plug the DB9 connector into the C2 port of the 170/2070 controller.

2. Fiber Optics.  Route all fiber optic cables entering the controller cabinet through a 1 1/4 inch internal diameter conduit as specified in Section 954.  Run a continuous conduit segment from the base of the pole, through the bottom entry hub of the junction box, and into entry hub in the bottom of the Controller Cabinet.  Place conduit to maintain the minimum bend radius of fiber optic cable.  The conduit from the cabinet to the closest junction box or manhole is incidental to this item.
The cabinet is to have the means to hold service loops, each 208 feet in length, of each of the jacketed fiber optic cables entering and leaving the cabinet.  Secure each service loop to the bottom of the lowest rack in the cabinet in such a way as to ensure the minimum bend radius of the cable(s), and prevent interference of any kind.  However, the service loops are to be easily removed and reattached during fiber maintenance.  Carefully route the fiber optic cable(s) to the patch panel for termination.
The cabinet is to have a patch panel, mounted on an easily removable aluminum panel, to house all internal fiber splices; mount the aluminum panel in an appropriate location inside the cabinet. Secure the fiber optic cable(s) to the panel before entering the patch panel.  Terminate all field fibers in the cabinet as specified as specified in Section 953.3(i). If applicable, mount on this panel an RS-232 interface for connecting a portable computer to the 170/2070 microcomputer.  The RS-232 interface is to consist of a shielded cable with DB9 connect at one end, and a 170/2070 C2 type connector at the other.  Mount the DB9 connector on the panel for easy access, and the C2 type connector plugged into the C2 port of the 170/2070 controller.

(e) Auxiliary Cabinet. Power supplemental cabinet and equipment through use of existing signal controller power supply according to National Electricians Code (NEC) requirements.

If applicable, pour the new concrete foundation for the supplemental cabinet against the existing controller cabinet foundation and/or connect the supplemental cabinet to the existing controller cabinet with rigid galvanized 3” steel conduit and fittings sufficiently sized to accommodate all associated equipment cables, and to ensure that cables will not fray. Seal conduit between supplemental cabinet and existing controller cabinet with waterproof sealer. Ensure that the cabinet does not interfere with access to the existing controller cabinet.

(f) Advanced Transportation Controller Unit Spare Parts. Provide all parts as indicated and store the parts at location either as indicated or as specified by the District Traffic Engineer. Parts shall be stored in a secure location in the manufacturer’s approved packaging. The parts shall be sheltered from weather/environmental conditions. Warranty begins on the turn-on date for the ATC Assembly that the parts serve.


[bookmark: _Hlk16168954]952.4 MEASUREMENT AND PAYMENT— Each and as specified in Sections 1104.01 and 1104.03 for the type indicated:

(a) Controller Assembly. Each 
The price includes required controller assembly with controller unit, Buss Interface Unit (BIU) and detector card rack assembly (if necessary), conflict monitor or malfunction management unit, flasher unit, load switches or switch packs, cabinet, relays, cable terminal/harness assembly, electric load center, generator adapter kit, police panel, and time clock, cabinet extensions and concrete foundation for Type I assemblies, and all required controller assembly hardware for a fully operational system. Also includes time for manufacturer representative to be on site for the initial controller assembly setup and for any changes needed during the 30-day test. 50% paid on installation. 35% paid upon energize and controller turn-on. 15% paid on completion of the 30-day test or end of system test.

(b) Controller Modification, Retiming . Each
The price includes programming new timings as indicated and on field timing adjustment as necessary in the existing controller unit.

(c) [bookmark: _Hlk17984062]Controller Modification, Controller Upgrade. Each
952.3(d)	952.4(c)
The price includes required materials and labor to add a new controller to an existing cabinet. Also includes
time for manufacturer representative to be on site for the initial controller setup and for any changes needed during the 30-day test. Removal of the existing controller and applicable wiring connection is incidental.

(d) Controller Modification. Each
The price includes all necessary material and labor to modify existing controller assembly to provide operation as indicated. 

(e) Auxiliary Cabinet with Fan. Each
[bookmark: _Hlk27404725]The price includes the cabinet, cabinet fan, mounting hardware, concrete foundation (if applicable), and additional items necessary to connect the auxiliary cabinet to the existing cabinet and/or traffic signal pole, as well as any modifications required to existing cabinet and/or traffic signal pole to support the supplemental cabinet.

(f) Auxiliary Cabinet without Fan. Each
(g) The price includes the cabinet and mounting hardware. Price includes any mounting hardware and additional items necessary to connect the auxiliary cabinet to the existing cabinet and/or traffic signal pole, as well as any modifications required to existing cabinet and/or traffic signal pole to support the supplemental cabinet.


(h) Advanced Transportation Controller Unit Spare Parts. Each
The price includes all equipment identified as spare parts as indicated. The cost shall include all necessary packaging and transporting of the equipment to the approved specified location.


(i) [bookmark: _Hlk21702941]Time Clock, GPS. Each
The price includes mounting hardware, cable/harness assembly, power supply, receiver, and controller programming.




