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CHAPTER 1

GENERAL SPECIFICATIONS FOR
TRAFFIC SIGNAL CONTROL EQUIPMENT

This chapter contains general requirements applicable to all equipment specified in this
document.
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SECTION 1 - GLOSSARY

1.1 Wherever the following terms or abbreviations are used, the intent and
meaning shall be interpreted as follows:

A — Ampere

AC - Alternating Current

AC+ - 120 volts AC, 60 hertz ungrounded power source

AC- - 120 volts AC, 60 hertz grounded return to the power source

ACIA — Asynchronous Communications Interface Adapter device, Motorola MC6850
(or equal)

amp(s) — Ampere(s)
ANSI — American National Standard Institute
ASCII — American Standard Code for Information Interchange

Assembly — A complete machine, structure, or unit of a machine that was
manufactured by fitting together parts and/or modules

ASTM — American Society for Testing and Materials
ATC — Advanced Transportation Controller

AWG — American Wire Gage

AWS — American Welding Society

C — Celsius

C Language — The ANSI C Programming Language

Cabinet — An outdoor enclosure for housing the controller unit and associated
equipment

Certificate of Compliance — A certificate signed by the manufacturer of the material
or the manufacturer of assembled materials stating that the materials involved
comply in all respects with the requirements of the specifications

Channel — An information path from a discrete input to a discrete output
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CMOS — Complementary Metal Oxide Semiconductor

Component — A component shall be defined as any electrical or electronic device

Contractor — The person or persons, manufacturer, firm, partnership, corporation,
vendor, or combination thereof, who have entered into a contract with the

STATE, as party or parties of the second part or their legal representative

Controller Unit — That portion of the controller assembly devoted to the operational
control of the logic decisions programmed into the assembly

CPU — Central Processing Unit

CR — ACIA Control Register

CRC - Cyclic Redundancy Check

Daughterboard - A printed circuit auxiliary interface board

DC — Direct Current

DIN — Deutsche Industrie Norm

DMA — Direct Memory Access

DRAM — Dynamic Random Access Memory

DTA — Down Time Accumulator

dB — Decibel

dBa — Decibels above reference noise, adjusted

EG — Equipment Ground

EIA — Electronic Industries Association

EMI — Electro Magnetic Interference

Engineer — The Director of the Department of Transportation, acting either directly or
through properly authorized agents, such agents acting within the scope of the
particular duties delegated to them

EPROM — Ultraviolet Erasable Programmable Read Only Memory

EEPROM - Electrically Erasable Programmable Read Only Memory
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Equal — Interpretation shall be in the judgement of the Engineer:
Connectors: Having identical physical dimensions, contact/pin material, plating,
and method of connection.
Devices: conforming to function, pin out, electrical and operating parameter
requirements, access times, and interface parameters of the specified device.
ETL — Electrical Testing Laboratories, Inc.

Firmware — A computer program or software stored permanently in PROM, EPROM
or ROM, or semi-permanently in EEPROM

FLASH — A +5 VDC powered IC memory device with nonvolatile, electrically
erasable, programmable, 100K read/write minimum cycles and fast access time
features

FPA — Front Panel Assembly

HEX — Hexadecimal

Hz — Hertz

IC — Integrated Circuit

[.D. — Identification

IEEE — Institute of Electrical and Electronics Engineers

IMP — Integrated Multi-protocol Processor

IRQ — Interrupt Request

ISO — International Standards Organization

Jumper — A means of connecting/disconnecting two or more conductive points by
soldering or de-soldering a conductive wire or by PCB post connection or
disconnection.

KB — Kilobytes

KBps - Kilobytes per second

kHz — kilohertz

Laboratory — The established laboratory of the Department of Transportation or
other laboratories authorized by the Department to test materials involved in the

contract

LED — Light Emitting Diode
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LOGIC — Negative Logic Convention (Ground True) State
LSB — Least Significant Byte

Isb — Least Significant Bit

Ix — Lux

m — Meter

mA — Milliampere

MB — Megabyte

MCU — Micro Controller Unit

MIL — Military Specification(s)

Modem — Modulate/Demodulate Unit

Module — A functional unit that plugs into an assembly
Motherboard — A printed circuit connector interface board
MOS- Metal Oxide Semiconductor

MOV — Metal Oxide Varistor

MPU — Microprocessor Unit

ms — Millisecond(s)

MS — Military Standards

MSB — Most Significant Byte

msb — Most Significant Bit

mV — Millivolt(s)

mW — Milliwatt(s)

M/170 — Program Module/Model 170E Controller Unit Connector
M/170E — Model 170E Auxiliary Board Connector

N — Newton (SI unit of force)
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NA — Presently not assigned - cannot be used by the contractor for other purposes
NEMA — National Electrical Manufacturer’s Association
NETA — National Electrical Testing Association, Inc.
N.C. — Normally closed contact

NLSB — Next Least Significant Byte

nisb — Next Least Significant Bit

NMSB — Next Most Significant Byte

nmsb — Next Most Significant Bit

N.O. — Normally open contact

ns — Nanosecond

PCB — Printed Circuit Board

PDA — Power Distribution Assembly

pF — Picofarad

PLA/PAL — Programmable Array Logic Device

ppm — Parts per million

PWM — Pulse Width Modulation

RAM — Random Access Memory

RBF — Random Block File

RDR — ACIA Receiver Data Register

RF — Radio Frequency

RMS — Root-Mean-Square

ROM — Read Only Memory

RTC — Model 170E Controller Unit Real Time Clock

RTCA — Real Time Clock Adjuster Circuitry
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RTS — Request to Send

R/W — Read/Write Control Line

S — Logic State

s — Second

SCC — Serial Communication Controller

SCI — Serial Communications Interface

SDLC - Synchronous Data Link Control

Second Sourced — Produced by more than one manufacturer
S| — International System of Units

SMC - Serial Management Controller

SP — Serial Port (Switchpack when used in Tables B-2 and B-3)
SR — ACIA Status Register

SRAM — Static Random Access Memory

STATE — State of Oregon

SW — Switch

TBK — Terminal Block

TDR — ACIA Transmit Data Register

TOD - Time-of-Day Clock

Triac — Silicon-controller rectifier which controls power bilaterally in an AC switching
circuit

Thumb Screw Device (TSD) — A retractable screw fastener with projecting stainless
steel screw, spring, and natural aluminum knob finish

TTL — Transistor-Transistor Logic
UL — Underwriter’s Laboratories, Inc.

VAC — Voltage Alternating Current
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VDC — Voltage Direct Current
VMA - Valid Memory Address
VME — Versa Module Eurocard, VMEbus Standard IEEE P1014/D1.2

Watchdog Timer (WDT) — A monitoring circuit, external to the device watched, which
senses an Output Line from the device and reacts

X — Number Value

XX — Manufacturer’'s Option
HA — Microampere

MF — Microfarad

pHH — Microhenry

HS — Microsecond
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122

1221

1222

1223

SECTION 2 — GENERAL REQUIREMENTS

In case of conflict, the individual chapter shall govern over Appendix C and
Appendix C shall govern over all subsequent paragraphs in Chapter 1, General
Requirements. All equipment furnished under these specifications shall be of the
solid state design. Use of vacuum or gaseous tubes or electromechanical devices
within the equipment is not acceptable unless otherwise indicated.

Documentation

Each controller cabinet assembly shall include two copies of the latest manual for
each item of equipment that is furnished with the cabinet. The STATE, at our option,
may reduce the number of manuals required on a project.

Manuals shall be printed in font of Helvetica Bold 12 (or equal) on 216 mm by
280 mm paper. Schematics, layouts, parts lists, and plan details shall have a
minimum font of Gothic Legal 18 (or larger) and may be on 280 mm by 432 mm
sheets, but the sheets must be neatly folded to 216 mm by 280 mm size. The
manual shall be bound in durable covers.

Each manual shall include the following

Table of Contents

Glossary

General Description

General Characteristics

Installation

Adjustments

Theory of Operation
Systems Description (include block diagram)
Detailed Description of Circuit Operation

Maintenance
Preventive Maintenance
Trouble Analysis
Troubleshooting Sequence Chart
Wave Forms
Voltage Measurements
Alignment Procedures

Parts List (to include circuit and board designation, part type and
class, power rating and component manufacturer, original
manufacturer’s part number and data specification sheets for
special design components.)

Electrical Interconnection Drawing

Schematic and Logic Diagram

Assembly drawings and a pictorial diagram showing physical
locations and identification of each component.
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1.2.2.3.1 The date of revision, serial numbers and revision numbers of equipment covered by
manuals shall be printed on the front cover of the manuals.

1.2.2.3.2 A Mean-Time-Between-Failure Analysis Report for Model 2070 Controller Units shall
be provided with the Qualified Products List Submittal. It shall encompass the 2070
Unit (complete) and its individual modules and assemblies. The report shall describe
in detail the methodology used.

1.2.2.4 Manuals for the Controller Unit and Models 332, 334, 336, 336S and ITS Cabinets
shall be furnished with the item and enclosed in the shipping container.

1.2.25 Prior to final printing, a preliminary draft of all manuals shall be submitted to the
Engineer for approval.

1.2.3 Interchangeability — The following assemblies and their respective associated
devices shall electrically and mechanically intermate and be compatible with each
other:

ASSEMBLIES ASSOCIATED DEVICES
Output File #1 and #2 Model 200 Switch Pack

Model 210 Monitor Unit
Model 430 Heavy Duty Relay

Auxiliary Output File Model 200 Switch Pack
Model 430 Heavy Duty Relay

Input File Models 222, 222T, 224 & 232E Detectors
Models 242 & 252 Isolators

Power Distribution Assembly #2 Model 204 Flasher Unit
Model 206 Power Supply Module

Output/Power Distribution Asmbly #3 Model 200 Switch Pack
Model 206 Power Supply Module
Model 208 Watchdog Monitor
Model 430 Heavy Duty Relay

Power Distribution Assembly #4 & #5  Refer to Cabinet Models 340 & 344

Power Distribution Assembly #6 Model 206 Power Supply Module
(FUTURE)
Model 170E Controller Unit Model 400 Modem

Model 412 Program Module

Table continued on next page
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Continued from previous page

ASSEMBLIES

Model 2070 Controller Unit

Model 170ATC Controller Unit

Cabinet Models 332, 336, & 336S

Cabinet Model 334

Cabinet Model 340
Cabinet Model 344

Cabinet Model ITS (FUTURE)

Chapter 1 - General Specifications 12

ASSOCIATED DEVICES

Model 2070-1 CPU Module

Model 2070-2A and 2B Field I/O Module
Model 2070-3 Front Panel Assembly

Model 2070-4 Power Supply

Model 2070-5 VME Cage Assembly

Model 2070-6 Serial Comm Module

Model 2070-7A and 7B Serial Comm Module

Model 170ATC-1 Engine Board Module -
MC68360 microcomputer, memory
devices and communication ports

Model 170ATC-2 Interface Module (Field 1/O)

Model 170ATC-3 Front Panel Assembly

Model 170ATC-4 Power Supply

Model 400 Modem

Model 170E Controller Unit
Model 170ATC Controller Unit
Input File

Power Distribution Assembly #2
Output File #1

Auxiliary Output File

Model 170E Controller Unit

Model 170ATC Controller Unit

Input File

Output/Power Distribution Assembly #3
Auxiliary Output File

Power Distribution Assembly #4
Power Distribution Assembly #5

Model 170E Controller Unit
Model 170ATC Controller Unit
Model 2070 Controller Unit
Model 2070-x peripherals
Input File

PDA #2, #3 and #6

Output File #1 & #2
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124

1241

1.2.4.2

1243

125

1251

12511

1.251.2

1.251.3

12514

1.25.2

Indicators and Character Displays

All indicators and character displays shall have a minimum of £+45° cone of visibility
with the axis perpendicular to the front panel. All indicators and character displays
shall be readily visible at a radius of up to 1.2 m within the cone of visibility when the
indicator is subjected to 97,000 Ix of white light with the light source at 45° (£2°) to
the front panel. If characters are not self-luminous, illumination shall be provided for
viewing at low levels of ambient light. Indicators supplied on equipment requiring
handles shall be mounted such that a horizontal clearance of 15° minimum shall be
provided for Models 208, 210, 212, 222, 222T, 242, 232, and 252, as well as a
clearance of 30° minimum for Models 200, 204, and 206.

All indicators and character displays shall have a rated life of 100,000 hours,
minimum.

Liquid Crystal Displays (LCD’s) shall operate at temperatures of -34°C to 73°C
without bleeding or loss of visibility. LCD’s shall be back-lighted.

Connectors - Unless otherwise noted, connector specifications apply to both the
plug (with suffix "P") and the receptacle or socket (with suffix "S").

General Requirements:

All connectors shall be keyed to prevent improper insertion of the wrong connector
or PCB.

The Type 25 connector shall be a 25 contact AMP HDP-20 connector (or equal) with
gold on nickel-plated contacts. The female mating connector with socket contacts is
designated Type 25S and the male mating connector with pin contacts is designated
Type 25P. The Type 25P connector shall be provided with lock spring clips for
latching to its mating connector.

The Type T connector shall be a single row, 10 position, feed through TBK. The TBK
shall be a barrier type with 6 mm (or longer), nickel-plated, brass binder head
screws. Each terminal shall be permanently identified as to its function.

The mating connectors shall be designated as to the connector number and
male/female relationship such as C1P (pin contact) and C1S (socket contact).

Connectors C1, C2, C20, C30, C40, C4, C5, and C6
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12521

12522

1.25.23

12524

1.25.25

1253

12531

1.25.3.2

1.25.3.3

1.2534

Pin and socket contacts for connectors C1, C2, C20, C30, C40, C4, C5, and C6
shall be beryllium copper construction, subplated with 0.0013 mm nickel and plated
with 0.0008 mm gold. Pin diameter shall be 1.6 mm. Connectors shall have the
following number of contacts:
C1l - 104 contacts
C2, C20, C30, C40 - 14 contacts
C4 - 37 contacts
C5 & C6 - 24 contacts

All pin and socket contacts for connectors C1, C2, C20, C30, C40, C4, C5, and C6
shall use the AMP #601105-1 or #91002-1 contact insertion tool, and the AMP
#305183 contact extraction tool.

The C1, C2, C20, C30, and C40 connector blocks shall be constructed of phenolic
resin (or equal) and shall have an insulation resistance of 5,000 megohms. The
contacts shall be secured in the blocks with stainless steel springs.

Connectors C1, C2, C20, C30, and C40 shall have stainless steel corner guides.
The guide pins shall be 27.86 mm in length and the guide sockets 15.88 mm in
length.

Connectors C4, C5, and C6 shall be circular plastic type with quick
connect/disconnect capability and thread assist, positive detent coupling. The
connectors shall be UL listed glass-filled Nylon, 94 V-1 rated, heat stabilized, and
fire resistant.

PCB Connectors:

PCB edge connectors shall have bifurcated, gold-plated contacts.

The PCB receptacle connector shall meet or exceed the following:

Operating Voltage: 600 VAC (RMS) at sea level
Current Rating: 5 amps

Insulation Material Diallyl Phthalate or Thermoplastic
Insulation Resistance: 5,000 megohms

Contact Material: Copper alloy plated with:

0.00127 mm of nickel &
0.00038 mm of gold
Contact Resistance: 0.006 ohm, maximum

The two-piece PCB connector shall meet or exceed the DIN 41612.

The PCB 22/44 connector shall have 22 independent contacts per side, dual-sided
with 3.96 mm contact centers.
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1.25.35

1.25.3.6

1.25.3.7

1254

1.255

1.2551

1.255.2

1.255.3

1.25.6

1.25.6.1

1.25.6.2

1.25.6.3

1.25.7

12571

1.25.7.2

1.25.7.3

126

The PCB 28/56 connector shall have 28 independent contacts per side, dual-sided
with 3.96 mm contact centers.

The PCB 36/72 connector shall have 36 independent contacts per side, dual-sided
with 2.5 mm contact centers.

The PCB 43/86 Connector shall have 43 independent contacts per side; dual sided
with 2.5 mm contact centers.

Wire Terminal Connectors: Each wire terminal shall be solderless with PVC
insulation and a heavy-duty short-locking spade type connector. All wire terminal
connectors shall be crimped using a Controlled-Cycle type crimping tool.

Flat Cable Connectors

Each flat cable connector shall be designed for use with 26 AWG cable.

Each flat cable connector shall have dual cantilevered phosphor bronze contacts
plated with 500 nm gold over 1270 nm of nickel.

Each flat cable connector shall have a current rating of 1 ampere minimum and an
insulation resistance of 5 megohms minimum.

PCB Header Post Connectors
Each PCB header post shall be 1.0 mm square by 8.7 mm high.
PCB header posts shall be mounted on 4.0 mm centers.

PCB header posts shall be tempered hard brass plated with 380 nm of gold over
1.270 mm nickel.

PCB Header Socket Connectors: Each PCB header socket block shall be nylon or
diallyl phthalate.

PCB header sockets shall be removable, but crimp connected to its conductor.

PCB header socket contacts shall be brass or phosphor bronze plated with 560 nm
of gold over 1270 nm of nickel.

The supplier shall list the part number of the extraction tool recommended by its
manufacturer.

Packaging: Each item delivered shall be individually packed in its own shipping
container. When loose Styrofoam is used for packing the item, the item shall be
sealed in a plastic bag to prevent direct contact with the Styrofoam.
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1.2.7

128

1.281

12811

1.2.81.2

1.2.8.2

1.2.821

1.2.83

12831

1.2.8.3.2

1.28.4

1.2.8.5

Delivery: Each item delivered for testing shall be complete, including manuals, and
ready for testing.

Metals

Aluminum:

Sheet shall be Type 5052-H32 ASTM Designation B209.
Rod, Bar, and Extruded shall be Type 6061-T6 (or equal).
Stainless Steel:

Sheet shall be annealed or one-quarter-hard, complying with the ASTM Destination:
A666 for Type 304, Grades A or B, stainless steel sheet.

Cold Rolled Steel:

Sheet, Rod, Bar, and Extruded shall be Type 1018/1020.

Plating — All cold rolled steel shall be plated. All plating shall be either cadmium
plating meeting the requirements of Federal Specification QQ-P-416C, Type 2,
Class 1, or zinc plating meeting the requirements of ASTM B633-85 Type Il SCA4.

All sharp edges and corners shall be rounded.

All bolts, nuts, washers, screws (size 8 or larger), hinges and hinge pins shall be
stainless steel unless otherwise specified.
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1311

1.3.1.2

1.3.1.3

1.3.2

1.3.3

134

135

1351

1.3.6

SECTION 3 — COMPONENT REQUIREMENTS

All components shall be second sourced and shall be of such design, fabrication,
nomenclature, or other identification as to be purchased from a wholesale
electronics distributor or from the component manufacturer, except as follows:

When a component is of such special design that it precludes the purchase of
identical components from any wholesale electronics distributor or component
manufacturer, one spare duplicate component shall be furnished with each 20, or
fraction thereof, components used per contract job. The STATE, at our own option,
may reduce the number required.

Circuit design shall be such that all components of the same generic type,
regardless of manufacturer, shall function equally in accordance with the
specifications.

Within the circuit of any device, module, or PCB, electrical isolation shall be provided
between DC logic ground, equipment ground and the AC grounded conductor. They
shall be electrically isolated from each other by 500 megohms, minimum, when
tested at the input terminals with 500 VDC.

Memory, MPU, and ACIA devices shall be socket mounted onto the PCBs. No
other device shall be socket mounted unless specifically called out.

No component shall be operated above 80% of its maximum rated voltage, current,
or power ratings. Digital components shall not be operated above 3% of their
nominal voltage, current, or power ratings.

No component shall be provided with a manufactured date that is two years older
than the contract award date. The design life of all components operating for 24
hours a day in their circuit application shall be 10 years or longer.

All discrete components, such as resistors, capacitors, diodes, transistors, and
integrated circuits shall be individually replaceable. Components shall be arranged
so they are easily accessible for testing and maintenance.

Encapsulation of two or more discrete components into circuit modules is prohibited
except for transient suppression circuits, resistor networks, diode arrays, solid-state
switches, optical isolators, and transistor arrays.

The Contractor shall submit detailed engineering technical data on all components
at the request of the Engineer. A letter from the component manufacturer shall be
submitted with the detailed engineering data when the proposed application of the
component alters the technical data. The letter shall certify that the component
application meets specification requirements.
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1.3.7

1371

1.3.7.2

1.3.7.3

1.3.7.4

1.3.75

138

1.38.1

1.3.8.2

1.3.8.3

1.3.9

1.39.1

1.39.1.1

1.3.9.2

1.3.9.3

1.3.94

Capacitors

The DC and AC voltage ratings as well as the dissipation factor of a capacitor shall
exceed the worst case design parameters of the circuitry by 150%.

A capacitor that may be damaged by shock or vibration shall be supported
mechanically by a clamp or fastener.

Capacitor encasements shall be resistant to cracking, peeling, and discoloration.

All capacitors shall be insulated and shall be marked with their capacitance value
and working voltage.

Electrolytic capacitors shall not be used for capacitance values of less than 1.0 pF
and shall be marked with polarity.

Potentiometers

Potentiometers with ratings from 1 to 2 watts shall be equivalent to Military Type
RVA4.

No potentiometers with less than a 1-watt rating shall be used (except for trimmer
type function).

The power rating of any potentiometer shall be at least 100% greater than the
maximum power requirements of the circuit.

Resistors
Fixed carbon film, deposited carbon, or composition-insulated resistors shall
conform to the performance requirements of Military Specifications: MIL-R-11F or

MIL-R-22684.

All resistors shall be insulated and shall be marked with their resistance value. The
EIA color codes, or stamped value (power resistor) shall indicate resistance values.

Resistors shall be 10% or less tolerance.
The value of the resistors shall not vary by more than 5% between -37°C and 74°C.

Resistors that have a rating exceeding 2 watts shall not be used unless special
ventilation or heat sinking is provided. They shall be insulated from the PCB.
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1.3.14
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Semiconductor Devices
All solid-state devices, except LEDs, shall be of the silicon type.

All transistors, integrated circuits, and diodes shall be a standard type listed by EIA
and clearly identifiable.

All MOS and CMOS components shall contain circuitry to protect their inputs and
outputs against damage due to high static voltages or electrical fields.

The device Pin 1 location shall be marked on the PCB adjacent to the pin.
Transformers and Inductors

All power transformers and inductors shall have the manufacturer's hame or logo
and part number clearly and legibly stamped on the case or laminations.

All transformers and inductors shall have their windings insulated and shall be
protected to exclude moisture.

All transformers and inductor leads shall be color coded with an approved EIA color
code or identified in a manner to facilitate proper installation.

Triacs: Each triac with a designed circuit load of greater than 0.5 A at 120 VAC shall
be mounted to a heat sink with a machine screw and nut with integral lockwasher.

Circuit Breakers [10 amps (or greater)]

Circuit breakers shall be listed by UL or ETL. The trip and frame sizes shall be
plainly marked (marked on the breaker by the manufacturer), and the ampere rating
shall be visible from the front of the breaker. All circuit breakers [30 amps (or
greater)] shall be quick-break on either automatic or manual operation. Contacts
shall be silver alloy and enclosed in an arc-quenching chamber. An ambient air
temperature range of from -18°C to 50°C shall not influence overload tripping.
Minimum interrupting capacity shall be 5,000 amps, RMS.

Circuit breakers shall be the trip-free type.

Multi-pole breakers shall be the common-trip type.

Switches

Dual-Inline-Package (DIP) Quick Snap Switches: DIP switches shall be rated for a
minimum of 30,000 operations per position at 50 mA, 30 VDC. The switch contact
resistance shall be 100 milliohms maximum at 2 mA, 30 VDC. The contacts shall be

gold over brass or silver. 120 VAC or 28 VDC DIP switches shall be silver over brass
(or equal).
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1.3.14.2  Logic Switches: The switch contacts shall be rated for a minimum of one ampere
resistive load at 120 VAC or 28 VDC and shall be silver over brass (or equal). The
switch shall be rated for a minimum of 40,000 operations.

1.3.14.3 Control Switches: The switch contacts shall be rated for a minimum of 5amp
resistive load at 120 VAC or 28 VDC and shall be gold over brass (or equal). The
switch shall be rated for a minimum of 40,000 operations.

1.3.14.4 Power Switches: Ratings shall be the same as for Control switches, except the
contact rating shall be a minimum of 10 amps at 125 VAC.
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SECTION 4 — MECHANICAL REQUIREMENTS
1.4.1 Assemblies and PCB Design

1411 Assemblies (including Controller Unit): All assemblies shall be easily replaceable and
incorporate plug-in capability for their associated devices or PCBs with the following
exceptions:

e Motherboard and daughterboard assemblies
e The controller power supply may be a plug-in assembly.

1.4.1.2 Assemblies shall be provided with two guides for each plug-in PCB or associated
device (except relays). The guides shall extend to within 20 mm from the face of
either the socket or connector and front edge of the assembly. If Nylon guides are
used, the guides shall be securely attached to the file or assembly chassis.

1.4.1.3 PCBs: No component, traces, brackets, or obstructions shall be within 3 mm of the
board edge (guide edges).

1.4.1.4 The manufacturer’'s name or logo, model number, serial number, and circuit issue or
revision number shall appear and be readily visible on all items.

1.4.2 Workmanship: Workmanship shall be in accordance with the highest industry
standards.

1.4.3 Model Numbers

1.4.3.1 In addition to any assignment of model numbers by the manufacturer, a model

number assigned in the table below shall be displayed on the front panel in bold
type, at least 6 mm high. Other model numbers may be approved at the discretion of
the Engineer.

MODEL # TITLE MODEL # TITLE
170E CONTROLLER UNIT 224 Future
170E/HC-11 CONTROLLER UNIT 232e Future
200 SWITCH PACK 242 DC ISOLATOR
204 FLASHER UNIT 252 AC ISOLATOR
206 POWER SUPPLY MODULE 400 MODEM
208 WATCHDOG MONITOR UNIT 412 PROGRAM MODULE
210 CONFLICT MONITOR UNIT 430 HEAVY DUTY RELAY
222 LOOP SENSOR UNIT 170ATC  CONTROLLER UNIT

222T LOOP SENSOR UNIT (Time delay)
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1.4.4 All PCB connectors mounted on a motherboard or daughterboard shall be
mechanically secured to the chassis or frame of the unit.

1.4.5 All screw type fasteners shall utilize locking devices or locking compounds except
for finger screws, which shall be captive.

1.4.6 Tolerances: The following tolerances shall apply, except as specifically shown on
the plans or in these specifications:

Sheet Metal +1.3 mm
PCB 0, -0.25 mm
Edge Guides +0.38 mm
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SECTION 5 — ENGINEERING REQUIREMENTS
Human Engineering

To the highest practicable degree, the unit shall be engineered for simplicity and
ease of operation and maintenance. This shall include the following:

No more than two potentiometers, controls, or switches may be mounted
concentrically. Knobs for such devices shall have diameters in a ratio of 2:1 outer to
inner. The outer knob shall have a diameter of at least 25 mm.

Knobs shall be of large enough diameter (at least 12 mm diameter) and of great
enough separation (at least 12 mm edge to edge) to assure ease of adjustment
without disturbance of adjacent knobs.

All fuses shall be easily accessible and shall be replaceable without the use of any
tools.

PCBs shall slide smoothly in their guides while being inserted into or removed from
the frame and shall fit snugly into the plug-in PCB connectors.

PCBs shall require a force of no less than 2.25 kg nor greater than 22.5 kg for
insertion or removal.

Design Engineering

The following practices shall be employed in the design of solid state equipment
circuitry:

The design shall be inherently temperature compensated to prevent abnormal
operation. The circuit design shall include such compensation as is necessary to
overcome adverse effects due to temperature in the specified environmental range.

For reasons of personal safety, personnel shall be protected from all dangerous
voltages.

Generated Noise: No item, component, or subassembly shall emit a noise level
exceeding the peak level of 55 dBa when measured at a distance of 1 m away from
its surface.
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SECTION 6 — PRINTED CIRCUIT BOARD REQUIREMENTS

Design, Fabrication, and Mounting

All contacts on PCBs shall be plated with a minimum thickness of 0.00076 mm gold
over a minimum thickness of 0.0019 mm nickel.

PCB design shall be such that components may be removed and replaced without
damage to boards, conductive traces, or tracks.

Fabrication of PCBs shall be in compliance with Military Specification: MIL-P-13949,
except as follows:

Only NEMA FR-4 glass cloth base epoxy resin, copper-clad laminates 1.59 mm
minimum thickness shall be used. Inter-component wiring shall be by laminated
copper-clad track having a minimum weight of 570 g/m2, with adequate cross
section for current to be carried. All copper tracks shall be plated or soldered to
provide complete coverage of all exposed copper track. Jumper wires will not be
permitted, except from plated-through padded holes to an external component or for
designed function selection with the jumper insulated and as short as possible.

In Section 3.3 of Military Specification: MIL-P-13949G, Grade of Pits and Dents shall
be of Grade B quality (3.5.1.3) or better.
In Section 3.3 of Military Specification: MIL-P-13949G, class of permissible bow or

twist shall be Class C (Table V) or better.”

Sections 4.2 through 6.6 of Military Specification: MIL-P-13949 (inclusive) shall be
omitted except as referenced in previous sections of this specification.

The fabrication of PCBs and the mounting of parts and assemblies thereon shall
conform to Military Specification: MIL-STD-275E, except as follows:

All semiconductor devices required to dissipate more than 250 mw or any case
temperature that is 10°C above ambient shall be mounted with spacers, transipads,
or heat sinks to prevent direct contact with the PCB.

When completed, all residual flux shall be removed from the PCB.

The resistance between any two isolated, independent conductor paths shall be at
least 100 megohms when a 500 VDC potential is applied.

All PCBs shall be coated with a moisture resistant coating.
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Where less than 6 mm lateral separation is provided between the PCB (or the
components of a PCB) and any metal surface, a 0.8 (+0.4) mm thick Mylar
(polyester) plastic cover shall be provided on the metal to protect the PCB.

Each PCB connector edge shall be chamfered at 30° from board side planes. The
key slots shall also be chamfered so that the connector keys are not extracted upon
removal of board or jammed upon insertion. The key slots shall be 1.1 (+0.1) mm
for 2.5 mm spacing and 1.4 (+0.1) mm for 4 mm spacing.

Soldering

Hand soldering shall comply with Military Specification: MIL-STD-2000.

Automatic flow soldering shall conform to the following conditions:

Constant speed conveyor system

Conveyor speed shall be the optimum to minimize solder peaks or points that form
at component terminals.

Temperature shall be controlled to within £8°C of the optimum temperature.

The soldering process shall result in the complete coverage of all copper runs,
joints, and terminals with solder, except that which is covered by an electroplating
process.

Wherever clinching is not used, a method of holding the components in the proper
position for the flow process shall be provided.

If exposure to the temperature bath is of such a time-temperature duration as to
come within 80% of any component's maximum specified time-temperature
exposure, that component shall be hand soldered to the PCB after the flow process
has been completed.

Definitions: Definitions for the purpose of this section on PCBs shall be taken from
MIL-P-55110D Section 3.3 and any current addendum.
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SECTION 7 — ELECTRICAL, ENVIRONMENTAL, AND TESTING REQUIREMENTS

171

1711

1.7.1.2

1.7.1.3

1.7.2

1721

1722

1.7.2.3

1.7.3

1.73.1

1.73.11

Signal Controller Testing Procedure Performed by STATE
Submittals

The Contractor is required to submit a proposed material list within 30 days after
award of contract.

All traffic signal control equipment is to be delivered to:

Oregon Department of Transportation
Traffic Signal Services Unit

2445 Liberty Street NE

Salem, Oregon 97303

The Contractor shall allow six (6) weeks for testing. All required equipment including
wiring diagrams shall arrive in one shipment. Partial shipments will not be accepted
and will be returned to the Contractor freight collect.

Categories

All traffic signal control equipment will be tested in three (3) categories: physical,
environmental, and operational. STATE procedures for accomplishing these tests
are contained in Appendix A of this specification.

If a failure occurs at any step in the test — physical, environmental, or operational —
the Contractor will be permitted to make on-site repairs within five (5) days after
notification of the malfunction. The test will then be restarted at the beginning of the
category in which the malfunction occurred. Failure to make repairs within five (5)
days after notification will result in rejection.

If equipment malfunctions twice in the same category, the equipment will be
rejected. When equipment is rejected, items rejected will be returned, freight collect,
to the Contractor or may be picked up by the Contractor within 10 days after
notification. New equipment, having a different serial number, must then be
submitted for testing. Rejected equipment shall not be used on signal projects within
the State of Oregon.

Failures

A failure shall be defined as any occurrence where results are other than normal
operation of the equipment. The test specimen is considered to have incurred a
failure if any of the following examples of discrepancies occur:

If the controller unit skips intervals or phases, places false calls, displays false
indicator lights, exhibits disruption of normal sequence, or produces changes in
timing beyond specified tolerances
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1.7.6.2

1.7.7

1.7.71

If the load switches produce incorrect signal indications

If the signal conflict monitor fails to satisfy the requirements of the contract
specification

Test Results

A copy of the test results will be sent to the Contractor, Vendor, Project Manager,
District Maintenance Supervisor, Regional Engineer, and Traffic Engineer, as
applicable.

Delivery to Project Site

After the successful testing of controller equipment, the Contractor shall pick up and
install all tested equipment, except that the STATE shall have the option of holding
all or selected cabinet control equipment at the testing shop until such time as the
controllers are required for turn-on. Successful completion of the test does not
relieve the Contractor of equipment warranty obligations.

On projects where the STATE has held the controller at the testing shop, the STATE
will deliver and install the controller, check the field wiring and, with the Regional
Traffic Engineer, set timing. The Contractor, and/or Representative, shall be at the
project site and is to assist the STATE in any way necessary to accomplish the turn-
on.

Physical Testing

Inspection - A visual and physical inspection shall include mechanical, dimensional,
and assembly conformance of all parts to these specifications.

Evaluation - The capabilities of the controller and auxiliary equipment shall be
evaluated for conformance to these specifications.

Environmental and Electrical Testing

All components shall properly operate within the following limits unless otherwise
noted:

Applied Line Voltage: 95 to 130 VAC*

Frequency: 60 (+/-3.0) Hertz

Humidity: 5 to 95 percent

Ambient Temperature: -34°C to +73°C

Shock: Test per Specification MIL-STD-810E Method 516.4

Vibration: Test per Specification MIL-STD-810E Method 514.4,
equipment class G

*Refer to Power Failure and Power Restoration requirements of individual equipment.
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1.7.7.2 All circuits, unless otherwise noted, shall commence operation at or below 90 VAC
as the applied voltage is raised from 50 to 90 VAC at a rate of 2 + 0.5 volts/second.

1.7.7.3 All equipment shall be unaffected by transient voltages normally experienced on
commercial power lines. Where applicable, equipment purchased separately from
the cabinet (which normally is resident) will be tested for compliance in a STATE
accepted cabinet connected to the commercial power lines.

1.7.7.4 The power line surge protection shall enable the equipment being tested to
withstand and operate normally following the discharge of a 25-microfarad capacitor:

1.7.7.4.1 The capacitor shall be charged to +2,000 volts and applied directly across the
incoming AC line.

1.7.7.4.2 The capacitor shall discharge at a rate of once every 10 seconds for a maximum of
50 occurrences per test.

1.7.7.4.3 The unit under test will be operated at 20° +5°C and at 120 +12 VAC.

1.7.75 The equipment being tested shall withstand and operate normally when one
discharge pulse of +300 volts is synchronously added to its incoming AC power line
and moved uniformly over the full wave across 360 degrees or stay at any point of
Line Cycle once every second:

1.7.7.5.1 Peak noise power shall be 5 kilowatts with a pulse rise time of 500 ns.

1.7.7.5.2  The unit under test will be operated at 20° +5°C and at 120 +12 VAC.

1.7.7.6 The controller unit communications modules shall be tested resident in a STATE
accepted controller unit, which in turn is housed in the cabinet.

1.7.7.7 Equipment shall comply only with the requirements of UL Bulletin of Research
No. 23, “Rain Tests of Electrical Equipment.”

1.7.7.8 Equipment shall continue normal operation when subjected to the following:

1.7.7.8.1 Low Temperature Test - With the item functioning at a line voltage of 90 VAC in its
intended operation, the ambient temperature shall be lowered from 20°C to -34°C at
a rate of not more than 16°C per hour. The item shall be cycled at -34°C for a
minimum of 12 hours and then returned to 20°C at the same rate. The test shall be
repeated with the line voltage at 135 VAC.
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1.7.7.8.2 High Temperature Test - With the item functioning at a line voltage of 90 VAC in its
intended operation, the ambient temperature shall be raised from 20°C to 73°C at a
rate of not more than 16°C per hour. The item shall be cycled at 73°C for 12 hours
and then returned to 20°C at the same rate. The test shall be repeated with the line
voltage at 135 VAC.

1.7.7.8.3  All equipment shall resume normal operation following a period of at least 12 hours
at —34°C and less than 10 percent humidity and at least 12 hours at 73°C and 90
percent humidity when 90 VAC is applied to the incoming AC.

1.7.7.9 The relative humidity and ambient temperature values in the following table shall not
be exceeded.

AMBIENT TEMPERATURE VERSUS RELATIVE HUMIDITY
AT BAROMETRIC PRESSURES (29.92 Inches of Hg.)

Ambient Temperature/ Relative Humidity Ambient Temperature/
Dry Bulb (in °C) (in percent) Wet Bulb (in °C)
-340to 1.1 10 -17.2 to 42.7

1.1t046.0 95 42.7
48.8 70 42.7
54.4 50 42.7
60.0 38 42.7
65.4 28 42.7
71.2 21 42.7
73.0 18 42.7

1.7.7.10  All equipment shall be capable of normal operation following opening and closing of
contacts in series with the applied voltage at a rate of 30 openings and closings per
minute for a period of 2 minutes in duration.
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CHAPTER 2

SPECIFICATIONS FOR MODEL 170E CONTROLLER UNIT
MODEL 412 PROGRAM MODULE
MODEL 170E/HC-11 CONTROLLER UNIT
AND HC-11 CPU BOARD
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SECTION 1 - GENERAL REQUIREMENTS

2.1.1 Power Failure: A power failure is said to have occurred when the incoming line
voltage falls below 92 (+2) VAC for 50 ms. The determination of the 50 ms interval
shall be completed within 67 ms of the time the voltage falls below 92 (+2) VAC.

2.1.2 Power Restoration: Power is said to be restored with the incoming line voltage
equals or exceeds 97 (x2) VAC for 50 ms. The determination of the 50 ms interval
shall be completed within 67 ms of the time the voltage first reaches 97 (x2) VAC.

2.1.3 Power Conditions: A reaction period of 16.7 ms (one 60 Hz cycle) may be added to
the 50 ms Power Failure or Power Restoration timing as shown in Section 2.1.1 or
Section 2.1.2 respectively. The hysteresis between power failure and power
restoration voltage settings shall be a minimum of 5 volts with a threshold drift of no
more than 0.2 VAC.

2.14 The general system address organization of the Model 170E controller shall be as
listed below. The internal module address organization shall be as specified in the
appropriate module section.

Function Address Range Comments
CPU SRAM 0000 — O7FF
DTA Minutes 5000 — READ 5000 Write reset DTA
Input/Output 5001 — 500A 5001 BIT 1 Input assigned to

restart timer — 5009 & 500A
Read reserved
Reserved 500B — 500E
DTA Seconds 500F — READ 500F Write reserved
Reserved 5010 — 5FFF
Real Time Clock Reset 5FFF — WRITE  5FFF Read reserved
ACIA No. 1 6000 Write CR, Read SR
ACIA No. 1 6001 Write TDR, Read RDR
ACIA No. 2 6002 Write CR, Read SR
ACIA No. 2 6003 Write TDR, Read RDR
ACIA No. 3 6004 Write CR, Read SR
ACIA No. 3 6005 Write TDR, Read RDR
ACIA No. 4 6006 Write CR, Read SR
ACIA No. 4 6007 Write TDR, Read RDR
Reserved 6008 — 6FFF
Program Module 0800 - 4FFF
7000 - FFFF
Table Note:
Address locations noted as Reserved are assignable by the STATE only and shall not be used.
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2.15

The general system address organization of the Model 170E/HC-11 controller unit
shall be as listed below. The internal module address organization shall be as
specified in the appropriate module section.

Function Block Size (Bytes)
170 RAM 24K
RAM 4K
CONFIG. REG. + RAM 1K
Input/Output 512
RAM 2K
EPROM 32K
Switch 1
Switch 1
Switch 1
Status Indicator 1
Configuration Reg. 96
RAM 1K (-96)
DTA Minutes 1
DTA Seconds 1
Input/Output 10
ACIA 8
DPR 8
IRQ/STAT 1
RAM 2K
Reserved 8

Location

0000-5FFF
6000-6FFF

7000-73FF
7400-75FF
7600-7FFF
8000-FFFF
700A
7000
7002

7002
7000-705F
7060-73FF

7400

740F
7401-740A
7410-7417
7500-7507

75FF
7600-7FF7
TFF8-7FFF

Comments

CPU Board RAM

INT. Jumper Position (See note
below)

Initiate immediately on start up.
External 1/0 Functions

CPU Board RAM

CPU Board PROM Memory
Feature Switch HC-11 Port E
Location Switch HC-11 Port A
PROM Bank Switch Select HC-11
Port G-BIT 1

HC-11 Port G- BIT 3 (1 =o0n)
68HC-11 Configuration Registers
68HC-11 RAM

I/O DTA Read Minutes

I/0O DTA Read Seconds

I/O READ and WRITE

Serial Ports SP1 - SP4

Dual Port Semaphores

60 Hz RESET and IRQ STATUS
CPU Board RAM

Reserved Clock/Calendar
operation

2.1.6

2.1.7

Chapter 2 -

Table Note:

EXT JUMPER position is Configuration #2.
Configuration #2 redirects address 6000-6FFF to the Prom Module slot.

The total memory access time including buffering, decoding, device access time,
and accessed data presented to the controller data bus shall not exceed 300 ns. The
memory device shall have read and write (if applicable) times suitable to perform
either function in one MPU instruction cycle.

Each memory device shall stabilize to normal operation within 10 ms following
power restoration and shall be in standby until addressed. Each device shall have
the following maximum power drain at +5 VDC in its various states:

MEMORY
EPROM
SRAM

Model 170E Controller Unit

ACTIVE STANDBY

100 mA 40 mA

85 mA 20 mA
34
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POWERDOWN

100 pA (non-internal power)
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2.1.8

2.1.9

2.1.10

CPU EPROM memory sockets shall be a 28 Pin AMP Diplomate LF #641894 2 (or
equal). The MPU, ACIA and other memory sockets shall be an AUGAT #500/800
series AG10DPC (or equal). Each socket number shall be permanently marked on
the PCB adjacent to its Pin 1. Should the “...or equal MPU” Pin/Package be other
than the 40 pin package, the MPU socket used shall match the above specified
socket features.

If a PAL, EPROM, or ROM device is used in address decoding and timing
algorithms, the device code listing, together with data sheet(s) and any specific
coding requirements shall be included in the unit or module documentation. The
device coding shall be delivered in the same form that the Contractor uses to directly
reproduce the device.

The traffic signal control program and PROMS with PROM module for the Model
170E will be furnished by the STATE.
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SECTION 2 — MODEL 170E CONTROLLER UNIT REQUIREMENTS
Unit Composition
The Controller Unit shall consist of the following:

Central Processing Unit with 6800 MPU
Input/Output Interface

Unit Chassis

Unit Power Supply with external power connection
Unit Standby Power

Front Panel Assembly (FPA)

Internal System Interface

Connectors C1S, C2S, C20S, C30S, C40S, and T-1
Communications System Interface

Model 400 Modem

Model 412 Program Module

The composition weight shall not exceed 11.5 kg.
Central Processing Unit (CPU)

The CPU shall be provided with a 6800 MPU and shall properly execute object
programs developed to operate on the MPU. The MPU interrupt requirements shall
be as follows:

Non-Maskable Interrupt (NMI): The NMI is exclusively assigned to the power failure
function. A power failure shall cause the MPU NMI line to immediately go LOW.
The line shall be held LOW until the RES goes LOW to prevent multiple NMI
issuance.

Reset Interrupt (RES): The RES is exclusively assigned to power restoration and
MPU startup. The RES line shall go LOW 3 (1) ms following the NMI going LOW.
The line shall remain LOW until 150 (£75) ms after power restoration.

Interrupt Request (IRQ): The IRQ line shall be jointly used by the RTC and the four
ACIAs to initiate an IRQ to the MPU.

Real Time Clock (RTC): RTC circuitry shall be provided to trigger an interrupt to the
MPU on the IRQ line once every 1/60 of a second during the 270° to 330° portion of
the AC Sine Wave. The AC Sine Wave shall be derived from the local power
company’s 120 VAC 60 Hz frequency. The RTC shall be READ at bit 8, Address
5FFF (status) and reset by a WRITE to Address 5FFF.
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Asynchronous Communication Interface Adapter (ACIA): Four ACIAs shall be
provided, each capable of receiving and transmitting up to 8 bits of parallel data from
the MPU for serial data communications. Each ACIA shall have four registers that
are addressable by the MPU. The MPU shall be capable of reading the Status
Register (SR) and the Receiver Data Register (RDR), and writing in the Transmit
Data Register (TDR) and in the Control Register (CR).

Each ACIA shall be provided with a 2-post type jumper between its IRQ output and
the MPU IRQ input. The controller shall be delivered with these jumpers installed.

CPU Clock Timing - The CPU clock circuitry shall be provided to generate the MPU
clock timing. The clock circuitry and the MPU shall provide two selectable MPU
machine cycle times of 0.651 and 1.302 (+0.0015 pS). The machine cycle time
selection shall be by Post Jumper (3-post type) with jumper in for 1.302 uS. The
CPU clock circuitry shall be located no further than 50 mm from the MPU clock pin
inputs.

SRAM memory, DALLAS 1235Y (or equal), shall be provided.
An EPROM memory, INTEL 27256A (or equal), shall be provided in socket U6.

Restart Timer: A Restart Timer Circuitry shall be provided to react to the duration of
power outage. The Restart Timer output is hormally HIGH. When the NMI line goes
LOW, the Restart Timer shall begin timing. If the timer reaches 1.75 (x
0.25) seconds, its output state shall go to LOW and remain in that state for 50 (+
24) ms after the RES line goes HIGH. If power is restored prior to the timer timing
out, the output shall remain HIGH and the timer shall be reset to “0”".

Downtime Accumulator (DTA)

A DTA shall be provided to accumulate time between power failure and restoration.
The DTA shall start counting immediately upon NMI line going LOW and continue
counting until the RES line goes HIGH following power restoration.

The DTA shall have two, 8-bit binary registers counting the number of minutes and
seconds. DTA accuracy shall be £1 second over the 255-minute range. The DTA
shall stop counting when the Minutes register equals 255 decimal. Both DTA
registers shall reset to “0” by a WRITE to Address 5000. The DTA shall READ
minutes at Address 5000 and seconds at Address 500F. The Seconds register shall
count 0 to 59 seconds decimal in 1 second increments. At 60 seconds, the Minutes
register shall be incremented and the Seconds register shall reset to “0".

Total current drain for DTA and Restart Timer Circuitry (powerdown mode) shall not
exceed 400 PA at 5 VDC, 35° C while timing and 100 pA at 5 VDC when timeout is
latched.
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Input/Output Interface

Input/Output interface shall utilize a ground true logic. The transfer of data between
interface and working registers within the MPU shall be in 8-bit word increments,
minimum. The steering of data from inputs or outputs for a given address shall be
controlled by the state of MPU read/write command at the time the given address is
valid.

Output Interface: The output interface shall consist of a minimum of 80 bits of
buffered storage. Output data shall be latched at the time of writing from the MPU.
This interface shall provide an NPN open collector output capable of driving up to 40
VDC and sinking up to 100 mA. A “1" from the MPU shall be presented as a
grounded collector, and a “0” presented as an open circuit. Once a port is written
into, the data shall remain present and stable until either another word is written into
it or until the power is turned off. The state of these output ports at the time of power
up or below power failure threshold shall be an open circuit.

Input Interface: The input interface shall consist of a minimum of 64 bits of gated
inputs from external devices. Each Logic level input shall be turned ON (true) when
the input voltage is less than 3.5 VDC; shall be turned OFF (false) when the input
current is less than 100 pA or the input voltage exceeds 8.5 VDC; shall pull up to 12
VDC; and shall not deliver in excess of 20 mA to a short circuit to Logic level
common. When the appropriate input address is impressed upon the input interface,
the interface shall place its data on the data bus, which will be read by the MPU.
Ground on any input shall be interpreted by the MPU as a “1” and an open on any
input or the presence of a voltage greater than 8.5 VDC shall be interpreted as a “0”
by the MPU when that input is read.

Unit Chassis

The controller unit shall be housed in a compact, portable metal enclosure suitably
protected against corrosion. The controller unit shall mount in a standard EIA
483 mm rack. The enclosure shall be designed for convenient removal of PCBs
without use of tools.

Unit Power Supply

A power supply shall be provided to produce all DC power necessary to operate the
controller unit. In addition, the supply shall provide the following voltages and
current:

1,000 mA at +12  (+0.5 VDC)
300mAat -12 (0.5 VDC)
500mAat +5 (+0.25 VDC)
400mAat -5 (x0.25VDC)
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The DC ground shall not be connected to the EG.

Controller unit power shall be held up (DC Logic voltages at normal operating levels)
for a minimum of 50 (£17) ms beyond the NMI line going LOW.

The maximum DC voltage generated shall not exceed 45 volts.

The power supply shall be so designed that no further filtering regulation is needed
for the required DC voltages.

Radio frequency suppressors shall be provided on the AC+ and AC- power lines.
The part shall be a COR COM 3VS1 (or equal).

Unit Standby Power

A standby power shall be provided to retain power (minimum of 72 hours) to the
CPU Restart Timer, DTA and Internal RTCA during power failure in the controller
unit. The supply shall consist of holdup capacitors, capacitor charging circuitry, and
power sense/transfer circuitry.

The power sense/transfer circuitry shall sense power loss and transfer capacitor
power immediately to the required circuits. The transfer circuitry shall isolate the
capacitors by transistor or relay until power loss transfer. The circuitry shall sense
power restoration and transfer back to the normal isolation mode.

A charging circuit that shall, under normal operating conditions, fully charge and float
the standby capacitors consistent with manufacturer’s recommendations.

Front Panel Assembly

The front panel shall be securely fastened to the chassis and removable without the
need for tools. A continuous hinge shall be provided on the left side of the unit to
permit opening of the front panel and ready access to the interior of the controller
unit.

The front panel shall be electrically connected by means of Connector C3. The front
panel shall be connected to EG through Connector C3.

The character displays shall be hexadecimal with circuits to accept, store, and
display 4 bit binary data. The characters shall be 10 mm high, minimum. Each
character shall have latch, strobe, and blanking inputs. The second character from
the right (lower row) shall have a right decimal point. The face of the character
display shall be scratch and solvent resistant. The transfer of data from the MPU
through the output interface to the display shall result in the display of each
character in its non-inverted state.
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The front panel shall be provided with 10 LED call/ACTIVE indicators.

A keyboard shall be provided. The transfer of data from the keyboard by way of the
input interface to the MPU shall result in each character being received in its non-
inverted state. The character shall consist of four bits of binary data, while the
character control shall consist of one bit. A low state on the character control to the
interface shall indicate the presence of a valid character. Each key shall be
engraved or embossed with its function character, shall have a minimum surface
area of 5 mm2, and shall be mounted on 13 mm centers, minimum; shall have an
actuation force between 50 and 100 grams; and shall provide a positive tactile
indication of contact. Key contacts shall have a design life of over one million
operations, shall be rated for the current and voltage levels used, and shall stabilize
within 5 ms following contact opening.

The front panel shall be provided with a toggle Logic switch to enable the stop timing
function and shall be labeled “STOP TIMING”.

An “ON-OFF” toggle control switch and fuse shall be provided for AC power. The
switch and fuse shall protrude through the front panel, but shall remain with the
controller unit chassis when the front panel is removed. The fuse shall be a 3AG
Slow Blow type, rated at either 1 or 2 amps, dependent upon the controller unit
power requirements.

The Front Panel used with a Model 170E/HC-11 Controller Unit does not require a
program module opening as shown on Drawing No. 1 and specified in note 3
thereon. A Front Panel supplied with such an opening shall have the opening
covered. The material used for the FPA Blank Cover shall be the same material as
used for the Front Panel and of a size sufficient to provide secure mounting to the
FPA, but in no case larger than 165 x 55 mm. Exposed corners shall be rounded.

Internal System Interface

PCB to PCB Connector spacing shall be a minimum of 25 mm. Continuous Nylon
card guides (permanent locking type) shall be provided for the modules and all
internal PCBs.

Two PCB 22/44S Connectors shall be provided for the Modem Modules MC1 and
MC2.

The depth placement of the program module connector shall be such that the
program module front panel shall be flush with the Controller Unit front panel when
the module is connected.
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Data and Address Bus Requirements

All data bus buffers and data bus drivers shall be tri-state buffered devices enabling
them to drive a load consisting of 10 TTL gates and 200 pF. The propagation delay
time shall be less than 30 ns.

All address bus inputs shall be buffered and shall load the bus by 1 TTL gate load
and 100 pF.

Connector Requirements

Connector C1S shall be mounted on the controller unit providing 44 inputs and 56
outputs of control interface to and from external devices or files.

The Model 400 Modem and ACIA connections into and out of the controller unit shall
be made through Connector C2S, C20S, C30S, C40S, and Terminal Block T-1
(TYPE T Connector). The control and data transmission lines for ACIA 1 shall be
paralleled through C2S and T-1 connectors. ACIA 2 lines shall be routed to C20S
Connector, ACIA 3 to C30S, and ACIA 4 to C40S.

Communication System Interface

The communication system shall consist of the CPU; ACIAs; motherboard and
daughterboard connectors & lines; Modem Module Connectors MC1 & MC2 &
interfaces between ACIA & Modem; and both Modem & ACIA to C2S, C20S, C30S,
C40S, and Connector T-1 Terminal. The interface between the ACIA and Modem
shall comply with EIA-232-C Standards and all functions under T-1, C2S, C20S,
C30S, and C40S Connectors are referenced to the ACIA. AUDIO IN and AUDIO
OUT are referenced to the Modem. The RTS and TX data lines to the Modem shall
have MARK and SPACE voltages of —12 and 12 VDC respectively. Schematic
diagrams for the motherboard and daughterboard are provided in Drawing Numbers
16 and 17, respectively.

C20S, C30S, and C40S Connectors shall meet the requirements for the C2
Connector.

A minimum of four baud rate frequencies, 19.2 kHz, 38.4 kHz, 76.8 kHz, and 153.6
kHz shall be provided at the ACIA Rx/Tx Clock Inputs (pins 3 & 4). The frequency
selection shall be by post type jumpers. Each ACIA shall have independent baud
rate selection with jumpers delivered pinned for 19.2 kHz.
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Electrical Requirements
The front panel and chassis shall be connected to EG.

A surge arrestor shall be provided between the AC+ and AC- for protection against
power line noise transients. The surge arrestor shall meet the following
requirements:

Recurrent peak voltage: 212 volts

Energy rating, maximum: 20 Joules

Power dissipation, average: 0.85 watt
Peak current for pulses less than 6 uS: 2,000 amperes
Standby currents: Less than 1 mA

Two 0.5 ohm, 10 watt wire-wound power resistors with a 0.2 pH inductance shall be
provided (one on the AC+ power line and one on the AC- line). Three surge
arrestors rated for 20 Joules shall be supplied between AC+ and ground, AC- and
ground, and between AC+ and AC-. A 0.68 pF capacitor shall be added between
AC+ and AC- coming off the 0.5 ohm resistor.

The AC power to the controller unit shall be supplied by a 3-conductor cable at least
one meter in length. The cable shall terminate in a NEMA Type 5-15P grounding-

type plug.

Test points shall be provided for monitoring all power supply voltages. All test points
shall be readily accessible when the front panel is opened. Any provided test point
shall be isolated such that attaching a test probe shall not impact the operation of
the controller unit. The test points shall be post type, 1.6 mm diameter and 5 mm
high, minimum. The clearance between test points and other components shall be
6.5 mm, minimum.
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SECTION 3 — MODEL 412 PROGRAM MODULE REQUIREMENTS

2.3.1 System Memory Module (Provided with Model 170E Controller only.)

2.3.11 The module shall comply with the details and connections shown on the drawings
herein for the controller PROM module.

2.3.1.2 All electrical connections in and out of this module shall be through a printed circuit
connector having two rows of 36 independent bifurcated contacts on 2.54 mm
centers. The module PCB connector shall be provided with electrostatic charge
protection to prevent CMOS device damage.

2.3.1.3 The module shall be designed so that persons inserting or removing the assembly
shall not be required to insert hands or fingers within the controller unit housing this
modular assembly. A handle or gripping device protruding no more than 30 mm from
the front panel shall be attached to the front of the assembly. The front panel shall
be connected to EG.

2.3.14 The total module current requirements shall not exceed 450 mA at +12 VDC and
100 mA at +5 VDC.

2.3.1.4.1  All data inputs and outputs shall be tri-state buffered, enabling them to drive a load
consisting of 10 TTL gates and 200 pF. When this module is not being addressed,
the data output and input shall be disabled into a high impedance state and the data
I/O lines shall not source or sink more than 100 pA. All address inputs shall not load
the bus by more than 1TTL gate load and 100 pF.

2.3.15 The memory shall consist of addressable locations (blocks) from 0000 to FFFF. The
minimum configurations the module shall be capable of addressing are the following:
Configuration 1

A000 — FFFF EPROM (27256)

8000 — 9FFF RAM, NON-VOLATILE RAM
7000 — 77FFRAM, NON-VOLATILE RAM

0800 — 4FFF RAM, NON-VOLATILE RAM

Configuration 2

8000 — FFFF EPROM (27256)

7000 — 7FFF RAM, NON-VOLATILE RAM
0400 — 4FFF RAM, NON-VOLATILE RAM
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2.3.1.5.1 The module will be user programmable, capable of a minimum of the previously
defined configurations. The memory devices to be used on the module (EPROM,
RAM, NON-VOLATILE RAM) will be specified by the STATE.

2.3.16 The module shall operate and intermate with the controller unit.

2.3.1.7 The front panel of the module shall be labeled “Model 412”.
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SECTION 4 — MODEL 170E/HC-11 CONTROLLER UNIT REQUIREMENTS
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Unit Composition
The Controller Unit shall consist of the following:

Central Processing Unit with 68HC11F1 MPU
Input/Output Interface

Unit Chassis (per Model 170E)

Unit Power Supply with external power connection
Unit Standby Power

Front Panel Assembly (FPA per Model 170E)
FPA Blank Cover

Internal System Interface

Connectors C1S, C2S, C20S, C30S, C40S, and T-1
Communications System Interface

Model 400 Modem(s)

The composition weight shall not exceed 11.5 kg.
Central Processing Unit (CPU) Module

This specification defines a replacement CPU board for the 6800 MPU based CPU
board in the standard 170E controller and should conflicts arise in components or
parameters, those components or parameters necessary to support the functions
specified in this section shall take precedence.

The HC-11 CPU Module shall operate a 68HC11F1 MPU and shall functionally
replace the existing 6800 MPU and prom board (System Memory Module) in the
Model 170E.

The MPU shall operate with a crystal frequency of 8MHz.

The MPU shall be socket mounted in an AMP PLCC socket #821574-1 series HPT
or equal.

Four 6850 communication ICs operating with a crystal frequency of 6.144 MHz shall
be provided.

Each communication IC shall have programmable jumpers to select baud rates of
1200, 2400, 4800, 9600 and 19200.

No IRQ inhibits shall be provided. All ACIA ports shall be active and shall be
software initialized at startup.

An IRQ status register shall be provided as specified in Chapter 2, Section 2 of this
specification.
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The RAM shall be socket mounted and resident on the CPU board.
The RAM socket shall be a 28 pin Augat 828 series or equal.

If an RTC clock is not required, the RAM will be continuous from locations $0000 to
$6FFF. The RAM shall be a zero power device exclusively (Dallas 1230 or equal).

If an RTC clock is required, the RAM shall be a Dallas 1644 or equal. The clock
address shall be in the 1/0O map at location $7FF8 to $7FFF.

A jumper select shall be provided to switch RAM locations $6000 to $6FFF from
‘internal’ (Configuration #1) to ‘external’ (Configuration #2) for access to the remote
Dual Port location. The status of the jumper position shall be read at bit 5 on the IRQ
register. Dedicated access for dual port configuration to RAM locations $6000 to
$6FFF only shall be provided when an enhanced Program Module is used.

The EPROM shall be socket mounted and resident on the CPU board.
The EPROM socket shall be a 32 pin ZIF force device.

The EPROM shall be jumper selectable to function as either a 32K x8 or a 128K x 8
device.

When using a 128K EPROM, a bank switch shall be enabled within the EPROM
memory system and shall function by moving to the upper 64K segment. The bank
switch jumper controls address line A16. The bank shall be activated by a ‘write’ to
location $7002 (directly connected to Port G on the HC-11 MPU) and will enable an
extra 32K of EPROM memory. The status of A16 will be read at bit 6 on the IRQ
register.

An eight-position, front reading DIP switch used as a ‘feature switch’ and addressed
at $700A (Port E), shall be provided on the front portion of the CPU board.

An eight-position, front reading DIP switch used as a ‘location switch’ and addressed
at $7000 (Port A), shall be provided on the front portion of the CPU board.

A header shall be provided near the front of the CPU module for the SPI and serial
interface pins.

An LED indicator shall be located on the front of the CPU board and shall be
controlled by a software output of Port G, bit 3.

Transorb protection shall be provided on voltages (+12VDC, -12VDC and +5VDC)
input to the CPU board.
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2.4.2.11 Internal Module Address Organization

2.4.211.1 The decoder for the two CPU Module system address organizations shall be
furnished in address ‘1'.

2.4.2.11.2 The two address configurations shall be selectable by use of a three-post jumper
labeled ‘INT’ and ‘EXT’. The input line ‘state condition’ shall cause the decoder to
provide the address configuration shown below.

Input Line  Configuration Function
INT 1 Address 6000 — 6FFF shall reside on the
internal RAM.
EXT 2 Address 6000 — 6FFF shall reside on the

external Program Module.
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CHAPTER 3

SPECIFICATIONS FOR MODEL 200 SWITCH PACK,
MODEL 204 FLASHER UNIT,
AND MODEL 430 FLASH TRANSFER RELAY

Chapter 3 - Model 200 Switch Pack 49 October 23, 2000
Model 204 Flasher Unit
Model 430 Flash Transfer Relay



Blank page

Chapter 3 - Model 200 Switch Pack 50 October 23, 2000
Model 204 Flasher Unit
Model 430 Flash Transfer Relay



3.11

3.1.2

3.1.3

3.14

3.15

3.1.6

3.16.1

3.1.6.2

3.1.6.3

3.1.6.4

3.1.6.5

Chapter 3 -

SECTION 1 - GENERAL REQUIREMENTS

The module chassis providing rigid unit support (for connector mounting, PCB
support, module alignment, and insertion/removal) and triac heat sinking shall be
made of metal suitable to meet support and environmental requirements. Where
electrical isolation protection is the only requirement, plastic insulation material may
be used in lieu of metal.

Each module shall be so constructed such that persons inserting or removing the
module will not be exposed to any parts having live voltage. A handle shall be
attached to the front of Model 200 and 204 modules to facilitate the module insertion
or removal from its mating connector.

The Model 200 and 204 modules shall be so constructed that their lower surfaces
will be no more than 53 mm below the centerline of the connector and that no part
will extend more than 23 mm to the left or 28 mm to the right of the centerline of the
connector pin array.

Continuous edge guides shall be provided on the Model 200 and 204 modules.

The front panel of the Model 200 and 204 modules shall be provided with one
indicator per switch. The indicators shall be vertically centered on the front panel
with top and bottom indicators no more than 25 mm from the panel vertical center.

Switches

Each switch shall have the capability of switching any current from 0.05 to 15 amps
(AC) of tungsten lamp load or 15 amps (AC) at a power factor of 0.85.

Each switch shall turn ON within £5° of the “0” voltage point of the AC sinusoidal
line, and shall turn OFF within £5° of the “0” current point of the AC sinusoidal line.
After power restoration, the “0” voltage turn ON may be within £10° of the “0” voltage
point only during the first half cycle of line voltage during which an input signal is
applied. Turn ON and OFF shall be within 8.33 ms following application or removal
of the Logic signal, respectively.

Each switch shall be designed for a minimum of 300 million operations while
switching a tungsten filament load of 1,500 watts at 70°C.

Each switch shall have isolation between input DC control and AC to lights output
circuit of at least 2,000 VDC and 10,000 megohms DC.

Each switch shall have a 1-cycle surge rating of 175 amps RMS and a 1-second
surge rating of 40 amps RMS.
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3.1.6.6 Each switch shall be capable of withstanding a peak inverse voltage of 500 volts at
70°C and no more than 20 mA leakage.

3.1.7 The connector plug contact tails shall be solder hook or eye styles only. PCB
(soldered to the PCB) and quick connect connection styles are not allowed.

3171 Exception: Load switches and flashers having all components totally encapsulated
on the connector shall be permitted [Traftech 200/204 (or equal)].
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SECTION 2 — MODEL 200 REQUIREMENTS

3.21 The Model 200 Solid State Switch Pack shall be a modular plug-in device
containing three solid state switches to be used for opening and closing connections
between the applied power and an external load.

3.2.2 A LOW state input (negative true logic) from the controller unit (saturated NPN
transistor, 0 to 6 VDC) shall cause the switch to be energized. A HIGH state input
[cut-off NPN transistor, 10 VDC (or greater)] shall cause the switch to de-energize.
The state transition (conducting to nonconducting or vice versa) shall occur between
6 and 16 VDC.

3.2.3 The incoming logic signal shall not sink more than 20 mA nor be subjected to
more than 30 VDC.

3.24 The module shall not draw more than 60 mA at +16 VDC (or greater) from the
cabinet power supply with all switches ON.

3.25 Each switch shall have an OFF state dv/dt rating of 100 volts per uS (or greater).

3.2.6 The indicators shall be labeled or color-coded from top to bottom: “Red”, “Yellow”,
and “Green”. Each indicator shall indicate a controller unit output circuit.

3.2.7 The input circuit of each switch shall have reverse polarity protection.

3.2.8 The resistance between the AC+ input terminal and the AC+ output terminal of
each switch shall be 15,000 ohms, minimum, when the switch is in the open position.
The output current from the switch through the load when the load switch is in the
OFF state shall not exceed 20 mA, peak.

3.2.9 Each switch shall be isolated so that line transients or switch failure will not
adversely affect the controller unit.

3.2.10 The plug connector shall be a BEAU P-5412-LAB (or equal).
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SECTION 3 — MODEL 204 REQUIREMENTS

3.3.1 The Model 204 Flasher Unit shall be a modular plug-in device containing a flasher
control circuit and two solid-state switches. The module’s function is to alternately
open and close connections between the applied power and an external lamp load
during flashing operation.

3.3.2 The module shall generate its own internal DC power for Logic and Control from the
AC line.

3.3.3 The module shall commence flashing operation when AC power is applied to the
module.

3.34 The circuit shall provide 50 to 60 flashes per minute with a 50% duty cycle.

3.35 A surge arrestor shall be provided between AC+ (Pin 11) and Flasher Out (Pins 7 &
8). The surge arrestor shall be capable of reducing the effects of a transient voltage
applied to the field signal circuits and shall have the following ratings:

Recurrent peak voltage: 212 volts

Energy rating, maximum: 50 Joules

Power dissipation, average: 0.85 watt
Peak current for pulses less than 6 uS: 2,000 amperes
Standby currents: Less than 1 mA

3.3.6 Each switch shall have an OFF state dv/dt rating of 100 volts per uS (or greater).

3.3.7 The indicators shall indicate the output state of the switches.

3.3.8 The plug connector shall be a BEAU P-5406-LAB (or equal).

3.3.9 Each circuit shall be designed to operate in an open circuit condition (without load)
for 10 years (or greater).
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3.4.1
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3.4.1.6

SECTION 4 — MODEL 430 REQUIREMENTS
Flash Transfer Relay

The flash transfer relays shall be heavy-duty type. The coil of the relay shall be
energized only when the signals are in flashing operation and the police panel
ON/OFF switch is ON. The relay shall transfer the field outputs from switch pack
output to flash control. The transfer shall not interrupt the controller unit operation.

Relays shall be the electro-mechanical type designed for continuous duty.

Each relay shall be enclosed in a removable, clear plastic cover. The manufacturer’s
name, electrical rating, and part number shall be placed on the cover. They shall be
permanent, durable, and readily visible.

Each relay shall be provided with DPDT contacts. Contact points shall be of fine
silver, silver alloy, or superior alternative material. Contact points and arms shall be
capable of switching a 20 ampere at 120 VAC tungsten load per contact once every
2 seconds with a 50% duty cycle for at least 250,000 operations without contact
welding or excessive burning, pitting, or cavitation.

The relay coil shall have a power consumption of 10 volt-amperes, maximum.
Each relay shall withstand a potential of 1,500 VAC at 60 Hz between insulated parts

and between current carrying or non-current carrying parts. Each relay shall have a
1-cycle surge rating of 175 amperes RMS.
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CHAPTER 4

SPECIFICATIONS FOR MODELS 208 AND 210 MONITOR UNITS
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SECTION 1 - GENERAL REQUIREMENTS

4.1.1 The monitor unit shall render reliable detection and cause a relay output contact
condition FAILED state when sensing the following:

4111 In the Model 208 Monitor Unit:

The cabinet +24 VDC power supply voltage is below specified threshold
A WDT time-out condition

4112 In the Model 210 Monitor Unit:

The cabinet +24 VDC power supply voltage is below specified threshold
A WDT time-out condition
Conflicting field output circuits are ON together

4.1.2 FAILED State Output Circuits

4121 An electro-mechanical relay shall be provided to switch an output circuit during a
FAILED state. The relay coil shall be energized in a non-FAILED state.

4.1.2.2 The relay contacts shall be rated for a minimum of 3 amps at 120 VAC and 100,000
operations. Contact opening/closing time shall be 30 ms (or less).

413 Monitor Unit Reset

4131 A momentary SPST switch labeled RESET shall be provided on the unit front panel
to reset the monitor unit circuitry to a non-FAILED state. The switch shall be so
positioned on the front panel that the switch can be operated while gripping the front
panel handle.

4.1.3.2 A reset issuance (Unit Reset) shall be a 1-time input to prevent the monitor from
constant reset.

4.1.4 A monitor Logic and driver power shall be generated from an internal unit power
supply except for WDT and +24 VDC cabinet voltage sense circuits. The WDT
sense circuit power may be derived from either power supply. Circuits on the monitor
that are “powered” by the +24 VDC cabinet power supply shall be optically isolated
from those deriving their power from the monitor unit internal supply. The monitor
shall not draw more than 500 mA from the +24 VDC cabinet power supply. Failure to
provide reliable operating voltage levels shall cause a FAILED state.
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SECTION 2 -POWER SUPPLY MONITOR REQUIREMENTS

4.2.1 The monitor unit shall sense an external +24 VDC power supply output voltage.

4.2.2 Voltages sensed at +18 VDC (or below) for a duration of 500 ms (or longer) shall
cause a FAILED state.

4.2.3 Voltages sensed at +22 VDC (or above) shall NOT cause a FAILED state.

4.2.4 Voltages sensed below +22 VDC for a duration of 200 ms (or less) shall NOT cause
a FAILED state.

4.25 All timing and voltage conditions other than those specified above may or may
not cause a FAILED state.

4.2.6 A FAILED state caused by sensing the power supply shall illuminate a front panel
indication light labeled “VDC FAILED”. The indicator shall remain ON until Unit
Reset.

4.2.7 Only Unit Reset shall reset the power supply sense circuitry from a FAILED state.
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43.1

4.3.2

4.3.3

43.4

SECTION 3 - WATCHDOG TIMER MONITOR REQUIREMENTS

WDT circuitry shall be provided to monitor a controller unit output line state routed
to the monitor unit at its assigned pin. The WDT circuitry shall sense any line state
change and the time between it and the last change. No state change for 1.5 (+0.1)
seconds shall cause a FAILED state. The timer shall reset at each state change in a
non-FAILED state.

Only the Unit Reset or a WDT inactive due to the voltage sense shall reset the
WDT from a FAILED state.

A FAILED state caused by the WDT shall illuminate a front panel indicator light
labeled “WDT ERROR". The indicator shall remain ON until WDT is reset from a
failed state.

The WDT circuitry shall sense the incoming VAC line and, when the voltage falls
below 98 (£2) VAC for 50 (x17) ms, shall inhibit the WDT function. When the WDT
circuitry senses the incoming VAC line rise above 103 (+2) VAC for 50 (+2) ms, the
WDT shall become active. A hysteresis between the Voltage Inhibit and the Voltage
Active settings shall be a minimum of 3 volts.
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44.1

44.1.1

44.1.2

44.1.3

44.1.4

44.1.5

4.4.1.6

4.4.1.7

4.4.1.8

4.4.2

44.2.1

Chapter 4 -

SECTION 4 — MODEL 210 CONFLICT MONITOR REQUIREMENTS
Conflicting Field Output Circuits

The monitor unit shall monitor up to 32 field output circuits using a 16 conflicting
channel (green and yellow outputs logically OR-gated internally together)
comparison setup. The specified, associated cabinet output file assignment or
operator-selected output switches will determine channel assignment.

All monitored field output voltages shall be measured as true RMS responsive (up to
3 kHz) to both positive and negative alternations of the sine wave and the full cycle.
The calculated value shall be averaged over a minimum of two cycles. If digital
means are used in calculating RMS, a minimum of two samples shall be taken per
alternation.

Sensed conflicting field output voltages 25 VAC (or greater) for a duration of 500 ms
(or longer) shall cause a FAILED state.

Sensed conflicting field output voltages 15 VAC (or less) or any voltage having a
duration of 200 ms (or less) shall NOT cause a FAILED state.

Sensed conflicting field output voltages between 15 and 25 VAC and for a duration
greater than 200 ms and less than 500 ms may or may not cause a FAILED state.

The conflict monitoring circuitry shall be capable of detecting both a positive and
negative half-wave failure under the foregoing conditions.

A FAILED state caused by sensing voltage conflicts shall be reset only by the Unit
Reset.

Sixteen (16) indicators shall be provided on the unit front panel to indicate if the
channel output is sensed ON. The indicators shall remain ON in a latched state
during a FAILED state unless unlatched by Unit Reset or a unit loss of power during
said FAILED state.

Conflict Programming Card

A plug-in PCB programming card shall be provided in the monitor unit. The card
shall plug into the unit through a slot in the unit front panel. The card shall contain
120 diodes [#1N4148, (or equal)]. Each diode shall match 1 through 16 channels of
possible conflict. The programming card shall be logically labeled and laid out for
easy identification of the diodes by channel. With diodes in place, all output channels
being monitored shall be in conflict. When the diode (anode to numerical pins and
cathode to alphabetical pins) has been removed, the channels shall be defined as
non-conflict.
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4.4.2.2

4.4.2.3

4.4.2.4

4.4.2.5

443

4.4.4

4.4.5

4.4.6

4.4.7

448

A pad for 16 yellow inhibit jumpers shall be provided. Placement of the associated
channel jumper between the channel yellow pin and the '‘inhibit common' shall
disable sensing the said channel yellow.

The programming card shall be 152 mm in depth and 131 mm to 134 mm in height,
and shall intermate with a 28/56 pin, double-sided connector having bifurcated
contacts on 3.96 mm centers. The printed circuit board shall bisect its edge board
fingers at their centers to within +0.41 mm. The center of the edge board fingers
shall be 67 mm from either edge of the board. This card, when installed, shall be
provided with card ejectors [Stanford Applied Engineering Type 6100 (or equal)] for
removal from the front panel. This programming card shall be flush with the front
panel and slide smoothly on its tracks while being inserted into or removed from the
monitor module.

Pins 16 and T shall be connected together on the programming card. Removal of
the card shall be sensed as a conflicting FAILED state.

The programming cards shall be supplied with all diodes installed. The yellow inhibit
jumpers shall be installed on all 16 channels to inhibit all yellow monitoring.

A front panel indicator labeled “CONFLICT” shall be provided. The indicator shall
illuminate when there is a FAILED state caused by conflicting channels and go off
only by Unit Reset issuance.

The output relay contact for FAILED state shall be closed.

A second output circuit (STOPTIME controller input) shall be provided to sink an
NPN open collector transistor upon FAILED state. The transistor shall be rated to
sink a minimum of 50 mA at up to 30 VDC. A blocking diode shall be provided on the
transistor output to prevent it from sourcing power into the controller unit.

An internal SPST logic toggle switch shall be provided on the monitor unit to
activate the WDT function. When the switch is ON, the WDT circuitry shall be active.
The switch shall be mounted on the module PCB in a readily accessible location.

The front panel reset switch shall be tied to the external test reset input line
(Pin Z). The external line shall be optically isolated from internal circuitry.

The conflict monitor shall reset after a power failure if the monitor was not in a
FAILED state prior to the onset of the power failure.
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SECTION 5 — MONITOR CONNECTOR PIN AND CHANNEL ASSIGNMENTS

45.1 Model 208 connector wiring assignments
See Table B-1
45.2 Model 210 Connector wiring assignments
See Table B-2
45.3 Model 210 Program Card Assignments
See Table B-3
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CHAPTER 5

SPECIFICATIONS FOR DETECTOR SENSOR UNITS AND ISOLATORS

MODEL 222 TWO-CHANNEL LOOP DETECTOR SENSOR UNIT
MODEL 222T TIME DELAY TWO-CHANNEL LOOP DETECTOR SENSOR UNIT
MODEL 242 TWO-CHANNEL DC ISOLATOR

MODEL 252 TWO-CHANNEL AC ISOLATOR
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511

512

5.1.3

514

515

5.1.6

5.1.7

5.1.8

5.1.9

SECTION 1 - GENERAL REQUIREMENTS

The sensor unit and isolator channels shall operate independently from each
other.

Each sensor unit or AC isolator channel shall draw no more than 100 mA from
the +24 VDC cabinet power supply and shall be insensitive to 700 mV RMS ripple on
the incoming +24 VDC line.

The sensor unit or isolator front panel shall be provided with a hand pull to
facilitate insertion and removal from the input file.

All control switches and channel indicators shall be mounted on the front panel,
with the exception of the 222T detector. Each sensor unit or isolator channel shall
have an indicator to provide visual indication of detection or incoming signal.
Presence indicators shall be wide-angle, high-brightness type LED’s suitable for
sunlight visibility.

Each sensor unit or isolator channel output shall be an optically isolated NPN
open collector capable of sinking 50 mA at 30 VDC. The output shall be compatible
with the controller unit inputs.

A valid channel input shall cause a channel ground true output to the controller unit
of a minimum 100 ms in duration. An onboard jumper shall be provided to bypass
the above minimum timing requirement.

The loop detector sensor unit shall operate and interface successfully with an
associated ODOT standard inductive loop.

The output transistor shall switch from the OFF state to the ON state in a period
equal to (or less than) 20 uS. The transistor shall switch from the ON state to the
OFF state in a period equal to (or less than) 20 pS.

The numbered and lettered sides of the PCB connector shall be commonly
assigned.
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SECTION 2 — MODEL 222 AND 222T LOOP DETECTOR UNIT REQUIREMENTS

521 The sensor unit channel shall produce an output signal when a vehicle passes
over or remains over wire loops embedded in the roadway. The method of detection
shall be based upon a design that renders the output signal when a metallic mass
(vehicle) enters the detection zone causing a change of 0.02% minimum decrease
inductance of the circuit measured at the input terminals of the sensor unit.

5.2.2 An open loop shall cause the sensor unit channel to output a ground true signal.
5.2.3 Each sensor unit channel shall be capable of detecting all types of vehicles.
5.2.4 The sensor unit shall comply with all performance requirements when connected to

an inductance (loop plus lead-in) from 20 to 2,000 pH with a Q-parameter as low as
5 at the sensor unit operating frequency.

5.2.5 Loop inputs to each channel shall be transformer isolated.

5.2.6 Each individual channel shall have a minimum of three switch-selectable operating
frequencies.

5.2.7 The sensor unit channel tuning circuits shall be automatic and shall be so
designed that drift, caused by environmental changes, or changes in applied power
shall not cause an actuation. Manual tuning detector amplifiers will not be permitted.

5.2.8 Mode Selection Requirements
5.2.8.1 Each sensor unit channel shall have Pulse and Presence selectable modes.
5.2.8.1.1 Pulse Mode:

5.2.8.1.1.1 In the Pulse mode, each new vehicle presence within the detection zone shall initiate
a sensor unit channel output pulse of 125 (£25) ms in duration.

5.2.8.1.1.2 Should a vehicle remain in a portion of the detection zone for a period in excess of 2
seconds, the sensor unit channel shall automatically “tune out” the presence of said
vehicle. The sensor unit channel shall then be capable of detecting another vehicle
entering the same detection zone. The recovery time between the first vehicle pulse
and channel capability to detect another vehicle will be 3 seconds, maximum.
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5.2.8.1.2

528121

5.2.8.1.2.2

5.2.9

5291

5.2.9.2

5293

5.2.10

5211

5.2.12

52121

Chapter 5 -

Presence Mode:

In the Presence mode, the sensor unit channel shall recover to normal sensitivity
within 1 second after termination of vehicle presence in the detection zone
regardless of the duration of the presence.

Channel sensitivity settings shall be provided that detect the presence of a vehicle in
the detection zone for a specified time period and inductance change(s). The
conditions are as follows:

Minimum detection time Detector input
duration in minutes inductance change
4 Equal to selected sensitivity
16 0.02% greater than selected sensitivity
Sensitivity

Each sensor unit channel shall be equipped with eight front panel selectable
sensitivity settings in Presence and Pulse modes.

The sensor unit channel shall not detect vehicles, moving or stopped, at distances of
1 m or more from any loop perimeter.

All sensitivity settings shall not differ +40% from the nominal value chosen.

Response time of the sensor unit channel level 2 setting shall be less than
20 ms. That is, for any decreased inductive change that exceeds its sensitivity
threshold, the channel shall output a ground true logic level within 20 ms. When
such change is removed, the output shall become an open circuit within 20 ms.

The sensor unit channels shall begin normal operation within 2 seconds after the
application of power or after a reset signal of 15 puS.

Lightning protection shall be installed within the sensor unit.

The protection shall enable the sensor unit to withstand the discharge of a 10 puF
capacitor charged to +1,000 volts directly across the sensor unit input pins with no
loop load present. The protection shall enable the sensor unit to withstand the
discharge of a 10 pF capacitor charged to +2,000 volts directly across either the
sensor unit input inductance pins or from either side of the sensor unit input
inductance pins to EG. The sensor unit input pins shall have a dummy resistive load
attached that is equal to 5.0 ohms.
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5.2.13

5.2.131

5.2.14

52141

5.2.14.2

5.2.15

5.2.151

5.2.16

5.2.17

5.2.18

5.2.19

Tracking Rate

The sensor unit shall be capable of compensating or tracking for an environmental
change up to 0.001% change in inductance per second.

Tracking Range

The sensor unit shall be capable of normal operation as the input inductance is
changed +5% from the quiescent tuning point regardless of internal circuit drift.

The sensor unit shall be capable of normal operation as the input resistance is
changed +0.5% from the quiescent tuning point regardless of internal circuit drift.

Temperature Change

The operation of the sensor unit shall not be affected by changes in the inductance
and/or capacitance of the loop caused by environmental changes with the rate of
temperature change not exceeding 1°C per 3 minutes. The opening or closing of the
controller cabinet door with a temperature differential of up to 18°C between the
inside and outside air shall not affect the proper operation of the sensor unit.

A switch or switch position shall be provided on the front panel to disable each
channel output.

The Model 222T shall offer a selection of switch activated DELAY times from 0 to 31
seconds in 1-second increments. The detector indicator will flash at 4 Hz while the
output is being delayed, subject to the status of the control input.

The Model 222T shall offer a selection of switch activated EXTENSION times from 0
to 7.5 seconds in 0.5-second increments. The detector indicator will flash at 12 to
16 Hz while the output is being extended, subject to the status of the control input.

Each detector unit shall sequentially scan (excite and measure) its channel inputs
to eliminate cross talk (mutual interference/coupling) between closely spaced large
loops in adjacent lanes and/or Lead-ins in common saw cuts and/or home runs in
common conduits.
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SECTION 3 — MODEL 242 TWO-CHANNEL DC ISOLATOR REQUIREMENTS

5.3.1

5.3.2

5.3.3

534

5.35

5.3.6

5.3.7

53.7.1

The Model 242 Two-Channel DC Isolator shall contain 2 isolation channels which
provide isolation between electrical contacts external to the module and the
controller unit input. The method of isolation shall be based upon a design that shall
provide reliable operation.

Each isolation channel shall have a front panel-mounted test switch to simulate a
valid input. The test switch shall be a single-pole, double-throw, 3-position control
test switch: The position assignment shall be UP = constant ON; MIDDLE = OFF;
and DOWN = momentary ON.

The isolator shall have an internal power supply that shall supply 20 (£4) VDC to
the field input side of the isolation channels. The isolator shall not draw more than
2.5 watts of AC power. No current shall be drawn from the cabinet power supply.

A channel contact closure input of 5 ms (or less) shall not cause an output
(ground true) to the controller. An input of 25 ms (or greater) shall cause an output
to the controller. An input of duration between 5ms and 25 ms may or may not
cause an output to the controller. The channel circuitry shall be able to react to a
new input closure within 25 ms of an input opening.

Each isolation channel field input shall be turned ON (true) when a contact
closure causes an input voltage of less than 8 VDC and shall be turned OFF (false)
when the contact opening causes the input voltage to exceed 12 VDC. Each input
shall deliver no less than 15 mA or more than 40 mA to an electrical contact closure
or short from the power supply.

The minimum isolation shall be 1,000 megohms and 2,500 VDC measured
between the input and output of the same channel.

Lightning protection shall be installed within the isolator unit.

The protection shall enable the isolator to withstand the discharge of a 10 puF
capacitor charged to £1,000 volts directly across the input pins with no load present.
The protection shall enable the isolator to withstand the discharge of a 10 puF
capacitor charged to £2,000 volts directly across either the input pins or from either
side of the input pins to EG. The input pins shall have a dummy resistive load
attached that is equal to 5.0 ohms.
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SECTION 4 — MODEL 252 TWO-CHANNEL AC ISOLATOR REQUIREMENTS

5.4.1 The Model 252 Two-Channel AC Isolator shall contain two isolation channels that
provide isolation between external 120 VAC input circuits and the controller unit
input circuits. The method of isolation shall be based upon a design that provides
reliable operation.

5.4.2 A channel input voltage (Von) of >80 (x5) VAC applied for a minimum duration of
100 ms shall cause an output (ground true) to the controller.

5.4.3 A channel input voltage (Von) of <40 VAC applied for a minimum duration of
100 ms shall cause an output (false) to the controller.

5.4.4 Switching circuitry to invert inputs to read ground false logic (by switch jumper)
shall be provided.

5.4.5 The transistor shall be capable of sinking 50 mA at 30 VDC.

5.4.6 The minimum isolation shall be 1,000 megohms between the input and output
terminals at 2,500 VDC applied voltage.

5.4.7 Lightning protection shall be installed within the isolator unit.

54.7.1 Each channel input shall withstand, without damage, the discharge of a 10 pF
capacitor charged to +1,000 volts when connected directly to the open input pins.
Each channel shall withstand, without damage, the discharge of a 10 uF capacitor
charged to 2,000 volts when connected between either input pin or EG.
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CHAPTER 6

SPECIFICATIONS FOR CABINET MODELS 332, 334 AND 340
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SECTION 1 - GENERAL REQUIREMENTS AND CABINET MODEL COMPOSITION

6.1.1

6.1.1.1

6.1.1.2

6.1.1.3

6.1.1.4

6.1.1.4.1

6.1.1.5

Unless otherwise specified, the model shall be furnished, ready for operation, with
the following compaosition:

A Model 332 Cabinet shall consist of:

Housing #1 C1 Harness #1

Mounting Cage #1 C2 Harness

Power Distribution Assembly #2 Service Panel #1

Input Files | & J Input Panel #1

Output File #1 Pull-Out Drawer Assembly

A Model 334 Ramp Meter Cabinet shall consist of:

Housing #1 C1 Harness #2
Mounting Cage #1 C2 Harness
Input File | Service Panel #1
Output/Power Distribution Input Panel #3
Assembly #3 Pull-Out Drawer Assembly

A Model 340 ITS Cabinet shall consist of:

Housing #1 Pull-Out Drawer Assembly
Mounting Cage #1 Two Full Depth Shelves
Power Distribution Assembly #4  Service Panel #1

The controller unit with Model 400 Modem shall be furnished with Model 332 and
Model 334 cabinets. These cabinets shall have all input and output files installed and
wired complete for 8-phase operation, or local ramp meter, respectively. However,
only those input and output devices, such as detector sensor units, isolator units,
and switch packs necessary to provide the operation required by the plans or
specifications shall be furnished.

Model 332 and Model 334 cabinet wiring shall include a harness and C5 connector
for an auxiliary output file. An auxiliary output file shall be supplied and installed in
the cabinet when specified.

All assemblies and files included in Model 332 and Model 334 cabinets shall be
mounted on the cage mounting rails per cabinet model detail. Cabinet model
interface wiring shall be per specified C1 Harness, detailed wiring lists, and required
cabinet wiring diagram.
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6.1.2

6.1.2.1

6.1.3

6.1.3.1

6.1.3.2

6.1.3.3

6.1.3.4

6.1.4

6.14.1

Cabinet Shipping Requirements

The cabinet shall be delivered mounted on a plyboard shipping pallet. The pallet
shall be bolted to the cabinet base. The housing doors shall be blocked to prevent
movement during transportation.

Cabinet Finish

Inside and outside of walls, doors, and ceiling of the cabinet shall be anodized after
fabrication.

All nuts, bolts, washers, screws [4 mm (or larger)], hinges, and hinge pins shall be
stainless steel unless otherwise specified.

A cage mounting clear area for the controller unit shall be provided in Model 332 and
Model 334 cabinets. The area shall extend 38 mm in front of and 406 mm behind the
front EIA mounting angles. A minimum of 184 mm above the supporting portion of
the angle shall be kept clear for the controller.

All conductors, terminals, and parts that could be hazardous to maintenance
personnel shall be protected with suitable insulating material.

Anchor Bolts

The cabinet shall be furnished with anchor bolts of the size and grade recommended
by the manufacturer.
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6.2.1

6.2.2

6.2.2.1

6.2.2.2

6.2.2.3

6.2.2.4

6.2.2.4.1

6.2.2.4.2

SECTION 2 — HOUSING REQUIREMENTS

The housing shall be NEMA ICS-6 type 3R rated and shall include, but not be
limited to the following:

Enclosure Police Panel (Models 332 and 334 only)
Doors Ventilation

Latches/Locks Gaskets

Hinges and Door Catches Cage Supports and Mounting

Light Fixture
Housing Construction

The housing shall be rainproof with the top of the enclosure crowned to prevent
standing water. It shall have single front and rear doors, each equipped with a lock.

The enclosure including doors, lifting eyes, gasket channels, police panel (where
furnished) and all supports welded to the enclosure and doors shall be fabricated of
3.2 mm minimum thickness, aluminum sheet alloy 5052-H32 or 6061-T6. Bolted-on
supports shall either be the same material and thickness as the enclosure or 2.7 mm
minimum steel. The side panels and filter shell shall be fabricated of 2.0 mm
minimum aluminum sheet.

All exterior seams for enclosure and doors shall be continuously welded and shall be
smooth. All edges shall be filed to a radius of 0.8 mm, minimum. ER5356 aluminum
alloy bare welding electrodes conforming to AWS A5.10 requirements shall be used
for welding on aluminum. Procedures, welders, and welding operators shall conform
to the requirements and practices on AWS B3.0 and C5.6 for aluminum.

Aluminum surfaces shall conform to the following:

An anodic coating shall be applied to the aluminum surface after the surface has
been cleaned and etched. The cleaning procedure shall be to immerse in inhibited
alkaline cleaner [Oakite 61A, Diversey 909 (or equivalent) in mix of 45 to 60 g per
liter of distilled water] at 71°C for 5 minutes. Rinse in cold water. The etching
procedure shall be to immerse in a sodium solution [3.7 g sodium fluoride plus
37.5 g sodium hydroxide mix per liter of distilled water] at 66°C for 5 minutes. Rinse
in cold water. Desmut in a 50% by volume nitric acid solution at 20°C for 2 minutes.
Rinse in cold water.

The anodic coating shall conform to MIL-A-8625C (Anodic Coatings for Aluminum
and Aluminum Alloys) for Type Il, Class | Coating except the outer housing surface
coating shall have a 0.018 mm minimum thickness and a 20 mg per 500 mm?2
minimum coating weight. The anodic coating shall be sealed in a 5% aqueous
solution (pH 5.0 to 6.5) of nickel acetate at 99°C for 15 minutes.
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6.2.2.5

6.2.2.6

6.2.2.7

6.2.2.8

6.2.2.9

6.2.3

6.2.3.1

6.2.3.2

6.2.3.3

6.2.3.4

6.2.3.5

The enclosure doorframes shall be double flanged out on all four sides and shall
have strikers to hold tension on and form a firm seal between the door gasket and
the frame. The dimension between the door edge and the enclosure external
surface when the door is closed and locked shall be 4 (+2) mm.

Gaskets shall be provided on all door openings and shall be dust-tight. Gaskets shall
be 6 mm minimum thickness, closed cell neoprene or silicone [BOYD R-10480 (or
equal)] and shall be permanently bonded to the metal. If neoprene is used, the
mating surface of the gasket shall be covered with a silicone lubricant to prevent
sticking to the mating metal surface. A gasket top channel shall be provided to
support the top gasket on the door (prevents gasket gravitational fatigue).

Cage bottom support mounting angles shall be provided on either side, level with the
bottom edge of the door opening, for horizontal support and bolt attachment. In
addition, side cage supports shall be provided for the upper cage bolt attachments.
Spacer brackets between the side cage supports and the cage shall be a minimum
thickness of either 4.8 mm aluminum or 2.7 mm steel.

The housing shall be provided with two lifting eyes for placing the cabinet on its
foundation. Each eye opening shall have a minimum diameter of 20 mm. Each eye
shall be able to support a weight load of 450 kg.

All exterior bolt heads shall be tamperproof type.
Door Latches and Locks

The latching handles shall have provision for padlocking in the closed position.
Each handle shall be 20 mm minimum diameter stainless steel with a minimum
13 mm shank. The padlocking attachment shall be placed at 100 mm from the
handle shank center to clear the lock and key. An additional 100 mm minimum
gripping length shall be provided.

The latching mechanism shall be a 3-point draw roller type. The pushrods shall be
turned edgewise at the outward supports and have a cross section of 6 mm thick by
20 mm wide, minimum.

When the door is closed and latched, the door shall be locked. The locks and
handles shall be on the right side of the front door and left side of the rear door. The
lock support shall be rigidly mounted on the door. In the locked position, the bolt
throw shall extend a minimum of 6 (+0.8) mm into the latch cam area. A seal shall be
provided to prevent dust or water entry through the lock opening.

The locks shall be a Best Company 5L7RD Series (or an approved equal) with a red
construction core in Model 332 and Model 334 Cabinets and a white construction
core in Model 340 Cabinets. Two keys shall be supplied with each cabinet. The keys
shall be removable in the locked position only.

The center latch cam shall be fabricated of 4.7 mm minimum thickness steel or
aluminum. The bolt surface shall horizontally cover the cam thickness. The cam
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6.2.3.6

6.2.4

6.2.4.1

6.2.4.1.1

6.2.4.2

6.2.4.3

6.2.4.4

6.2.5

6.2.5.1

shall be structured to only allow the door to open when the handle is moved toward
the center of the door.

Rollers shall have a 22 mm minimum diameter, with Nylon wheels and steel ball
bearings.

The general requirements for housing ventilation including intake, exhaust,
filtration, fan assembly, and environmental control, as follows:

The front door shall be provided with louvered vents. The louvered vent depth shall
be a maximum of 6 mm. A removable air filter shall be housed behind the door
vents. The filter filtration area shall cover the vent opening area. A filter shell shall be
provided that fits over the filter, providing mechanical support for the filter. The shell
shall be louvered to direct the incoming air downward. The shell sides and top shall
be bent over a minimum of 6 mm to house the filter. The filter and shell shall be held
firmly in place with a bottom bracket and a spring-loaded upper clamp. No incoming
air shall bypass the filter. The bottom filter bracket shall be formed to create a
waterproof sump with drain holes to the outside housing.

The filter shall be 305 mm high by 406 mm wide by 22 mm thick. The filter shall trap
particles 2 microns and larger.

The intake (including filter with shell) and exhaust areas shall pass a minimum of
1.7 m3 of air per minute.

The housing shall be equipped with an electric fan with ball or roller bearings and a
capacity of at least 2.8 m? of free air delivery per minute. The fan shall be mounted
within the housing and vented.

The fan shall be thermostatically controlled and shall be manually adjustable to turn
on between 33°C and 65°C with a differential of not more than 6°C between
automatic turn on and off. The fan circuit shall be protected at 125% of the fan motor
ampacity. The manual adjustment shall be graded in 10°C increments.

Hinges and Door Catches

Hinges with two bolts per leaf shall be provided to bolt the door to the enclosure.
Each door shall have four stainless steel hinges. Each hinge shall be 90 mm
minimum length and have a fixed pin. The pin ends shall be welded to the hinge and
ground smooth. The pins and bolts shall be covered by the door edge and not
accessible when the door is closed.
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6.2.5.2

6.2.6

6.2.6.1

6.2.6.2

6.2.6.3

6.2.6.3.1

6.2.6.3.2

6.2.6.4

6.2.6.5

6.2.7

6.2.7.1

Front and rear doors shall be provided with catches to hold the door open at both
90° and 180° (£10°). The catch minimum diameter shall be either 9.5 mm for plated
steel or aluminum rods, or 6 mm for stainless steel. The catches shall be capable of
holding the door open at 90° in a 95 km/hr wind, acting at an angle perpendicular to
the plane of the door.

Police Panel (Model 332 and Model 334 Cabinet)

A police panel assembly shall be provided to allow limited access to intersection
control by police officers. The police panel assembly, including switches, shall not
extend into the cabinet more than 38 mm.

The police panel door shall be equipped with a lock. The lock shall be keyed with a
master police key. Two keys shall be furnished with each police lock. Each police
key shall have a shaft at least 44 mm in length.

The police panel shall contain two DPST toggle power switches.

The Model 332 shall have one switch labeled “ON-OFF" and the other
“FLASH/AUTOMATIC".

The Model 334 shall have one switch labeled “ON-OFF LIGHTS” and the other
“POLICE CONTROL ON-OFF”.

The front and back of the panel shall be enclosed with a rigid metal covering so that
no parts having line voltage are exposed.

The panel assembly shall have a drain to prevent water collecting within the
assembly. The drain shall be channeled to the outside.

Cabinet Light Fixture

A 15 watt, self-starting, fluorescent cabinet light shall be installed in each controller
cabinet (see Cabinet Details Drawings). The fixture shall be mounted to the cabinet
exhaust area cover plate by screw and self-locking nut. The mounting hardware
shall not penetrate the exterior of the cabinet shell. The fixture and fluorescent tube
shall not interfere with access to any cabinet component or TBK. The fixture will be
controlled from a door-operated switch located at the rear door. The fixture power
shall be switched “ON” when the rear door is opened. In addition to the rear door
switch, the fixture circuit shall incorporate an accessible power “ON-OFF” switch.
Power for the light fixture shall be supplied from the load side of the 15 amp
Equipment breaker of the PDA through an “in-line” type fuse holder (1 amp fuse)
through the normally closed cabinet rear door switch to the light fixture (see
Equipment Mounting Drawing).
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6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

SECTION 3 — CABINET CAGE REQUIREMENTS

A standard EIA 483 mm rack cage shall be installed inside the housing for
mounting of the controller unit and cabinet assemblies.

The EIA rack portion of the cage shall consist of two pairs of continuous,
adjustable equipment mounting angles. The angle nominal thickness shall be
3.4 mm plated steel, 2.7 mm stainless steel, or 3.9 mm aluminum. The angles shall
be tapped with 10-32 threads with EIA universal spacing. The angle shall comply
with Standard EIA-310-B and shall be supported at the top and bottom by either
welded or bolted support angles to form a cage.

Clearance between rails for mounting assemblies shall be 450 mm.

Two steel supporting angles extending from the front to the back rails shall be
supplied with Model 332 or Model 334 cabinets to support the controller unit. The
angles shall be designed to support a minimum of 23 kg each. The horizontal side of
each angle shall be a minimum of 75 mm. The angles shall be vertically adjustable.

The cage shall be bolted to the cabinet at eight points, via the housing cage
supports and associated spacer brackets - four at the top and four at the bottom of
the rails.

The cage shall be centered within the cabinet.
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6.4.1

6.4.1.1

6.4.1.2

6.4.1.3

6.4.1.4

6.4.1.4.1

6.4.1.4.1.1

6.4.1.4.1.2

6.4.1.4.1.3

6.4.1.4.1.4

6.4.1.4.1.5

SECTION 4 — CABINET ASSEMBLIES REQUIREMENTS
General Requirements

The following equipment shall be completely removable from the cabinet without
removing any other equipment and using only a slotted or Phillips screwdriver:

Power Distribution Assembly

Input File (Model 332 and Model 334 cabinets)

Output File (Model 332 cabinet)

Auxiliary Output File (Model 332 and Model 334 cabinets)
Pull-Out Drawer Assembly

All fuses, circuit breakers, switches (except police panel switches, fan fuse and
cabinet light fuse) and indicators shall be readily visible and accessible when the
cabinet front door is open.

All equipment in the cabinet, when required, shall be permanently and clearly
labeled. The marker strips shall be made of material that can be easily and legibly
written upon using a pencil or ballpoint pen. Marker strips shall be located
immediately below the item they are to identify and must be clearly visible with all
items installed.

Assemblies and files shall be fabricated of 1.5 mm minimum thickness aluminum or
stainless steel sheet. The metal surface shall be treated with clear chromate.

Additional requirements for Model 332 and Model 334 Cabinets:

Resistor-capacitor transient suppression shall be provided at all AC relay sockets
(across relay coil) except for the flash transfer relays (FTR) in the output files, where
one suppression device may be common for all.

A leakage resistor which permits a small amount of current to pass through the
heavy duty relay coil, shall be installed across the terminals of relay sockets to
overcome the residual magnetism.

Assembly or file depth dimension shall include TBKs.

All assemblies and files (except pullout drawer assembly) shall allow air circulation
through the top and bottom unless specifically called out otherwise.

Socket types for the following equipment shall be:

Switch Pack BEAU S-5412-XX (or equal)
Heavy Duty Relay BEAU S-5408-XX (or equal)
Flasher Unit & Power Supply Module BEAU S-5406-XX (or equal)
210 Monitor Unit PCB 28/56S
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6.4.1.4.1.6 Connector sockets for flasher unit, power supply, and switch pack modules shall be
mounted with their front face 190 mm deep from assembly or file front panel (note
output file exception).

6.4.1.4.1.7 Guides (top and bottom) shall be provided for switch pack modules, flasher units,
monitor unit, WDT module, detector and isolator modules, and power supply module
(bottom only). The guides shall begin 25 (+13) mm from the front panel surface and
extend to within 13 mm of the connector socket face.

6.4.2 Power Distribution Assembly
6.4.2.1 The following equipment shall be provided with the power distribution assemblies:
6.4.2.1.1 PDA#2:

1- Duplex NEMA 5-15R Controller Receptacle

2— Duplex NEMA 5-15R Equipment Receptacle

1 -1 Pole, 50 amp, 120 VAC Main Circuit Breaker

1 - 1-Pole, 15 amp, 120 VAC Equipment Circuit Breaker

6 — 1 Pole, 15 amp, 120 VAC Signal Bus and llluminated Sign Circuit Breaker
1 - 2 Pole Ganged, 20 amp, 120 VAC Flash Bus Circuit Breaker
1 — Mercury Contactor, 60 amp, 120 VAC

2 — Model 204 Flasher Unit and Socket

1 — Model 206 Power Supply Module and Socket

1 — AUTO/FLASH Control Switch

1 — FLASH On Indicator Light

3 — 10 Position TBK T1, T2 & T4

1 — 4 Position TBK T3

6.4.2.1.2 Output/PDA #3:

1- Duplex NEMA 5-15R Controller Receptacle

2— Duplex NEMA 5-15R Equipment Receptacle

1 -1 Pole, 30 amp, 120 VAC Main Circuit Breaker

3 -1 Pole, 15 amp, 120 VAC Circuit Breaker (Equip & Field)
1 — Model 206 Power Supply Module and Socket

1 — Model 208 Monitor Unit and Socket

1 — Model 430 Heavy Duty Relay and Socket (Transfer Relay)
1 — Watchdog Timer ON/OFF-RESET Control Switch

3 — Model 200 Switchpack Socket

3 -10 Position TBK T1, T2, and T4

1 — 4 Position TBK T3
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6.4.2.1.3

6.4.2.2

6.4.2.3

6.4.2.4

6.4.2.5

6.4.2.5.1

6.4.2.5.2

6.4.2.5.3

6.4.2.5.4

6.4.2.5.5

PDA #4.

2 - Duplex NEMA 5-15R GFCI Receptacles

4 - Duplex NEMA 5-15R Equipment Receptacles

1-1 Pole, 50 amp, 120 VAC Main Circuit Breaker

2 - 1 Pole, 15 amp, 120 VAC Equipment Circuit Breakers

1-1 Pole, 15 amp, 120 VAC GFI Receptacle Breaker

1 -1 Pole 15 amp, 120 VAC Cabinet Accessory Breaker (Fan and Light)
1 -1 Pole, 15 amp, 120 VAC Spare Breaker

Breaker ratings shall be shown on face of breaker or handle. Breaker function shall
be labeled below breaker on front panel.

The equipment receptacles shall have ground-fault circuit interruption as defined in
the National Electrical Code.

All conductors from the power distribution assembly routed to the cabinet wiring shall
be connected to the TBK on the common side, except for the AC power conductor
between the service TBK and main circuit breaker. All internal conductors
terminating at the blocks shall be connected to the other side of the blocks.

Additional requirements for Model 332 and Model 334 Cabinets:

The AUTO/FLASH switch, when placed in FLASH position (down), shall energize the
Mercury Contactor (MC) coil. When the switch is placed in the AUTO position (up),
the switch packs shall control the signal indications. The switch shall be a SPST
toggle control switch.

The FLASH indicator light labeled “FLASH ON” shall be mounted on the PDA front
panel. The lamp shall be driven as specified in Section 6.4.2.5.6.2.

Ganged circuit breakers shall be certified by the circuit breaker manufacturer that
their circuit breakers shall gang trip.

llluminated Sign Circuit Breaker - A 15 amp, 120 volt, AC circuit breaker shall be
installed for illuminated sign circuit protection. The breaker shall be placed on the
load side of the main breaker. The breaker shall be located on the front panel of the
PDA assembly next to the other breakers.

The monitor unit ON/OFF-RESET switch shall be a DPST toggle control mounted on
the PDA #3 front panel. When placed in the OFF-RESET (down) position, a
grounded input shall be presented at the monitor unit Pin 21 (resetting the WDT
circuitry). The other side of the switch circuit bypasses the monitor unit.
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6.4.2.5.6

6.4.2.5.6.1

6.4.2.5.6.2

6.4.2.5.7

6.4.25.7.1

6.4.2.5.7.2

6.4.2.5.7.3

6.4.2.5.7.4

Signal Bus Circuit Breakers:

Five, single-pole, 15 amp circuit breakers with auxiliary switch feature and medium
trip delay characteristic shall be provided.

The five breakers shall be wired and routed per the Circuit Breaker Line Diagram.
The breaker auxiliary switch circuit shall be open when the breaker is in the ON
position. The auxiliary circuits shall be wired in parallel so that any tripped breaker
shall energize the mercury contactor coil, flash transfer relay coils, and the FLASH
ON indicator (Section 6.4.2.5.2). The auxiliary contacts shall be rated at 5 amps, 120
VAC, minimum (fast-on type connection).

Model 206 Power Supply Module:

A power supply shall be provided to supply +24 VDC to the input and output files for
use by their associated devices. The front panel shall include AC and DC fuses,
POWER ON light, and test points for monitoring the output voltages. The power
supply shall be of ferro-resonant design having no active components and will
conform to the following requirements:

1. Line Regulation: 2% from 90 to 135 VAC at 60 Hz, plus an additional 1.6% for
each additional 1% frequency change

2. Load Regulation: 5% from 1 amp to 5 amps with a maximum temperature rise of

30°C above ambient

Design Voltage: +24 (+0.5) VDC at full load, 30°C, 115 VAC incoming after a 30-

minute warm-up period

Full Load Current: 5 amps, minimum

Ripple Noise: 2 volts peak-to-peak and 500 mV RMS at full load

Line Voltage: 90 to 135 VAC

Efficiency: 70% minimum

Minimum Voltage: +22.8 VDC

Circuit capacitors shall be rated for 40 volts, minimum.

w

©o~NoOGA

The module chassis shall be vented. Its top and side shall be open except for unit
supports.

When resident in the PDA assembly, the module shall be held firmly in place by its
stud screw, assembly connector support panel, and a wingnut.

Two 0.5 ohm, 10 watt minimum, wire-wound power resistors with a 0.2 pH
inductance shall be provided; one on the AC+ power line and one on the AC- line.
Three MOV surge arrestors rated for 20 Joules minimum, shall be provided between
AC+ and EG, AC- and EG, and between AC+ and AC-. A 0.68 UF capacitor shall be
placed across AC+ and AC- between the 2 power resistors and the MOV'’s.
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6.4.2.5.7.5 Terminal screw size shall be 10-32 for TBK T1, T2, & T4 and 6-32 for TBK T3.

6.4.3

6.4.3.1

6.4.3.2

6.4.3.3

6.4.3.4

6.4.4

6.4.4.1

6.4.4.1.1

6.4.4.1.2

6.4.4.1.3

6.4.4.1.4

6.4.4.1.5

6.4.4.1.6

6.4.4.1.7

Input File (Model 332 and Model 334 Cabinets)

The file shall have a maximum depth of 215 mm and shall intermate with and
support 14, 2-channel detector or isolator units.

The file shall provide a PCB 22/44S connector which shall be a DALE EB7CS22GY
(or equal) and shall be centered vertically for each 2-channel detector. The
associated number and letter side connectors shall be shorted internally. Pins D, E,
F, J, KL, and W shall be brought out to an 8-position TBK on the back of the file.
The output emitters shall be common grounded with the ground terminating at TB
15, position 4. Position 8 of the TBK is assigned to EG and is used to terminate
lead-in shields.

The input file shall be provided with marker strips to identify isolators and detectors
in the file.

TBK terminal screw size shall be 8-32.
Output File (Model 332 and Model 334 Cabinets)
General Requirements:

The output file shall be provided with marker strips to identify switch packs when
mounted in the file.

Switch pack connectors, monitor unit connectors, flash transfer relay sockets, and
flash programming connectors shall be accessible from the back of the output file
without the use of tools or removal of any other equipment.

TBK 01 and 03 terminal positions shall be labeled functionally. Terminal screw size
shall be 8-32.

Field wire TBKs shall be mounted vertically on the back of the assembly. The output
file shall have three TBKs with 12 positions. Terminal position screw size shall be
10-32.

The depth of the file shall not exceed 368 mm.

The flash programming connectors shall be Molex Type 1375 (or equal). The
receptacle shall be mounted on the file with a programmable plug connected. The
plug connector, with programming jumpers, shall be furnished for each circuit to
allow red or yellow flash programming. Plug pins shall be crimped and soldered.

TBK 02 and 04 terminal screw size shall be 6-32.
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6.4.4.1.8

6.4.4.2

6.4.4.2.1

6.4.4.2.2

6.4.4.2.3

6.4.4.2.4

6.4.4.3

6.4.4.3.1

6.4.4.3.2

6.4.5

6.4.5.1

6.4.5.2

Output file connectors and sockets shall be hard wired and PCBs will not be allowed.
Output File #1:

The output file shall be capable of containing 12 Model 200 switch packs, four Model
430 flash transfer relays, and the Model 210 monitor unit. A monitor unit shall be
furnished with each output file. The construction plans shall determine the number of
flash transfer relays and switch packs that will be furnished with the output file.

The red and yellow output circuits of switch packs 1, 2, 4, 5, 7, 8, 10, and 11 shall be
made available at a Molex receptacle/plug connection for flash selectability.

It shall be possible to remove the Model 210 monitor unit without causing the
intersection to go into flashing operation. The cabinet shall be wired so that, with the
front cabinet door closed and with the monitor unit removed, the intersection shall go
into flashing operation (see One Line Diagram). The cabinet shall contain a
conspicuous warning against operation with the monitor unit removed.

The monitor unit compartment including the housed monitor unit, exclusive of the
handle, shall extend no farther than 32 mm in front of the rack front surface. The
switch pack socket connector front surface shall be no more than 216 mm in depth
from the front surface of the output file.

Auxiliary Output File (Model 420):

The auxiliary output file shall be capable of containing six Model 200 switch packs
and two Model 430 flash transfer relays. The construction plans shall determine the
number of flash transfer relays and switch packs that will be furnished with the
auxiliary output file.

The red and yellow output circuits of switch packs Al, A2, A4, and A5 shall be made
available at a Molex receptacle/plug connection for flash selectability.

Side Panels (Model 332 and Model 334 Cabinets)

Two panels shall be provided and mounted on the cage parallel to the cabinet sides.
In viewing from the back door, the left side panel shall be designated as the “Input
Panel” and the right side panel shall be designated as the “Service Panel”.

Terminal blocks shall be mounted on the panel and wired to the designated
terminations as per applicable cabinet diagrams. The use of raceways shall not be
permitted. Terminal blocks and terminals shall be identified as shown on the cabinet
wiring diagram. Input panel TBK screw size shall be 8-32.
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6.4.6

6.4.6.1

6.4.6.2

6.4.6.3

6.4.7

6.4.7.1

6.4.7.2

6.4.7.3

Cabinet Harnesses (Model 332 and Model 334 Cabinets)

The C1 harness shall be a minimum of 1.2 m in length. The harness wire bundle
shall be provided with external protection and routed on the input panel side of the
cabinet. Adequate length shall be provided to allow the C1P connector to properly
connect any STATE approved controller unit mounted in the cabinet.

One end of the C1 harness shall be the C1P connector with pin contacts wired per
the detail assignment. The other ends of the harnesses shall terminate as follows:

Harness #1 -  C4S connector (connected to C4P on output file)
C5S connector (connected to C5P on either the input panel or
auxiliary output file)
Assigned input files | & J positions and logic ground bus
Harness #2 -  C5S connector (same as harness #1)
C6S connector (connected to C6P on output/PDA assembly)
Assigned input file positions and logic ground bus

Conductors between the C1 connector and the input file(s) shall be of adequate
length to allow any conductor to be connected to any detector output terminal
(positions S, F, or W).

Pullout Drawer Assembly

Pullout Drawer/Cabinet Print Holder: A pullout drawer shall be installed in the cabinet
cage (see Equipment Mounting Drawing).

The drawer shall be 430 mm long by 430 mm wide by 44 mm deep. It shall have a
hinged top that covers the storage box area and also provides a smooth surface to
write on.

The drawer shall be General Devices D4080-19W (or equal).
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6.5.1

6.5.1.1

6.5.1.2

6.5.1.2.1

6.5.1.2.2

6.5.1.3

6.5.2

6.5.2.1

6.5.2.1.1

SECTION 5 — CABINET WIRING REQUIREMENTS
Cabinet Wiring Diagram

The cabinet wiring diagram for Models 332 or 334 cabinets shall be furnished on
current ODOT drawings for the appropriate cabinet model. One full-sized
reproducible master copy of the drawing will be furnished, upon request. The
drawings are available from the Traffic Signal Services Unit manager. A cabinet
wiring diagram for Model 340 cabinet shall be furnished.

The Contractor shall add to the drawing all information and details required giving an
accurate description of the wiring and operation of each individual cabinet. For
Model 332 and Model 334 Cabinets, the information required includes the following:

Software program number and C1 connector pin program assigned functions
Input panel phase and loop number references

Input and output file phase references

Location and phase reference for all input/output devices furnished
Modifications made to standard cabinet wiring

Intersection layout

Phase sequence diagram

Preemption sequence diagram (if applicable).

NN E

For Model 332 and Model 334 Cabinets, the intersection layout shall include all
vehicle signals, pedestrian signals, vehicle detectors, push buttons, lane usage
arrows, and special devices located and identified as shown on the plans. A north
arrow shall also be included and the intersecting streets shall be identified.

For Model 332 and Model 334 Cabinets, the phase and preemption sequence
diagrams shall refer to the phase designations and sequence shown on the plans for
both normal phase rotation and preemption.

Four OZALID-type (or equivalent) copies of the wiring diagram shall be furnished
with each Model 332 or Model 334 controller cabinet. The copies shall not be
reduced in size.

Conductors (Model 332 and Model 334 Cabinets)

All conductors used in cabinet wiring shall terminate with properly sized, insulated,
spring spade type terminals except when soldered to a through-panel solder lug on
the rear side of the TBK or as specified otherwise. All spade connectors on wires
connecting the input panel to the input files shall be crimped and soldered to the
wires.

All crimp-style connectors shall be applied with a tool that prevents opening of the
handles until the crimp cycle is completed.
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6.5.2.1.2

6.5.2.2

6.5.2.3

6.5.2.4

6.5.2.5

6.5.2.6

6.5.2.6.1

6.5.2.6.2

6.5.2.7

6.5.2.8

6.5.2.9

All conductor sizes shown are AWG.

Conductors between the service terminal AC- and EG and their associated bus, the
EG bus conductor to power distribution assembly and cage rail, and the AC- bus to
power distribution assembly shall be No. 8 (or larger).

All conductors, unless otherwise specified, shall be stranded No. 22 (or larger).
Conductors shall be rated for 600 volts and shall conform to IMSA Specification 50-2
(or better). The insulation shall have a minimum thickness of 10 mils and shall be
Nylon-jacketed polyvinyl chloride, except that conductors No. 14 and larger may
have Type THHN/THWN insulation.

All conductors, except those that can be readily traced, shall be labeled. Labels
attached to each end of the conductor shall identify the destination of the other end
of the conductor.

All conductors shall conform to the following color-code requirements:

1. The grounded conductors of AC circuits shall be identified by a continuous white
or gray color.

2. The equipment-grounding conductors shall be identified by a solid green color or
by a continuous green color with one or more yellow stripes.

3. The DC logic ground conductors shall be identified by a solid white color with a
red stripe.

4. The ungrounded conductors shall be identified by any color not specified in 1, 2,
or 3 above.

All wiring harnesses shall be neat, firm, and routed to minimize crosstalk and
electrical interference.

Wiring containing AC shall be routed and bundled separately or shielded separately
from all logic voltage control circuits.

Cabling and wiring shall be routed to prevent conductors from being in contact with
metal edges. Cabling and wiring shall be arranged so that any removable assembly
may be removed without disturbing conductors not associated with that assembly.

Within the cabinet, the DC logic ground and EG shall be electrically isolated from the
AC grounded conductor and each other by 500 megohms when tested at 500 VAC,
with the power line surge protector disconnected.

The AC- copper terminal bus shall not be grounded to the cabinet or connected to
logic ground. Nylon screws with a minimum diameter of 6 mm shall be used for
securing the bus to the service panel.

The cabinet power supply DC ground shall be connected to the DC logic ground bus
using a No. 14 (or larger) stranded copper wire.
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6.5.2.10

6.5.3

6.5.3.1

6.5.3.2

6.5.3.3

6.5.3.4

6.5.3.5

6.5.4

6.5.4.1

Each detector lead-in pair for input panels #1 and #3, from the field terminals to the
input file terminals, shall be a cable of IMSA type 50-2 (or better). The stranded,
tinned, copper drain wire shall be connected to the “L” terminal on the input file
TBKs. This input terminal shall be connected to the equipment grounding bus
through a single conductor. Each connection shall be made by using a crimp
connector that is soldered after the connector is crimped to the wire. These cables
shall be heat shrunk protected - both the drain wire and the foil shield, to prevent
shorting against the contacts on the back of the input file.

Conductors (Model 340 Cabinet)

All conductors used in cabinet wiring shall terminate with properly sized, insulated,
spring spade type terminals. All spade connectors on wires shall be crimped. Sensor
and device wiring shall be terminated per manufacturer's instructions. In the
absence of manufacturer termination instructions, the sensor and device wiring shall
be terminated with a spade connector that has been crimped and soldered to the
wire.

All crimp style connectors shall be applied with a tool that prevents openings of the
handles until the crimp cycle is completed.

All conductors shall conform to the following color code requirements:

1.The grounded conductors of AC circuits shall be identified by a continuous white or
gray color.

2.The equipment-grounding conductors shall be identified by a solid green color or
by a continuous green color with one or more yellow stripes.

3.The ungrounded conductors shall be identified by any color not specified in 1 or 2
above.

Cabling shall be routed to prevent conductors from being in contact with metal
edges. Cabling shall be arranged so that any removable assembly may be removed
without disturbing conductors not associated with that assembly.

The AC copper terminal bus shall not be grounded to the cabinet or connected to
logic ground. Nylon screws with a minimum diameter of 6 mm shall be used for
securing the bus to the service panel. Maintenance personnel shall protect the bus
from accidental contact.

Terminal Blocks (Model 332 and Model 334 Cabinets)

The TBKs shall be barrier type, rated at 20 amps, 600 volts RMS, minimum. The
terminal screws shall be 7.9 mm minimum length, nickel-plated, brass binder head
type with screw inserts of the same material. Screw size is called out under
associated cabinet assembly, file or side panel.
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6.5.4.2

6.5.5

6.5.5.1

6.5.5.2

6.5.5.3

6.5.6

6.5.6.1

6.5.6.1.1

6.5.6.1.2

6.5.6.2

6.5.6.3

The terminals of the power line service TBK shall be labeled “L1", “AC-*, and “EG”
and shall be covered with a clear insulating material to prevent inadvertent contact.
Terminating lugs large enough to accommodate No. 2 conductors shall be furnished
for the service TBK. The TBK shall be rated for 50 amps at 600 volts peak,
minimum. The block shall be either a double row, three position screw/insert with
shorting bar (screws, inserts, and shorting bars shall be nickel plated brass) or a
Marathon #1423552 (or equal). If the Marathon block is used, the surge protectors
shall be terminated under a screw head (nhot common with AC+, AC-, or EG service
conductors). The AC+, AC-, and EG conductors connecting to the service terminals
and appropriate busses shall not be spade lugged.

Terminal Blocks (Model 340 Cabinet)
All terminal blocks shall comply with UL 1059 or NEMA ICS 4.

For No. 10 AWG conductors or smaller, one-piece double terminal, barrier type with
binder screw terminals shall be used. Terminal ampacities shall be equal or greater
than conductor ampacities.

For No. 8 AWG conductors or larger, use either one-piece or factory-assembled
sectional barrier type with box-lug terminals having a pressure plate between screw
and conductor. Use terminals of correct size for the conductors to be connected.

Detector Test Buttons (Model 332 and Model 334 Cabinets)

A detector test panel containing 12 normally open pushbuttons shall be furnished
and installed on the inside front cabinet door or across the top front of the rack
assembly. All pushbuttons shall be wired directly to the back of the input file.

There shall be a pushbutton for one detector input in a Model 332 Cabinet
associated with each of the eight vehicle (count and extend) and four pedestrian
phases, whether or not such phases are used at a particular location.

There shall be a pushbutton in a Model 334 Cabinet for one detector input
associated with the following C1 inputs: 39, 44, 45, 47, 48, 50, 52, 56, 57, 59, 61,
and 81.

The panel shall have a connector for disconnecting all panel wiring from the input
file.

All pushbuttons shall be labeled by function. Pushbuttons in a Model 332 Cabinet
shall also be labeled by phase

Chapter 6 - Model 332, 334 and 340 Cabinets 92 March 13, 2001



SECTION 6 — CABINET TRANSIENT SURGE SUPPRESSION REQUIREMENTS
6.6.1 Power Line

6.6.1.1 The power line surge protector shall be metal oxide varistor (MOV). One shall be
installed between AC+ and EG and the other between AC- and EG. The MOV shall
have the following ratings:

Recurrent peak voltage: 212 volts
Energy rating: 50 Joules, maximum
Power dissipation: 0.85 watt, average
Peak current for pulses: 2,000 amps for less than 6 uS
Standby current: Less than 1 mA

6.6.2 Modem Interconnect Lines (Model 332 and Model 334 Cabinets)
6.6.2.1 General Requirements:

Shall be installed in all cabinets

Shall suppress bipolar and bi-directional transients

Shall fail in the open circuit configuration

Shall be of solid state design and contain no spark gap or gas tube
Leakage current to ground, maximum: 0.2 mA

Circuit impedance loading: <250

6.6.2.2 TVSS Performance:

1. Rated single transient energy: 75
(10 x 100 pS, Joules)

2. Single pulse transient current: 2,000
(8 x 20 pyS, amps peak)

3. Maximum clamping voltage: 36

(1 kV, 200 A 8 x50 uS, V peak)
6.6.2.3 Physical Characteristics:

1. Operating temperature: -34°C to 74°C
2. Dimensions, maximum: L125 mm x W 100 mm x D 50 mm
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6.6.3 Telephone Line Protection (Model 340 Cabinet)

Protection Modes Line-to-Line (L-L) and Line-to-Ground (L-G) Mode
Dynamic Response Time 1 nanosecond (maximum)

Max. Peak Signal Voltage 24

Nominal Breakdown Voltage 30

Max. Current (Ip 10x1000 pS) 71 amps

Max. Clamp Voltage @ Ip 38

Capacitance <1400 pf

Max. Continuous Current 150 mA

Nominal Series Resistance 8 ohms
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CHAPTER 7

SPECIFICATIONS FOR CABINET MODELS 336, 336S AND 344
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SECTION 1 - GENERAL REQUIREMENTS AND CABINET MODEL COMPOSITION

7.1.1

7111

7.1.1.2

7.1.1.3

7.1.14

7.1.15

7.1.2

7121

Unless otherwise specified, the model shall be furnished, ready for operation, with
the following compaosition:

A Model 336 or 336S Intersection Cabinet shall consist of:

Housing #2 (336) or #3 (336S) C1 Harness #3

Mounting Cage #2 (336) or #3 (336S) C2 Harness

Power Distribution Assembly #2 Service Panel #2

Input File Input Panel #2

Output File #1 Pull-Out Drawer Assembly

A Model 336 or 336S Ramp Meter Cabinet (panel termination) shall consist of:

Housing #2 (336) or #3 (336S) C1 Harness #2
Mounting Cage #2 (336) or #3 (336S) C2 Harness
Power Distribution Assembly #3 Service Panel #2
Input File Input Panel #3

Pull-Out Drawer Assembly

A Model 344 ITS Cabinet shall consist of:

Housing #3 Pull-Out Drawer Assembly
Mounting Cage #3 1-Full Depth Shelf
Power Distribution Assembly #5 Service Panel #1

The controller unit with Model 400 Modem shall be furnished with Model 336 and
Model 336S cabinets. These cabinets shall have all input and output files installed
and wired complete for 8-phase operation. However, only those input and output
devices, such as detector sensor units, isolator units, and switch packs necessary to
provide the operation required by the plans or specifications shall be furnished.

All assemblies and files included in Model 336 and Model 336S cabinets shall be
mounted on the cage mounting rails per cabinet model detail. Cabinet model
interface wiring shall be per specified C1 Harness, detailed wiring lists, and required
cabinet wiring diagram.

Cabinet Shipping Requirements
The cabinet shall be delivered mounted on a plyboard shipping pallet. The pallet

shall be bolted to the cabinet base. The housing doors shall be blocked to prevent
movement during transportation.
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7.1.3

7.131

7.1.3.2

7.1.3.3

7.1.3.4

7.1.4

7141

Cabinet Finish

Inside and outside of walls, doors, and ceiling of the cabinet shall be anodized after
fabrication.

All nuts, bolts, washers, screws [4 mm (or larger)], hinges, and hinge pins shall be
stainless steel unless otherwise specified.

A cage mounting clear area for the controller unit shall be provided in Model 336 and
Model 336S cabinets. The area shall extend 38 mm in front of and 406 mm behind
the front EIA mounting angles. A minimum of 184 mm above the supporting portion
of the angle shall be kept clear for the controller.

All conductors, terminals, and parts that could be hazardous to maintenance
personnel shall be protected with suitable insulating material.

Anchor Bolts

The cabinet shall be furnished with anchor bolts of the size and grade recommended
by the manufacturer.
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7.2.1

7.2.2

7221

7.2.2.2

7.2.2.3

7.2.2.4

7.2.24.1

7.2.2.4.2

SECTION 2 — HOUSING REQUIREMENTS

The housing shall include, but not be limited to the following:

Enclosure Police Panel (Models 336 and 336S only)
Doors Ventilation

Latches/Locks Gaskets

Hinges and Door Catches Cage Supports and Mounting

Light Fixture
Housing Construction

The housing shall be rainproof with the top of the enclosure crowned to prevent
standing water. It shall have single front and rear doors, each equipped with a lock.

The enclosure including doors, lifting eyes, gasket channels, police panel (where
furnished) and all supports welded to the enclosure and doors shall be fabricated of
3.2 mm minimum thickness, aluminum sheet alloy 5052-H32 or 6061-T6. Bolted-on
supports shall either be the same material and thickness as the enclosure or 2.7 mm
minimum steel. The side panels and filter shell shall be fabricated of 2.0 mm
minimum aluminum sheet.

All exterior seams for enclosure and doors shall be continuously welded and shall be
smooth. All edges shall be filed to a radius of 0.8 mm, minimum. ER5356 aluminum
alloy bare welding electrodes conforming to AWS A5.10 requirements shall be used
for welding on aluminum. Procedures, welders, and welding operators shall conform
to the requirements and practices on AWS B3.0 and C5.6 for aluminum.

Aluminum surfaces shall conform to the following:

An anodic coating shall be applied to the aluminum surface after the surface has
been cleaned and etched. The cleaning procedure shall be to immerse in inhibited
alkaline cleaner [Oakite 61A, Diversey 909 (or equivalent) in mix of 45 to 60 g per
liter of distilled water] at 71°C for 5 minutes. Rinse in cold water. The etching
procedure shall be to immerse in a sodium solution [3.7 g sodium fluoride plus
37.5 g sodium hydroxide mix per liter of distilled water] at 66°C for 5 minutes. Rinse
in cold water. Desmut in a 50% by volume nitric acid solution at 20°C for 2 minutes.
Rinse in cold water.

The anodic coating shall conform to MIL-A-8625C (Anodic Coatings for Aluminum
and Aluminum Alloys) for Type Il, Class | Coating except the outer housing surface
coating shall have a 0.018 mm minimum thickness and a 20 mg per 500 mm?
minimum coating weight. The anodic coating shall be sealed in a 5% aqueous
solution (pH 5.0 to 6.5) of nickel acetate at 99°C for 15 minutes.

Chapter 7 - Model 336, 336S and 344 Cabinets 99 October 19, 2000



7.2.25

7.2.2.6

7.2.2.7

7.2.2.8

7.2.2.9

7.2.3

7231

7.2.3.2

7.2.3.3

7.2.3.4

The enclosure doorframes shall be double flanged out on all four sides and shall
have strikers to hold tension on and form a firm seal between the door gasket and
the frame. The dimension between the door edge and the enclosure external
surface when the door is closed and locked shall be 4 (+2) mm.

Gaskets shall be provided on all door openings and shall be dust-tight. Gaskets shall
be 6 mm minimum thickness, closed cell neoprene or silicone [BOYD R-10480 (or
equal)] and shall be permanently bonded to the metal. If neoprene is used, the
mating surface of the gaskets shall be covered with a silicone lubricant to prevent
sticking to the mating metal surface. A gasket top channel shall be provided to
support the top gasket on the door (prevents gasket gravitational fatigue).

Cage bottom support mounting angles shall be provided on either side, level with the
bottom edge of the door opening, for horizontal support and bolt attachment. In
addition, side cage supports shall be provided for the upper cage bolt attachments.
Spacer brackets between the side cage supports and the cage shall be a minimum
thickness of either 4.8 mm aluminum or 2.7 mm steel.

The housing shall be provided with two lifting eyes for placing the cabinet on its
foundation. Each eye opening shall have a minimum diameter of 20 mm. Each eye
shall be able to support a weight load of 450 kg.

All exterior bolt heads shall be tamperproof type.
Door Latches and Locks

The latching handles shall have provision for padlocking in the closed position.
Each handle shall be 20 mm minimum diameter stainless steel with a minimum
13 mm shank. The padlocking attachment shall be placed at 100 mm from the
handle shank center to clear the lock and key. An additional 100 mm minimum
gripping length shall be provided.

The latching mechanism shall be a 3-point draw roller type. The pushrods shall be
turned edgewise at the outward supports and have a cross section of 6 mm thick by
20 mm wide, minimum.

When the door is closed and latched, the door shall be locked. The locks and
handles shall be on the right side of the front door and left side of the rear door. The
lock support shall be rigidly mounted on the door. In the locked position, the bolt
throw shall extend a minimum of 6 (+0.8) mm into the latch cam area. A seal shall be
provided to prevent dust or water entry through the lock opening.

The locks shall be a Best Company 5L7RD Series (or an approved equal) with a red
construction core. Two keys shall be supplied with each cabinet. The keys shall be
removable in the locked position only.
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7.2.35

7.2.3.6

7.2.4

7241

72411

7.24.2

7.2.4.3

7.2.4.4

7.2.5

7.251

The center latch cam shall be fabricated of 4.7 mm minimum thickness steel or
aluminum. The bolt surface shall horizontally cover the cam thickness. The cam
shall be structured to only allow the door to open when the handle is moved toward
the center of the door.

Rollers shall have a 22 mm minimum diameter, with Nylon wheels and steel ball
bearings.

The general requirements for housing ventilation including intake, exhaust,
filtration, fan assembly, and environmental control, as follows:

Both doors shall be provided with louvered vents. The louvered vent depth shall be a
maximum of 6 mm. A removable air filter shall be housed behind the door vents.
The filter filtration area shall cover the vent opening area. A filter shell shall be
provided that fits over the filter, providing mechanical support for the filter. The shell
shall be louvered to direct the incoming air downward. The shell sides and top shall
be bent over a minimum of 5 mm to house the filter. The filter and shell shall be held
firmly in place with a bottom bracket and a spring-loaded upper clamp. No incoming
air shall bypass the filter. The bottom filter bracket shall be formed to create a
waterproof sump with drain holes to the outside housing.

The filter shall be 152 mm high by 406 mm wide by 22 mm thick. The filter shall trap
particles 2 microns and larger.

The intake (including filter with shell) and exhaust areas shall pass a minimum of
0.74 m3 of air per minute.

The housing shall be equipped with an electric fan with ball or roller bearings and a
capacity of at least 2.8 m? of free air delivery per minute. The fan shall be mounted
within the housing and vented.

The fan shall be thermostatically controlled and shall be manually adjustable to turn
on between 33°C and 65°C with a differential of not more than 6°C between
automatic turn on and off. The fan circuit shall be protected at 125% of the fan motor
ampacity. The manual adjustment shall be graded in 10°C increment.

Hinges and Door Catches

Hinges with 2 bolts per leaf shall be provided to bolt the door to the enclosure. Each
door shall have 3 stainless steel hinges. Each hinge shall be 90 mm minimum length
and have a fixed pin. The pin ends shall be welded to the hinge and ground smooth.
The pins and bolts shall be covered by the door edge and not accessible when the
door is closed.
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7.25.2

7.2.6

7.2.6.1

7.2.6.2

7.2.6.3

7.2.6.3.1

7.2.6.3.2

7.2.6.4

7.2.6.5

7.2.7

7.2.7.1

Front and rear doors shall be provided with catches to hold the door open at both
90° and 180° (£10°). The catch minimum diameter shall be either 9.5 mm for plated
steel or aluminum rods, or 6 mm for stainless steel. The catches shall be capable of
holding the door open at 90° in a 95 km/hr wind, acting at an angle perpendicular to
the plane of the door.

Police Panel (Model 336 and Model 336S Cabinet)

A police panel assembly shall be provided to allow limited access to intersection
control by police officers. The police panel assembly, including switches, shall not
extend into the cabinet more than 38 mm.

The police panel door shall be equipped with a lock. The lock shall be keyed with a
master police key. Two keys shall be furnished with each police lock. Each police
key shall have a shaft at least 44 mm in length.

The police panel shall contain two DPST toggle power switches.

The Model 336 and 336S Intersection Cabinets shall have one switch labeled “ON-
OFF” and another labeled “FLASH/AUTOMATIC".

The Model 336 and 336S Ramp Meter Cabinets shall have one switch labeled “ON-
OFF LIGHTS” and another labeled “POLICE CONTROL ON-OFF".

The front and back of the panel shall be enclosed with a rigid metal covering so that
no parts having line voltage are exposed.

The panel assembly shall have a drain to prevent water collecting within the
assembly. The drain shall be channeled to the outside.

Cabinet Light Fixture

An 8-watt, self-starting fluorescent cabinet light shall be installed in each controller
cabinet (see Cabinet Details Drawings). The fixture shall be mounted to the cabinet
exhaust area cover plate by screw and self-locking nut. The mounting hardware
shall not penetrate the exterior of the cabinet shell. The fixture and fluorescent tube
shall not interfere with access to any cabinet component or TBK. The fixture will be
controlled from a door-operated switch located at the rear door. The fixture power
shall be switched “ON” when the rear door is opened. In addition to the rear door
switch, the fixture circuit shall incorporate an accessible power “ON-OFF” switch.
Power for the light fixture shall be supplied from the load side of the 15 amp
Equipment breaker of the PDA through an “in-line” type fuse holder (1 amp fuse)
through the normally closed cabinet rear door switch to the light fixture (see
Equipment Mounting Drawings).
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7.3.1

7.3.2

7.3.3

7.3.4

7.3.5

7.3.6

SECTION 3 — CABINET CAGE REQUIREMENTS

A standard EIA 483 mm rack cage shall be installed inside the housing for
mounting of the controller unit and cabinet assemblies.

The EIA rack portion of the cage shall consist of two pairs of continuous,
adjustable equipment mounting angles. The angle nominal thickness shall either be
3.4 mm plated steel, 2.7 mm stainless steel, or 3.9 mm aluminum. The angles shall
be tapped with 10-32 threads with EIA universal spacing. The angle shall comply
with Standard EIA-310-B and shall be supported at the top and bottom by either
welded or bolted support angles to form a cage.

Clearance between rails for mounting assemblies shall be 450 mm.

Two steel supporting angles extending from the front to the back rails shall be
supplied with Model 336 or Model 336S cabinets to support the controller unit. The
angles shall be designed to support a minimum of 23 kg each. The horizontal side of
each angle shall be a minimum of 75 mm. The angles shall be vertically adjustable.

The cage shall be bolted to the cabinet at eight points, via the housing cage
supports and associated spacer brackets - four at the top and four at the bottom of
the rails.

The cage shall be centered within the cabinet.
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7.4.1

74.11

7.4.1.2

7.4.1.3

74.1.4

74.1.4.1

74.141.1

7.4.1.4.1.2

7.4.1.4.1.3

7.4.1.41.4

7.4.1.4.15

SECTION 4 — CABINET ASSEMBLIES REQUIREMENTS
General Requirements

The following equipment shall be completely removable from the cabinet without
removing any other equipment and using only a slotted or Phillips screwdriver:

Power Distribution Assembly
Pull-Out Drawer Assembly (336S)

All fuses, circuit breakers, switches (except police panel switches, fan fuse and
cabinet light fuse) and indicators shall be readily visible and accessible when the
cabinet front door is open.

All equipment in the cabinet, when required shall be permanently and clearly
labeled. The marker strips shall be made of material that can be easily and legibly
written upon using a pencil or ballpoint pen. Marker strips shall be located
immediately below the item they are to identify and must be clearly visible with all
items installed.

Assemblies and files shall be fabricated of 1.5 mm minimum thickness aluminum or
stainless steel sheet. The metal surface shall be treated with clear chromate.

Additional requirements for Model 336 and Model 336S Cabinets:

Resistor-capacitor transient suppression shall be provided at all AC relay sockets
(across relay coil) except for the flash transfer relays (FTR) in the output files, where
one suppression device may be common for all.

A leakage resistor which permits a small amount of current to pass through the
heavy duty relay coil, shall be installed across the terminals of relay sockets to
overcome the residual magnetism.

Assembly or file depth dimension shall include TBKs.

All assemblies and files (except pullout drawer assembly) shall allow air circulation
through the top and bottom unless specifically called out otherwise.

Socket types for the following equipment shall be:

Switch Pack BEAU S-5412-XX (or equal)
Heavy Duty Relay BEAU S-5408-XX (or equal)
Flasher Unit & Power Supply Module BEAU S-5406-XX (or equal)
210 Monitor Unit PCB 28/56S
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7.4.1.4.1.6 Connector sockets for flasher unit, power supply, and switch pack modules shall be
mounted with their front face 190 mm deep from assembly or file front panel (note
output file exception).

7.4.1.4.1.7 Guides (top and bottom) shall be provided for switch pack modules, flasher units,
monitor unit, WDT module, detector and isolator modules, and power supply module
(bottom only). The guides shall begin 25 (x13) mm in from the front panel surface
and extend to within 13 mm of the connector socket face.

7.4.2 Power Distribution Assembly
7.4.2.1 The following equipment shall be provided with the power distribution assemblies:
7.42.1.1 PDA#2:

1- Duplex NEMA 5-15R Controller Receptacle

2— Duplex NEMA 5-15R Equipment Receptacle

1 -1 Pole, 50 amp, 120 VAC Main Circuit Breaker

1 -1 Pole, 15 amp, 120 VAC Equipment Circuit Breaker

6 — 1 Pole, 15 amp, 120 VAC Signal Bus and Illuminated Sign Circuit Breaker
1 - 2 Pole Ganged, 20 amp, 120 VAC Flash Bus Circuit Breaker
1 — Mercury Contactor, 60 amp, 120 VAC

2 — Model 204 Flasher Unit and Socket

1 — Model 206 Power Supply Module and Socket

1 — AUTO/FLASH Control Switch

1 — FLASH On Indicator Light

3 — 10 Position TBK T1, T2 & T4

1 — 4 Position TBK T3

7.4.2.1.2 PDA#3:

1- Duplex NEMA 5-15R Controller Receptacle

2— Duplex NEMA 5-15R Equipment Receptacle

1 -1 Pole, 30 amp, 120 VAC Main Circuit Breaker

3 -1 Pole, 15 amp, 120 VAC Circuit Breaker (Equip & Field)
1 — Model 206 Power Supply Module and Socket

1 — Model 208 Monitor Unit and Socket

1 — Model 430 Heavy Duty Relay and Socket (Transfer Relay)
1 — Watchdog Timer ON/OFF-RESET Control Switch

3 — Model 200 Switchpack Socket

3 -10 Position TBK T1, T2, and T4

1 — 4 Position TBK T3
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7.4.2.1.3

7.4.2.2

7.4.2.3

74.2.4

7.4.2.5

7.4.25.1

7.4.25.2

7.4.2.5.3

7.4.25.4

7.4.2.5.5

PDA #5

2 - Duplex NEMA 5-15R GFCI Receptacles

2 - Duplex NEMA 5-15R Equipment Receptacles

1-1 Pole, 40 amp, 120 VAC Main Circuit Breaker

2 - 1 Pole, 15 amp, 120 VAC Equipment Circuit Breaker

1-1 Pole, 15 amp, 120 VAC GFI Receptacle Breaker

1 -1 Pole 15 amp, 120 VAC Cabinet Accessory Breaker (Fan and Light)
1 -1 Pole, 15 amp, 120 VAC Spare Breaker

Breaker ratings shall be shown on face of breaker or handle. Breaker function shall
be labeled below breaker on front panel.

The equipment receptacles shall have ground-fault circuit interruption as defined in
the National Electrical Code.

All conductors from the power distribution assembly routed to the cabinet wiring shall
be connected to the TBK on the common side, except for the AC power conductor
between the service TBK and main circuit breaker. All internal conductors
terminating at the blocks shall be connected to the other side of the blocks.

Additional requirements for Model 336 and Model 336S Cabinets:

The AUTO/FLASH switch, when placed in FLASH position (down), shall energize the
Mercury Contactor (MC) coil. When the switch is placed in the AUTO position (up),
the switch packs shall control the signal indications. The switch shall be a SPST
toggle control switch.

The FLASH indicator light labeled “FLASH ON” shall be mounted on the PDA front
panel. The lamp shall be driven as specified in Section 7.4.2.5.6.2.

Ganged circuit breakers shall be certified by the circuit breaker manufacturer that
their circuit breakers shall gang trip.

llluminated Sign Circuit Breaker - A 15 amp, 120 volt AC circuit breaker shall be
installed for illuminated sign circuit protection. The breaker shall be placed on the
load side of the main breaker. The breaker shall be located on the front panel of the
PDA assembly next to the other breakers.

The monitor unit ON/OFF-RESET switch shall be a DPST toggle control mounted on
the PDA #3 front panel. When placed in the OFF-RESET (down) position, a
grounded input shall be presented at the monitor unit Pin 21 (resetting the WDT
circuitry). The other side of the switch circuit bypasses the monitor unit.
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7.4.2.5.6

7.4.25.6.1

7.4.25.6.2

74257

7.4.257.1

7.4.257.2

7.4.25.7.3

7.4.257.4

Signal Bus Circuit Breakers:

Five single-pole, 15 amp circuit breakers with auxiliary switch feature and medium
trip delay characteristic shall be provided.

The five breakers shall be wired and routed per the Circuit Breaker Line Diagram.
The breaker auxiliary switch circuit shall be open when the breaker is in the ON
position. The auxiliary circuits shall be wired in parallel so that any tripped breaker
shall energize the mercury contactor coil, flash transfer relay coils, and the FLASH
ON indicator (Section 7.4.2.5.2). The auxiliary contacts shall be rated at 5 amps, 120
VAC, minimum (fast-on type connection).

Model 206 Power Supply Module:

A power supply shall be provided to supply +24 VDC to the input and output files for
use by their associated devices. The front panel shall include AC and DC fuses,
“POWER ON?” light, and test points for monitoring the output voltages. The power
supply shall be of ferro-resonant design having no active components and will
conform to the following requirements:

1. Line Regulation: 2% from 90 to 135 VAC at 60 Hz, plus an additional 1.6% for
each additional 1% frequency change

2. Load Regulation: 5% from 1 amp to 5 amps with a maximum temperature rise of

30°C above ambient

Design Voltage: +24 (+0.5) VDC at full load, 30°C, 115 VAC incoming after a 30

minute warm-up period

Full Load Current: 5 amps, minimum

Ripple Noise: 2 volts peak-to-peak and 500 mV RMS at full load

Line Voltage: 90 to 135 VAC

Efficiency: 70% minimum

Minimum Voltage: +22.8 VDC

Circuit capacitors shall be rated for 40 volts, minimum.

w

©CoNo A

The module chassis shall be vented. Its top and side shall be open except for unit
supports.

When resident in the PDA assembly, the module shall be held firmly in place by its
stud screw, assembly connector support panel, and a wingnut.

Two 0.5 ohm, 10 watt minimum, wire-wound power resistors with a 0.2 pH
inductance shall be provided; 1 on the AC+ power line and 1 on the AC- line. Three
MOV surge arrestors rated for 20 Joules minimum, shall be provided between AC+
and EG, AC- and EG, and between AC+ and AC-. A 0.68 uF capacitor shall be
placed across AC+ and AC- between the 2 power resistors and the MOV's.
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7.4.2.5.7.5 Terminal screw size shall be 10-32 for TBK T1, T2, & T4 and 6-32 for TBK T3.

7.4.3

7431

7.4.3.2

7.4.3.3

7.4.3.4

7.4.4

74.4.1

74411

7.4.4.1.2

7.4.4.1.3

74.4.1.4

7.4.4.1.5

7.4.4.1.6

7.4.4.1.7

Input File (Model 336 and Model 336S Cabinets)

The file shall have a maximum depth of 215 mm and shall intermate with and
support 14, 2-channel detector or isolator units.

The file shall provide a PCB 22/44S connector which shall be a DALE EB7CS22GY
(or equal) and shall be centered vertically for each 2-channel detector. The
associated number and letter side connectors shall be shorted internally. Pins D, E,
F, J, KL, and W shall be brought out to an 8-position TBK on the back of the file.
The output emitters shall be common grounded with the ground terminating at TB
15, position 4. Position 8 of the TBK is assigned to EG and is used to terminate
lead-in shields.

The input file shall be provided with marker strips to identify isolators and detectors
in the file.

TBK terminal screw size shall be 8-32.
Output File (Model 336 and Model 336S Cabinets)
General Requirements:

The output file shall be provided with marker strips to identify switch packs when
mounted in the file.

Switch pack connectors, monitor unit connectors, flash transfer relay sockets, and
flash programming connectors shall be accessible from the back of the output file
without the use of tools or removal of any other equipment.

TBK 01 and 03 terminal positions shall be labeled functionally. Terminal screw size
shall be 8-32.

Field wire TBKs shall be mounted vertically on the back of the assembly. The output
file shall have 3 TBKs with 12 positions. Terminal position screw size shall be 10-32.

The depth of the file shall not exceed 368 mm.

The flash programming connectors shall be Molex Type 1375 (or equal). The
receptacle shall be mounted on the file with a programmable plug connected. The
plug connector, with programming jumpers, shall be furnished for each circuit to
allow red or yellow flash programming. Plug pins shall be crimped and soldered.

TBK 02 and 04 terminal screw size shall be 6-32.
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7.4.4.1.8

7.4.4.2

74421

7.4.4.2.2

7.4.4.2.3

7.4.4.2.4

7.4.4.3

7.4.43.1

7.4.4.3.2

7.4.5

7451

7.45.2

Output file connectors and sockets shall be hard wired and PCBs will not be allowed.
Output File #1:

The output file shall be capable of containing 12 Model 200 switch packs, 4 Model
430 flash transfer relays, and the Model 210 monitor unit. A monitor unit shall be
furnished with each output file. The construction plans shall determine the number of
flash transfer relays and switch packs that will be furnished with the output file.

The red and yellow output circuits of switch packs 1, 2, 4, 5, 7, 8, 10, and 11 shall be
made available at a Molex receptacle/plug connection for flash selectability.

It shall be possible to remove the Model 210 monitor unit without causing the
intersection to go into flashing operation. The cabinet shall be wired so that, with the
front cabinet door closed and with the monitor unit removed, the intersection shall go
into flashing operation (see One Line Diagram). The cabinet shall contain a
conspicuous warning against operation with the monitor unit removed.

The monitor unit compartment including the housed monitor unit, exclusive of the
handle, shall extend no farther than 32 mm in front of the rack front surface. The
switch pack socket connector front surface shall be no more than 216 mm in depth
from the front surface of the output file.

Auxiliary Output File (Model 420):

The auxiliary output file shall be capable of containing 6 Model 200 switch packs and
2 Model 430 flash transfer relays. The construction plans shall determine the
number of flash transfer relays and switch packs that will be furnished with the
auxiliary output file.

The red and yellow output circuits of switch packs Al, A2, A4, and A5 shall be made
available at a Molex receptacle/plug connection for flash selectability.

Side Panels (Model 336 and Model 336S Cabinets)

Two panels shall be provided and mounted on the cage parallel to the cabinet sides.
In viewing from the back door, the left side panel shall be designated as the “Input
Panel” and the right side panel shall be designated as the “Service Panel”.

Terminal blocks shall be mounted on the panel and wired to the designated
terminations as per applicable cabinet diagrams. The use of raceways shall not be
permitted. Terminal blocks and terminals shall be identified as shown on the cabinet
wiring diagram. Input panel TBK screw size shall be 8-32.
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7.4.6

7.4.6.1

7.4.6.2

7.4.6.3

7.4.7

74.7.1

7.4.7.2

7.4.7.3

Cabinet Harnesses (Model 336 and Model 336S Cabinets)

The C1 harness shall be a minimum of 1.2 m in length. The harness wire bundle
shall be provided with external protection and routed on the input panel side of the
cabinet. Adequate length shall be provided to allow the C1P connector to properly
connect any STATE approved controller unit mounted in the cabinet.

One end of the C1 harness shall be the C1P connector with pin contacts wired per
the detail assignment. The other ends of the harnesses shall terminate as follows:

Harness #2 -  C5S connector (connected to C5P on either the
input panel or auxiliary output file)
C6S connector (connected to C6P on
output/PDA assembly)
Assigned input file positions and logic ground bus

Harness #3 -  C4S connector (connected to C4P on output file)
Assigned input file positions

Input Panel TBK and logic ground bus
Conductors between the C1 connector and the input file shall be of adequate length
to allow any conductor to be connected to any detector output terminal (positions S,
F, or W).

Pullout Drawer Assembly

Pullout Drawer/Cabinet Print Holder: A pullout drawer shall be installed in the cabinet
cage (see Equipment Mounting Drawing).

The drawer shall be 430 mm long by 430 mm wide by 44 mm deep. It shall have a
hinged top that covers the storage box area and also provides a smooth surface to
write on.

The drawer shall be General Devices D4080-19W (or equal).

Chapter 7 - Model 336, 336S and 344 Cabinets 110 October 19, 2000



7.5.1

7511

7.5.1.2

7.5.1.21

7.5.1.2.2
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SECTION 5 — CABINET WIRING REQUIREMENTS
Cabinet Wiring Diagram

The cabinet wiring diagram for Models 336 or 336S cabinets shall be furnished on
current ODOT drawings for the appropriate cabinet model. One full-sized
reproducible master copy of the drawing will be furnished, upon request. The
drawings are available from the Traffic Signal Services Unit manager. A cabinet
wiring diagram for Model 344 cabinet shall be furnished.

The Contractor shall add to the drawing all information and details required giving an
accurate description of the wiring and operation of each individual cabinet. For
Model 336 and Model 336S cabinets, the information required includes the following:

Software program number and C1 connector pin program assigned functions
Input file phase and loop number references

Output file phase references

Location and phase reference for all input/output devices furnished
Modifications made to standard cabinet wiring

Intersection layout

Phase sequence diagram

Preemption sequence diagram (if applicable)

NN E

For Model 336 and Model 336S Cabinets, the intersection layout shall include all
vehicle signals, pedestrian signals, vehicle detectors, push buttons, lane usage
arrows, and special devices located and identified as shown on the plans. A north
arrow shall also be included and the intersecting streets shall be identified.

For Model 336 and Model 336S Cabinets, the phase and preemption sequence
diagrams shall refer to the phase designations and sequence shown on the plans for
both normal phase rotation and preemption.

Four OZALID-type (or equivalent) copies of the wiring diagram shall be furnished
with each Model 336 or Model 336S controller cabinet. The copies shall not be
reduced in size.

Conductors (Model 336 and Model 336S Cabinets)

All conductors used in cabinet wiring shall terminate with properly sized, insulated,
spring spade type terminals except when soldered to a through-panel solder lug on
the rear side of the TBK or as specified otherwise. All spade connectors on wires
connecting the input panel to the input files shall be crimped and soldered to the
wires.

All crimp-style connectors shall be applied with a tool that prevents opening of the
handles until the crimp cycle is completed.
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7.5.2.2

7.5.2.3

7524

7.5.25

7.5.2.6

7.5.2.6.1

7.5.2.6.2

7.5.2.7

7.5.2.8

7.5.2.9

All conductor sizes shown are AWG.

Conductors between the service terminal AC- and EG and their associated bus, the
EG bus conductor to power distribution assembly and cage rail, and the AC- bus to
power distribution assembly shall be No. 8 (or larger).

All conductors, unless otherwise specified, shall be stranded No. 22 (or larger).
Conductors shall be rated for 600 volts and shall conform to IMSA Specification 50-2
(or better). The insulation shall have a minimum thickness of 10 mils and shall be
Nylon-jacketed polyvinyl chloride, except that conductors No. 14 and larger may
have Type THHN/THWN insulation.

All conductors, except those that can be readily traced, shall be labeled. Labels
attached to each end of the conductor shall identify the destination of the other end
of the conductor.

All conductors shall conform to the following color-code requirements:

1. The grounded conductors of AC circuits shall be identified by a continuous white
or gray color.

2. The equipment-grounding conductors shall be identified by a solid green color or
by a continuous green color with one or more yellow stripes.

3. The DC logic ground conductors shall be identified by a solid white color with a
red stripe.

4. The ungrounded conductors shall be identified by any color not specified in 1, 2,
or 3 above.

All wiring harnesses shall be neat, firm, and routed to minimize crosstalk and
electrical interference.

Wiring containing AC shall be routed and bundled separately or shielded separately
from all logic voltage control circuits.

Cabling shall be routed to prevent conductors from being in contact with metal
edges. Cabling shall be arranged so that any removable assembly may be removed
without disturbing conductors not associated with that assembly.

Within the cabinet, the DC logic ground and EG shall be electrically isolated from the
AC grounded conductor and each other by 500 megohms when tested at 500 VAC,
with the power line surge protector disconnected.

The AC- copper terminal bus shall not be grounded to the cabinet or connected to
logic ground. Nylon screws with a minimum diameter of 6 mm shall be used for
securing the bus to the service panel.

The cabinet power supply DC ground shall be connected to the DC logic ground bus
using a No. 14 (or larger) stranded copper wire.
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7.5.3.3

7.5.3.4

7.5.4

7541

Each detector lead-in pair for input panels #1 and #3, from the field terminals to the
input file terminals, shall be a cable of IMSA type 50-2 (or better). The stranded,
tinned, copper drain wire shall be connected to the “L” terminal on the input file
TBKs. This input terminal shall be connected to the equipment grounding bus
through a single conductor. Each connection shall be made by using a crimp
connector that is soldered after the connector is crimped to the wire. These cables
shall be heat shrunk protected - both the drain wire and the foil shield, to prevent
shorting against the contacts on the back of the input file.

Conductors (Model 344 Cabinet)

All conductors used in cabinet wiring shall terminate with properly sized, insulated,
spring spade type terminals. All spade connectors on wires shall be crimped. Sensor
and device wiring shall be terminated per manufacturer's instructions. In the
absence of manufacturer termination instructions, the sensor and device wiring shall
be terminated with a spade connector that has been crimped and soldered to the
wire.

All crimp style connectors shall be applied with a tool that prevents openings of the
handles until the crimp cycle is completed.

All conductors shall conform to the following color code requirements:

1. The grounded conductors of AC circuits shall be identified by a continuous white
or gray color.

2. The equipment-grounding conductors shall be identified by a solid green color or
by a continuous green color with one or more yellow stripes.

3. The ungrounded conductors shall be identified by any color not specified in 1 or
2 above.

Cabling shall be routed to prevent conductors from being in contact with metal
edges. Cabling shall be arranged so that any removable assembly may be removed
without disturbing conductors not associated with that assembly.

The AC copper terminal bus shall not be grounded to the cabinet or connected to
logic ground. Nylon screws with a minimum diameter of 6 mm shall be used for
securing the bus to the service panel. Maintenance personnel shall protect the bus
from accidental contact.

Terminal Blocks (Model 336 and Model 336S Cabinets)

The TBKs shall be barrier type, rated at 20 amps, 600 volts RMS, minimum. The
terminal screws shall be 7.9 mm minimum length, nickel-plated, brass binder head
type with screw inserts of the same material. Screw size is called out under
associated cabinet assembly, file or side panel.
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The terminals of the power line service TBK shall be labeled “L1", “AC-*, and “EG”
and shall be covered with a clear insulating material to prevent inadvertent contact.
Terminating lugs large enough to accommodate No. 2 conductors shall be furnished
for the service TBK. The TBK shall be rated for 50 amps at 600 volts peak,
minimum. The block shall be either a double row, three position screw/insert with
shorting bar (screws, inserts, and shorting bars shall be nickel-plated brass) or a
Marathon #1423552 (or equal). If the Marathon block is used, the surge protectors
shall be terminated under a screw head (nhot common with AC+, AC-, or EG service
conductors). The AC+, AC-, and EG conductors connecting to the service terminals
and appropriate busses shall not be spade lugged.

Terminal Blocks (Model 344 Cabinet)
All terminal blocks shall comply with UL 1059 or NEMA ICS 4.

For No. 10 AWG conductors or smaller, one-piece double terminal, barrier type with
binder screw terminals shall be used. Terminal ampacities shall be equal or greater
than conductor ampacities.

For No. 8 AWG conductors or larger, use either one-piece or factory-assembled
sectional barrier type with box-lug terminals having a pressure plate between screw
and conductor. Use terminals of correct size for the conductors to be connected.

Detector Test Buttons (Model 336 and Model 336S Cabinets)

A detector test panel containing 12 normally open push buttons shall be furnished
and installed on the inside front cabinet door or across the top front of the rack
assembly. All push buttons shall be wired directly to the back of the input file.

There shall be a pushbutton for one detector input in a Model 336 or Model 336S
Intersection Cabinet associated with each of the eight vehicle (count and extend)
and four pedestrian phases, whether or not such phases are used at a particular
location.

There shall be a pushbutton in a Model 336 or Model 336S Ramp Meter Cabinet for
one detector input associated with the following C1 inputs: 39, 44, 45, 47, 48, 50, 52,
56, 57, 59, 61, and 81.

The panel shall have a connector for disconnecting all test panel wiring from the
input file.

All pushbuttons shall be labeled by function. Pushbuttons in a Model 336 or Model
336S Intersection Cabinet shall also be labeled by phase.
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SECTION 6 — CABINET TRANSIENT SURGE SUPPRESSION REQUIREMENTS

7.6.1

7.6.11

7.6.2

7.6.2.1

7.6.2.2

7.6.2.3

7.6.3

Power Line

The power line surge protector shall be metal oxide varistor (MOV). One shall be
installed between AC+ and EG and the other between AC- and EG. The MOV shall
have the following ratings:

Recurrent peak voltage: 212 volts
Energy rating: 50 Joules, maximum
Power dissipation: 0.85 watt, average
Peak current for pulses: 2,000 amps for less than 6 uS
Standby current: Less than 1 mA

Modem Interconnect Lines (Model 336 and Model 336S Cabinets)
General Requirements:

Shall be installed in all cabinets

Shall suppress bipolar and bi-directional transients

Shall fail in the open circuit configuration

Shall be of solid state design and contain no spark gap or gas tube
Leakage current to ground, maximum: 0.2 mA

Circuit impedance loading: <25Q

oglrwnNE

TVSS Performance:

1. Rated single transient energy: 75 (10 x 100 pS, Joules)
2. Single pulse transient current: 2,000(8 x 20 puS, amps peak)
3. Maximum clamping voltage: 36(1 kV, 200 A 8 x 50 uS, V peak)

Physical Characteristics:

1. Operating temperature: -34°C to 74°C
2. Dimensions, maximum: L125 mm x W 100 mm x D 50 mm

Telephone Line Protection (Model 344 Cabinet)

Protection Modes Line-to-Line (L-L) and Line-to-Ground (L-G) Mode
Dynamic Response Time 1 nanosecond (maximum)

Max. Peak Signal Voltage 24

Nominal Breakdown Voltage 30

Max. Current (Ip 10x1000 pS) 71 amps

Max. Clamp Voltage @ Ip 38

Capacitance <1400 pf

Max. Continuous Current 150 mA

Nominal Series Resistance 8 ohms

Chapter 7 - Model 336, 336S and 344 Cabinets 115 October 19, 2000



Blank page

Chapter 7 - Model 336, 336S and 344 Cabinets 116 October 19, 2000



CHAPTER 8

SPECIFICATIONS FOR MODEM MODULES

Chapter 8- Modem Modules 117 July 20, 2000



Blank page

Chapter 8 - Modem Modules 118 July 20, 2000



SECTION 1 — MODEL 400 MODEM MODULE GENERAL REQUIREMENTS
8.1.1 The Modem shall provide 4-wire full duplex communications.

8.1.2 The Modem shall be compatible with Bell Standard 202S and comply with the
following requirements:

Data Rate: 300 to 1,200 baud modulation

Modulation: Phase coherent frequency shift keying (FSK)

Data Format: Asynchronous, serial by bit

Line and Signal Requirements: Type 3002 voice-grade, unconditioned

ACIA and Modem Interface: EIA-232-C standards

Tone Carrier Frequencies (Transmit and Receive): 1200 Hz (MARK) and 2200

Hz (SPACE) with £1% tolerance. The operating band shall be (half power, -3dB)

between 1000 and 2400 Hz

7. Transmitting Output Signal Level: O, -2, -4, -6, and -8 dB (at 1700 Hz) continuous

or switch selectable

Receiver Input Sensitivity: 0 to —40 dB

Receiver Bandpass Filter: Shall meet the error rate requirement specified in

Paragraph 8.1.2.15 and shall provide 20 dB/Octave, minimum active attenuation

for all frequencies outside the operating band.

10. Clear-to-Send (CTS) Delay: 12 (+2) ms

11. Receive Line Signal Detect Time: 8 (x2) ms mark frequency

12. Receive Line Squelch: 6.5 (x1) ms, 0 ms (OUT)

13. Soft Carrier (900 Hz) Turn Off Time: 10 (¥2) ms

14. Modem Recovery Timer: Capable of receiving data within 22 ms after completion
of transmission

15. Error Rate: Shall not exceed 1 bit in 100,000 bits, with a signal-to-noise ratio of
16 dB, measured with flat-weight over a 300 to 3,000 Hz band.

16. Transmit Noise: less than —50 dB across 600 ohm resistive load within the

frequency spectrum of 300 to 3000 Hz at maximum output

ouprwNE
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8.1.3 The Modem power requirements are as follows:
Input Voltages Maximum Current Consumption
+12 VDC 75 mA
-12VDC 75 mA
8.1.4 Indicators shall be provided on the front of the Modem to indicate Carrier Detect,

Transmit Data, and Receive Data.
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Chapter 8 -

SECTION 2 — RADIO MODEM REQUIREMENTS
General Requirements

A Radio Modem shall be a stand-alone, data transceiver capable of direct line-of-
sight, radio frequency (rf) transmission using spread spectrum technology compliant
with FCC part 15.

For purposes of use with Model 170E microprocessor traffic signal controllers, a
Radio Modem shall include the transceiver, antenna, in-line lightning arrestor (if
required), power supply, and all cable and mounting hardware necessary for fulfilling
the intended use stated herein and in applicable portions of Chapter 1 (including
Section 8 testing requirements).

Physical properties

Exterior dimensions excluding antenna and power supply shall not exceed 1.97” H x
4.72" W x 5.12" D (50 mm x 120 mm x 130 mm)

Unit weight shall not exceed 0.5 kg.

The power supply shall not exceed 1.97” (50 mm) on any dimension and shall be of
the type that plugs directly into an available duplex receptacle located in the
controller cabinet.

Battery backup is not required, however any features stored in software shall be
retained for no less than 30 days.

The antenna shall not exceed 4.72” (120 mm) in length if housed within the
controller cabinet. The use of an external antenna is conditional, and if approved
requires an in-line lightning arrestor suitable for the frequency in use. Such lightning
arrestors shall be mounted external to the traffic signal controller cabinet. Lightning
arrestors for pole-mounted antennas shall be connected to a ground rod at the pole
base.

Data transmission requirements between Model 170E controller and radio
modem

Baud Rate Asynchronous shall be selectable within the range of 1.2 to 38.4 Kbps
using a standard EIA-232C (DB9F) serial data interface.

Transmission delay shall be less than or equal to 12 ms.

Signal acquisition time at the receiver shall be less than or equal to 8 ms.
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Chapter 8 -

Performance Requirements

The radio modem and supporting peripherals shall provide a signal strength at the
receiving end of not less than -70db with a bit error rate (BER) less than 10°°.

The radio modem must communicate or interface with all other equipment.

Indicators: The radio modem unit shall provide indicators showing power on (PWR),
transmitted rf data, and received rf data.

Types: Radio modems may be either transparent (emulating an EIA-232 cable to a
distant device) or packet. The allowable frequency ranges for either type shall be
915 + 15 MHz or 2.44 + 0.04 Ghz.

Power: The radio modem shall operate from 120 VAC (available in the traffic signal

controller cabinet) and must provide conversion to the proper radio modem
operating voltage. Spurious output shall meet the requirements of FCC Part 15.
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SPECIFICATIONS FOR MODEL 2070 CONTROLLER UNIT
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SPECIFICATION FOR MODEL 2070
PERIPHERAL EQUIPMENT
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CHAPTER 11

SPECIFICATIONS FOR MODEL 170ATC CONTROLLER UNIT,
MODEL 170ATC-1 ENGINE BOARD MODULE,
MODEL 170ATC-2 INTERFACE MODULE,

MODEL 170ATC-3 FRONT PANEL ASSEMBLY,
MODEL 170ATC-4 UNIT POWER SUPPLY
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SECTION 1 - MODEL 170ATC CONTROLLER UNIT REQUIREMENTS

Unit Composition
The Model 170ATC Controller Unit shall consist of the following components:

Unit Chassis Communications System Interface (per Model 170E)

Connectors C1S, C2S, C20S, C30S, C40S, and T-1 Engine Board Module (Model
170ATC-1) with MC68360 microcomputer

Interface Module (Model 170ATC-2) with Field I/O controller

Input/output Interface (per Model 170E)

Front Panel Assembly (Model 170ATC-3)

Unit Power Supply with external power connection (Model 170ATC-4)

Model 400 Modem

The composition weight shall not exceed 11.5 kg.
Unit Chassis

The controller shall be housed in a compact, portable, metal enclosure suitably
protected against corrosion. The controller unit shall mount in a standard EIA 483
mm rack. The enclosure shall be designed for convenient removal of PCBs without
use of tools.

The Chassis Enclosure, Internal Structure Supports, Back Plane Mounting Surface,
Module Plates, Cover Plates, Power Supply Enclosure, and Front Panel shall be
made of 1.52 mm minimum Aluminum Sheet.

Special Connector Requirements - Daughterboard

The daughterboard shall intermate with the motherboard through the Motherboard
Connector, JP1. The daughterboard shall also contain connectors, which will accept
the Input and Output Modules, and the Front Panel connector, JP2. The 104 pin
C1S connector shall also be mounted on the daughterboard. The C1S pin
assignments are identified in Figure 17.

Input/Output Interface

Input/Output interface shall utilize a ground true Logic. The transfer of data between
interface and working registers within the MPU shall be in 8-bit word increments,
minimum. The steering of data from inputs or outputs for a given address shall be
controlled by the state of MPU read/write command at the time the given address is
valid.
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11.1.5.2

Output Interface: The output interface shall consist of a minimum of 80 bits of
buffered storage. Output data shall be latched at the time of writing from the MPU.
This interface shall provide an NPN open collector output capable of driving up to 40
VDC and sinking up to 100 mA. A “1" from the MPU shall be presented as a
grounded collector, and a “0” presented as an open circuit. Once a port is written
into, the data shall remain present and stable until either another word is written into
it or until the power is turned off. The state of these output ports at the time of power
up or below power failure threshold shall be an open circuit.

Input Interface: The input interface shall consist of a minimum of 64 bits of gated
inputs from external devices. Each Logic level input shall be turned ON (true) when
the input voltage is less than 3.5 VDC; shall be turned OFF (false) when the input
current is less than 100 pA or the input voltage exceeds 8.5 VDC; shall pull up to 12
VDC; and shall not deliver in excess of 20 mA to a short circuit to Logic level
common. When the appropriate input address is impressed upon the input interface,
the interface shall place its data on the data bus, which will be read by the MPU.
Ground on any input shall be interpreted by the MPU as a “1” and an open on any
input or the presence of a voltage greater than 8.5 VDC shall be interpreted as a “0”
by the MPU when that input is read.

Communication System Interface
The communication system shall consist of the following:

CPU

ACIAs

Motherboard and daughterboard connectors and lines

Modem Module Connectors MC1, MC2, MC3 and MC4

Interface between ACIA and Modem

Interface between both the Modem and ACIA to C2S, C20S, C30S, C40S
Connector T-1 Terminal

NooahswhpE

The interface between the ACIA and Modem shall comply with EIA-232-C.

Standards and all functions under T-1, C2S, C20S, C30S, and C40S Connectors
shall be referenced to the ACIA.

AUDIO IN and AUDIO OUT shall be referenced to the Modem.

The RTS and TX data lines to the Modem shall have MARK and SPACE voltages of
—12 and 12 VDC respectively.

Two of the four modem slots shall be capable of supporting dual modem devices.
When facing the controller front with the door open, the first and third slots from the
right side of the controller shall be designated as dual modem slots. When dual
modem devices are used, slots 2 and 4 cannot be used without conflict. A schematic
diagram is provided in Drawing Number 16.
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C20S, C30S, and C40S Connectors shall meet the requirements for the C2
Connector.

Five baud rate frequencies, 19.2 kHz (1.2 KBps), 38.4 kHz (2.4 KBps), 76.8 kHz (4.8
KBps), 153.6 kHz (9.6 KBps) and 307.2 kHz (19.2 KBps) shall be provided at the
ACIA Rx/Tx Clock Inputs (pins 3 & 4). Each ACIA shall have independent baud rate
selection available in software.

Communication from the user to the engine board shall be through SP4 (C50S
connector) accessible on the FPA that shall support a baud rate of 38.4 KBps.

Electrical Requirements
The front panel and chassis shall be connected to EG.

A surge arrestor shall be provided between the AC+ and AC- for protection against
power line noise transients. The surge arrestor shall meet the following
requirements:

Recurrent peak voltage: 212 volts

Energy rating, maximum: 20 Joules

Power dissipation, average: 0.85 watt
Peak current for pulses less than 6 uS: 2,000 amperes
Standby currents: Less than 1 mA

Two 0.5 ohm, 10 watt wire-wound power resistors with a 0.2 pH inductance shall be
provided (1 on the AC+ power line and 1 on the AC- line). Three surge arrestors
rated for 20 Joules shall be supplied between AC+ and ground, AC- and ground,
and between AC+ and AC-. A 0.68 pF capacitor shall be added between AC+ and
AC- coming off the 0.5 ohm resistor.

The AC power to the controller unit shall be supplied by a 3-conductor cable at least
1 min length. The cable shall terminate in a NEMA Type 5-15P grounding-type plug.

Test points shall be provided for monitoring all power supply voltages. All test points
shall be readily accessible when the front panel is opened. Any provided test point
shall be isolated such that attaching a test probe shall not impact the operation of
the controller unit. The test points shall be post type, 1.6 mm diameter and 5 mm
high, minimum. The clearance between test points and other components shall be
6.5 mm, minimum.
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SECTION 2 - MODEL 170ATC-1 ENGINE BOARD MODULE

Engine Board Module

The Engine Board Module shall utilize the Motorola MC68360 microcomputer,
clocked at 24.576 MHz minimum. The Fast IRQ Service System is reserved for
State use only. The Interrupts shall be configured as follows:

Level 7 - IRQ7, ACFAIL

Level 6 - IRQ6

Level 5 - IRQ5, CPU Module Counters / Timers, LINESYNC
(auto vectored), Serial Interface Interrupts

Level 4 - IRQ4
Level 3-1RQ3
Level 2 - IRQ2
Level 1 -1RQ1

Memory Address Organization
8000 0000 - 80FF FFFF Standard
9000 0000 - 9000 FFFFShort

Sixteen megabytes of contiguous address space for each specified memory (DRAM,
SRAM and FLASH) shall be allocated on an even boundary. A complete system
memory map shall be developed by the manufacturer and provided with the
documentation. (See also 11.2.2.1 - Operating System.)

When the incoming +5 VDC falls below its operating level, the SRAM shall drop to
its standby state; and the SRAM and TOD Clock shall shift to the +5 VDC Standby
Power. An on-board circuit shall sense the +5 VDC Standby Power and shift to an
on-board CPU power source. The CPU on-board power shall be capable of holding
the SRAM and TOD Clock up for 30 days. When the incoming +5 VDC rises to
within its operating level, the Engine Board Module Circuitry shall shift from standby
power to incoming +5 VDC.

Ram Memory
A minimum of 4 MB of DRAM, organized in 32 bit words shall be provided.
A minimum of 512 KB of SRAM, organized in 16 or 32 bit words shall be provided.

The SRAM shall draw no more than 50 pA at +5 VDC in standby mode.
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11.2.1.54

11.2.1.6

11.21.6.1

11.2.1.6.2

11.2.1.6.3

11.2.1.7

11.21.7.1

11.2.1.7.2

11.2.1.7.3

11.2.1.8

11.2.1.8.1

11.2.1.9

11.2.1.10

11.2.1.11

The time from the presentation of valid RAM address, select lines, and data lines to
the RAM device - to the acceptance of data by the RAM device - shall not exceed
80 ns. This time shall also be less as required to fulfill "zero wait state RAM device
write access" under all operational conditions.

Flash Memory

A minimum of 4 MB of FLASH Memory, organized in 16 or 32 bit words, shall be
provided.

The Engine Board Module shall be equipped with all necessary circuitry for writing to
the FLASH Memory under program control.

No more than 1 MB of FLASH Memory shall be used for Boot Image (List) and a
minimum of 3 MB shall be available for State use.

Time-of-Day Clock
A software settable hardware Time of Day (TOD) clock shall be provided.

Under standby power, the Time of Day Clock shall operate for a minimum of 30
days, while maintaining an accuracy of + 1 minute per 30 days at 25 degrees C.

The clock shall be aligned to a minimum fractional second resolution of 10 ms, and
shall track fractional seconds, minutes, hours, day of month, month and year.

A software - driven CPU RESET signal (Active LOW) shall be provided to Reset
other controller systems.

The signal output shall be driver capable of sinking 30 mA at 30 VDC. Execution of
the program module “CPURESET", in the boot image shall assert the CPU RESET
signal once.

CPU Activity Indicator — An open-collector output, capable of sinking 30 mA at
30 VDC, shall be provided to drive the Front Panel Assembly CPU Activity Indicator

The Engine Board Module shall have two connectors containing 50 pins each and be
equal to Samtec SSW-125-01-G-D. The dimensions of the Engine Board Module
and connector layout shall be as shown in Drawing Number 15 in Appendix C.

The pin listing for this connector shall be as defined in Table B-4 “Engine Board
Module Pin Listing”.
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11.2.1.12

11.2.1.13

11.2.1.14

11.2.1.15

11.2.1.16

11.2.1.17

11.2.1.18

11.2.1.19

11.2.1.20

11.2.1.21

The Engine Board Module shall support serial communication facilities utilizing
SCC3 and SCC4 (serial port SP5 and serial port SP3 respectively).

Serial port SP5 and SP3 from the Engine Board Module shall intermate with
connector C12S located on the front panel of the controller unit.

Each Serial Port with LINESYNC shall be isolated and meet EIA-485 requirements
for external drivers/receivers.

SCCA4 (serial port SP3 of the Engine Board Module) shall also be jumper selectable
(at JH10 located on the Front Panel printed circuit board, hinge side) and routed to
connector C40 on the rear panel as an EIA-232 port or to C12S on the front panel
as an EIA-485 port.

Connector C12S shall be a DB-25, EIA-485 terminating plug (See Table B-5).
Within the terminating plug, the Rx Data and Clock positive and negative signal
lines shall be terminated through a 120-ohm, 5% resistor.

A dual auxiliary SCC Device (async/synch) and associated circuitry shall be
furnished to provide two additional system serial ports.

The auxiliary SCC1 shall be assigned to the System Serial Port SP1 and be
serially connected externally via the C2S Connector located on the rear panel of
the controller unit.

The auxiliary SCC2 shall be assigned as System Serial Port SP8. The SP8 and
associated circuitry shall interface with the MC68360 address and data structure
and be serially connected externally via the C30S Connector located on the rear
panel of the controller unit.

The 68360 SCC1 shall be assigned to ETHERNET (ENET) Network meeting
ETHERNET 10 MBPS IEEE 802-3 (TP) 10 BASE T Standard Requirements, both
hardware and software. DC Grounding plane around the network connectors and
lines shall be provided. Network Lines shall be assigned as:

Network 1 = ENET TX+
Network 2 = ENET TX-
Network 3 = ENET RX+
Network 4 = ENET RX-

The conditioned ETHERNET shall also be brought out on RJ 45 C14S Connector
mounted on the Controller Front Panel (See Table B-6).
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11.2.2

11.2.2.1

112211

11.2.2.1.2

11.2.2.1.3

11.2.21.4

11.2.2.2

11.2.22.1

Engine Board Module Software

Operating System
Drivers and Descriptors
Application Kernel
Error Handler
Validation Suite
Deliverables

oUhwhE

Operating System:

The Engine Board Module, when required by special provision, shall be supplied with
Microware Embedded OS-9 Version 3.03 software and the following additional
software:

Embedded OS-9 Real Time Kernel

Sequential Character File Manager (SCFMAN)
Sequential Protocol File Manager (SPFMAN)
Pipe File Manager (PIPEMAN)

Random Block File Manager (RBFMAN)

C Input Output Library (CIO)

oUhwhE

Boot Image shall include the following utility modules:

break data deiniz devs free copy
dir tmode edt list load deldir
dump del ident iniz irgs events
echo kill dcheck cio link kermit
Imm mdir mfree pd makdir save
attr rename procs unlink sleep xmode
shell build setime

The OS-9 Operating System TICK Timer shall be derived from the edge transition of
LINESYNC with a tick rate of 120 ticks per second.

The SRAM and FLASH memories shall be accessed through the OS-9 Operating
System’s RBF Manager. The address of each memory block shall be specified by
the manufacturer and provided with the documentation.

Drivers and Descriptors

Supplied modules shall be re-entrant, address independent, and shall not contain
self-modifying code.
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11.2.2.2.2 Drivers shall be provided to access the FLASH, SRAM, and DRAM memories
through RBFMAN. The following RBFMAN descriptors shall apply:

/d0  Floppy Diskette Drive Reserved name, no driver required.

/f0 FLASH Drive Accessed as RAM disk, and OS9 /dd default
device

/hO Hard Disk Drive Reserved name, no drive required.

/rO  SRAM Drive Accessed as RAM disk.

Irl Reserved name, no driver required.

/r2  Temporary DRAM Drive Allows 1 MB DRAM, accessed as RAM disk; not
initialized at boot time.

11.2.2.2.3 A driver to handle each of the four internal timers under the OS-9 Kernel shall be
provided. Access to the MC68360 internal timers shall be through SCFMAN using
the following descriptors:

11.2.2.2.3.1 Descriptor names for each timer:

Timerl = access to MC68360's internal timer #1
Timer2 = access to MC68360's internal timer #2
Timer3 = access to MC68360's internal timer #3
Timer4 = access to MC68360's internal timer #4
Timerl2 = access to MC68360's internal timer #1 and #2 [cascaded]
Timer34 = access to MC68360's internal timer #3 and #4 [cascaded]
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11.2.2.2.3.2 Timer descriptor option structure: The driver shall change appropriate timer
functions only and ignore values that do not apply to a particular timer function.
The data structure is as follows:

typedef struct {
/I Timer Global Configuration Register Related Options:

rserveTGCR: 11; (MSB)
timerCAS: 1; // Cascade timers
timerFRZ: 1; /I Freeze
timerSTP: 1; /I Stop timer
timerRST: 1; // Reset timer
timerGM: 1; /I Gate mode default =0 (LSB)

/I Timer Mode Register Related Options:

timerPS: 8; /Il Prescale value default = 0 (MSB)
timerCE: 2; /] Capture edge and default = 0
enable interrupts
timerOM: 1; // Output mode default = 0
timerORI: 1; // Output reference default = 0
interrupt enable
timerFRR: 1; // Free Run or Restart default =0
timerICLK: 2; Il Input Clock Source default =1
timerGE: 1; /I Gate Enable; default =0 (LSB)
/I Timer Reference Register
U_INT16 timerTRR default =0
/I Timer Capture Register
U_INT16 timerTCR default = OXFFFF
/I Timer Event Register
reserveTER: 14; // Reserve (MSB)
timerREF: 1; // Output reference event default=1
timerCAP: 1; /I Capture event default =1 (LSB)

} TTimer_opts;
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11.2.2.2.3.3 Standard OS-9 SCFMAN Function Calls:

error_code
error_code
error_code
error_code
error_code
error_code

_0s_open (char *timer_desc_name, path_id *path);

_0s_close (path_id path);

_0s_gs_popt (path_id path, u_int32*sizeof(TTimer_opts), void *timer_opts);
_0s_ss_popt (path_id path, u_int32*sizeof(TTimer_opts), void *timer_opts);
_0s_write (path_id path, void *timer_value, 4);

_0s_read (path_id path, void *timer_value, 4)

11.2.2.2.3.4 The OS-9 SCFMAN shall provide access to the datakey and its control through the
following descriptor name and OS-9 functions:

Descriptor name:
datakey = Interface Module Datakey

Function Calls:
error_code_os_open(char*datakey_desc_name, path_id*path);
error_code=E$NotRdy if Datakey is not installed
error_code_os_read(path_id_path, void*control,128);
error_code=E$NotRdy if Datakey is not inserted
error_code_os_close(path_id path);

11.2.2.2.3.5 The async-communications serial device driver shall operate in six modes
described below to accommodate communications network (EIA 232) and their
associated flow control mode number (FCM #).

FCM#

0)

1)

2)

Description

No Flow Control Mode: The CTS and CD signals are set asserted
internally, so the serial device driver can receive data at all times. Upon a
write command, the serial device driver asserts RTS to start data
transmission, and de-asserts RTS when data transmission is completed.
This is the default mode for the 170ATC controller. When user programs
issue the first RTS related command, the driver switches to Manual Flow
Control Mode.

Manual Flow Control Mode: serial device driver transmits and receives data
regardless the states of RTS, CTS, and CD. The user program has
absolute control of the state of RTS and can inquire of the states of CTS
and CD. The states of CTS and CD are set externally by a DCE. The
device driver doesn't assert or de-assert the RTS.

Auto-CTS Flow Control Mode: The serial device driver transmits data when
CTS is asserted. The state of CTS is controlled externally by a DCE. The
user program has absolute control of the state of the RTS. The CD signal
IS set asserted internally. The device driver doesn’t assert or de-assert the
RTS.
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3) Auto-RTS Flow Control Mode: The CTS and CD signals are set asserted
internally, so the serial device driver can receive and transmit data at all
time. Upon a write command, the serial device driver asserts RTS to start
data transmission, and de-asserts RTS when data transmission is
completed. If user program asserts the RTS, RTS remains to be on until
user program de-asserts RTS. If user program de-asserts RTS before the
transmitting buffer is empty, the driver holds RTS on until the transmitting
buffer is empty. Parameters related to delays of the RTS turn-off after last
character are user configurable.

4) Fully Automatic Flow Control Mode: The serial device driver receives data
when CD is asserted. Upon a write command, the serial device driver
asserts RTS and wait for CTS, starts data transmission when CTS is
asserted, and de-asserts RTS when data transmission is completed.
Parameters related to delays of RTS turn-off after last character are user
configurable. If user program asserts the RTS, RTS remains to be on until
user program de-asserts RTS. If user program de-asserts RTS before the
transmitting buffer is empty, the driver holds RTS on until the transmitting
buffer is empty.

5) Dynamic Flow Control Mode: The Serial device driver maintains a transmit
buffer and a receive buffer with fixed sizes, controls the state of RTS and
monitors the state of CTS. The transmission and reception of data are
managed automatically by the serial device driver. The serial device driver
transmits data when CTS is asserted. The serial device driver asserts RTS
when its receiving buffer is filled below certain level (low watermark), and
de-asserts RTS when its receiving buffer is filled above certain level (high
watermark).
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11.2.2.2.3.6 The serial device driver shall be able to accept user configuration commands to
configure the device driver via OS9_os_ss_size() function call and to accept user
request commands for status of serial port from the device driver via
OS9_os_gs_size() function call.

The single 32-bit variable passed by _os_ss_size() is defined as follow:

a)

Bits
31-24

23-16
15
14-13
12

11
10-8
7-0

Note:

b)
Bits
31-22
21-12
10
9-8

Note:

Flow Control Code is SS_OFC (0x23):

Description

Auto RTS turn-off extension count in number of characters (range=0-255
1=default).

Reserved

Auto RTS turn-off extension timing (O=bps, 1=equivalent 1200 bps).
Reserve for Future Use (default=0).

Inhibit Change of SCC MRBLR for opened path (default =0;
0=NO; 1=inhibit).

Inhibit SCC TODR for opened path (default=0; 0=NO; 1=inhibit).
Flow Control Mode Number (FCM#) (range=0-5).

Flow Control Code (FCC) =0x23

The RTS turn-off extension can represent a bps rate independent time
value rather a number of character times, (higher bps rates are
normalized to equivalent 1200 bps characters) when selected by bit
15=1. Thus, a value of 4 represents the time of four characters at 1200
bps even when the actual rate is 9600. If bit 15=0, then an extension
value = 4 represents 4 characters, which at a bps rate of 9600 would
extend the RTS by approximately 3.3 ms.

Flow Control Code is SS_IFC (0x22):

Description

Flow Control Mode 5 high water mark value (range=1-1023; default=256).
Flow Control Mode 5 low water mark value (range=1-1023; default=256).

Inhibit DCD activating control (default=0; 0=off; 1=0n).

DCD flow control is active (default=0; 0=NO; 1=YES, changed by FCM#).
Reserved for Future Use (default=0).

Flow Control Code (FCC) = 0X22.

The inhibit DCD selection has priority over the DCD ON request in the
same access. Therefore, sending 0x0000022 results in DCD inhibit and
DCD Flow Control inactive for all Flow Modes. A new flow control mode
number shall set DCD function to that required in the new mode unless
DCD inhibit is ON.
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c) Flow Control Code is SS-Ssig (0Ox1a):

Bits Description

31-16 A signal number to be sent to calling process when the state of a pin is
changed.

15-14  Reserved for Future Use (default=0).

13 Ring is asserted (capable hardware only).

12 CTS is de-asserted.

11 CTS is asserted.

10-8 Reserved for Future Use (default=0).
7-0 Flow Control Code (FCC) = Ox1a.

d) Flow Control Code is SS-DCmd (0x0d):

Bits Description

31-15 Reserved for Future Use (default=0).

14 De-assert DTR (capable hardware only).

13 Assert DTR (capable hardware only).

12 De-assert RTS (duplicated function with_os_ss_DsRTS();).
11 Assert RTS (duplicated function with_os_ss_EnRTS();).

10-8 Reserved for Future Use (default=0).
7-0 Flow Control Code (FCC)=0x0d.

11.2.2.2.3.7 The single 32-bit variable returned by _os_gs_size() is defined as follows:

Bits Description
31-16  Current unfilled transmit buffer character count of the serial device
driver.

15-11  Reserved for Future Use (default=0).

10-8 Current Flow Control Mode Number (FCM#).

Reserved for Future Used (default=0).

Overrun error — 0=no error; 1=error on last received character.
Frame error — 0=no error; 1=error on last received character.
Parity error — 0=no error; 1=error on last received character.

Ring state — O=de-asserted; 1=asserted (capable hardware only).
DSR state — O=de-asserted; 1=asserted (capable hardware only).
DCD state — O=de-asserted; 1=asserted.

CTS state — O=de-asserted; 1=asserted.

OFRPNWMAUIITON

11.2.2.2.3.8 Four input buffering modes shall be provided:

1. Line- characters are buffered up to and including a programmable
termination character.

2. Fixed - a fixed specified number of characters are buffered by the driver.

3. Timed - characters are buffered until a programmable inter-character time-out
occurs.

4. Raw - characters are unbuffered & delivered to the task as received.
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11.2.2.2.3.9 Line, Fixed, and Timed Modes shall be capable of being used together. Raw
mode shall disable all other buffering modes.

11.2.2.2.3.10 Device drivers compliant with the 0S-9 SCFMAN shall be provided for CPU
Activity LED Indicator and Day Light Savings time correction features. The
descriptor names shall be as follows:

led
dstclock

access to CPU Activity LED Indicator
access to Daylight Savings Time Clock correction

The standard OS-9 SCFMAN library calls and their functions are as follows:

error_code _os_open (char *desc_name, path_id *path); //open descriptor for command
error_code _os_close (path_id path); //close descriptor
error_code _os_write (path_id path, void *value, 1); //set value or function
*value = 1, turn led on or turn DLSclock feature on (default)
*value = 0, turn led off or turn DLSclock feature off
error_code _os_read (path_id path, void *value, 1); /[get current state

11.2.2.2.3.11 Time of Day (TOD) Clock -The OS-9 operating system’s TOD Clock shall be
driven by the LINESYNC derived OS-9 Operating System TICK Timer. The
manufacturer shall provide the following features to support the TOD operation
and synchronization.

11.2.2.2.3.11.1 Leap Year and Daylight Savings Time (DST) Adjustments - The OS-9 System
clock/calendar shall automatically be adjusted to account for DST and leap
years, tracking years 1997 through 2017. A SCFMAN driver shall be provided
to enable/disable the automatic DST adjustment.

11.2.2.2.3.11.2 Setting Hardware Clock from OS-9 System Clock - A device driver compatible
with the 0OS-9 SCFMAN shall be provided to allow the hardware TOD
clock/calendar to be updated from the OS-9 system clock under application
control. The descriptor name shall be “ClockUpdate.” Opening the descriptor
shall cause the driver to synchronize the clock to a minimum of 10 ms
resolution. The driver shall compensate for any time elapsed during the
process of updating the hardware clock.

11.2.2.2.3.11.3 Setting 0OS-9 System Clock from Hardware Clock - At system power up, the
0S-9 system TOD clock/calendar shall automatically be updated from the
hardware TOD clock. The clocks shall by synchronized to a minimum of 10 ms
resolution.
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