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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of
persons engaged in the development and approval of the document at the time it was
developed. Consensus does not necessarily mean that there is unanimous agreement
among every person participating in the development of this document.

The National Electrical Manufacturers Association (NEMA) standards and guideline
publications, of which the document contained herein is one, are developed through a
voluntary consensus standards development process. This process brings together
volunteers and/or seeks out the views of persons who have an interest in the topic covered
by this publication. While NEMA administers the process and establishes rules to promote
fairness in the development of consensus, it does not write the document and it does not
independently test, evaluate, or verify the accuracy or completeness of any information or
the soundness of any judgments contained in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature
whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, application, or reliance on this document.
NEMA disclaims and makes no guaranty or warranty, express or implied, as to the
accuracy or completeness of any information published herein, and disclaims and makes
no warranty that the information in this document will fulfill any of your particular purposes
or needs. NEMA does not undertake to guarantee the performance of any individual
manufacturer or seller's products or services by virtue of this standard or guide.

In publishing and making this document avzailable, NEMA is not undertaking to render
professional or other services for or on behalf of any perscn or entity, nor is NEMA
undertaking to perform any duty owed by any person or entity to someone else. Anyone
using this document should rely on his or her own independent judgment or, as
appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances. Information and other standards on the topic
covered by this publication may be available from other sources, which the user may wish
to consult for additional views or information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the
contents of this document. NEMA does not certify, test, or inspecl products, designs, or
installations for safety or health purposes. Any certification or other statement of
compliance with any health or safety—related information in this document shall not be
attributable to NEMA and is solely the responsibility of the certifier or maker of the
statement.
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Foreword

These standards define traffic signalling equipment that can be safely installed to render the intended
functions.

Properly manufactured traffic control systems are, however, only one factor in minimizing potential
hazards that may be associated with the use of electricity. The reduction of hazard involves the joint
efforts of the various equipmment manufacturers, the system designer, the installer, and the user. Infor-
mation provided herein is intended to assist users and others in the selection of traffic signalling equip-
ment that will meet their technical needs.

This publication has, therefore, been promulgated with a view towards reducing the hazard to persons
and property when traffic signalling equipments conforming with these standards are properly selected
and installed.

Comments and suggestions for the improvement of this document will be welcomed. They should be
sent to:

Manager, Engineering Department

National Electrical Manufacturers Association
2101 L Street, N.W.

Washington, DC 20037



Scope

This Standards Publication covers widely used traffic signalling systems that are used to facilitate and
expedite the safe flow of pedestrian and vehicular traffic. The standards reflect study of inputs from
traffic engineers and installers of traffic signalling equipment and professional organizations in the field
of traffic conirol.

This publication supersedes TS 1-1983, Traffic Control Systems, and its revisions.



TS 1-1989
Page 1

Section 1
DEFINITIONS

The words and phrases defined in the following sections shall, for the purpose of these standards, have the meanings

ascribed to them herein.

These definitions reflect the consensus of the traffic control equipment industry as represented by NEMA and are
intended to be in harmony with terminology in current usage, such as is published in the “Manual on Uniform Traffic
Control Devices” and various technical reports of the Institute of Transportation Engineers’.

1.1 CONTROL EQUIPMENT
1.1.1 Auxiliary Equipment

Separate devices used to add supplementary features
to a controller assembly.
NEMA Standard 11-6-1975.

1.1.2 Barrier
See 14.1.2.

1.1.3 Cabinet

An outdoor enclosure for housing the controller unit
and associated equipment.
NEMA Standard 11-6-1975.

1.1.4 Call

A registration of a demand for right-of-way by traffic
at a controller unit.

1.1.41 SenviceasLe ConFLicTING CaLL

A call which:

1. Occurs on a conflicting phase not having the
right-of-way at the time the call is placed.

2. Occurs on a conflicting phase which is capable of
responding to a call.

3. When occurring on a conflicting phase operating
in an occupancy mode, remains present until given its
right-of-way.

NEMA Standard 11-6-1975.

1.1.5 Check

An outgoing circuit that indicates the existence of
unanswered call,

NEMA Standard 11-6-1975.

1.1.6 Controller Assembly

A complete electrical mechanism mounted in a cabinet
for controlling the operation of a traffic control signal.
1.1.6.1 FrLasHeR CONTROLLER ASSEMBLY

A complete electrical mechanism for flashing a traffic
signal or beacon.

* Institute of Transportation Engineers, 525 School Strect, S.W., _

Washington, D.C. 20024.

NEMA Standard 11-6-1975,
1.1.6.2 FuLL-TRAFFIC-ACTUATED CONTROLLER As-
SEMBLY

A type of traffic-actuated controller assembly in which
means are provided for traffic actuation on all approaches
to the intersection.
1.1.6.3

A controller assembly for operating traffic signals not
under master supervision.

1.1.6.4 MasTer CoNTROLLER ASSEMBLY

A controller assembly for supervising a system of
secondary controller assemblies.

IsoLaTED CONTROLLER ASSEMBLY

1.1.6.5 MasTeR-secoNDARY CONTROLLER ASSEM-
BLY :

A controller assembly operating traffic signals and
providing supervision of other secondary controller as-
semblies.

1.1.6.6 Occuprancy ConTROLLER ASSEMBLY (LANE-
occurANCY CONTROLLER OR DEMAND CON-
TROLLER, AND PRESENCE CONTROLLER)

A traffic-actuated controller which responds to the
presence of vehicles within an extended zone of detec-
tion.

1.1.6.7 PEDESTRIAN-ACTUATED CONTROLLER As-
SEMBLY

A controller assembly in which intervals, such as
pedestrian WALK and clearance intervals, can be added
to or included in the controller cycle by the actuation of a
pedestrian detector.

1.1.6.8 PReTIMED CONTROLLER ASSEMBLY

A controller assembly for the operation of traffic sig-
nals with predetermined:

1. Fixed cycle length(s).

2. Fixed interval duration(s).

3. Interval sequence(s).

1.1.6.9 SeconpaRY CONTROLLER ASSEMBLY
(SLave)

A controller assembly which operates traffic signals
under the supervision of a master controller assembly.
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1.1.6.10 SEMI-TRAFFIC-ACTUATED CONTROLLER As-
SEMBLY

A type of traffic-actuated controller assembly in which
means are provided for traffic actuation on one or more
but not all approaches to the intersection.

1.1.6.11 TraAFFIC-ACTUATED CONTROLLER ASSEM-
BLY

A controller assembly for supervising the operation of
traffic control signals in accordance with the varying
demands of traffic as registered with the controller by
detectors.

NEMA Standard 11-6-1975.

1.1.7 Controller Unit (Dispatcher or Timer)

A controller unit is that portion of a controller assem-
bly that is devoted to the selection and timing of signal
displays.

1.1.72.1 DiarraL ConTROLLER UNIT

A controller unit wherein timing is based upon a
defined ‘requency source such as a 60-hertz alternating
current source. (See 1.1.43.3)

1.1.7.2 Dual-riNnG CONTROLLER UNIT
See 14.1.3.1.

1.1.7.3 Mmor MoveMenT CONTROLLER UNIT

A device that can be added to a controller assembly to
provide subordinate phase timing.

1.1.7.4 SiNGLE-RING CONTROLLER UNIT
See 14.1.3.2.

1.1.7.8 SvyncHRONOUS CONTROLLER UNiT

A controller unit in which the -iming mechanism is
controlled by and depencdent on a suitable frequency
standard such as the frequency of tae alternating-current
source.

1.1.7.6 SvNcHRONOUS-MOTOR CONTROLLER UNIT
A controller unit operated by z synchronous motor
which maintains a constant speed determined by the

frequency of the power supply circuit.
NEMA Standard 4-7-1983.

1.18 Coordinator
A device used to relate the timing of one controller

unit to others. (See 1.1.26)
NEMA Standard 11-6-1975.

1.1.9 Cycle

In a pretimed controller unit, a complete sequence of
signal indication. In an actuated controller unit, a com-
plete cycle is dependent on the presence of calls on all

phases.

1.1.9.1 CvcLE LEnGTH

The time period in seconds required for one complete
cycle. -
NEMA Standard 11-6-1975.

1.1.10 Density

A measure of the concentration of vehicles, stated as
the number of vehicles per mile per lane.
NEMA Standard 11-6-1878.

1.1.11 Detector
See 1.2.6.

1.1.12 Device

1.1.12.1 ELecTroMECHANICAL Device

A device which is characterized by electrical circuits
utilizing relays, step switches, motors, etc.

1.1.12.2 EvLectronic Device

A device which is characterized by electrical circuits
utilizing vacuum tubes, resistors, capacitors, inductors
and which may include electromechanical and solid-state
devices.

1.1.123 Soup-stare Device

A device which is characterized by electrical circuits,
the active components of which are semi-conductors, to
the exclusion of electromechanical devices or tubes.

NEMA Standard 11-6-1975.

1.1.13 Dwell
See “rest”, 1.1.37,

1.1.14 Extension, Unit

The timing interval during the extensible portion
which is resettable by each detector actuation. The green
right-of-way of the phase may terminate on expiration of
the unit extension time. (See 1.1.21.1.)

NEMA Standard 11-6-1975,

1.1.15 Entry
See 14.1.4.



1.1.16 Flasher

A device used to open and close signal circuits at a
repetitive rate.
NEMA Standard 11-6-1975.

1.1.17 Force Off

A command that will force the termination of the
right-of-way.
NEMA Standard 11-6-1975.

1.1.18 Gap Reduction

A feature whereby the “unit extension” or allowed
time spacing between successive vehicle actuations on
the phase displaying the green in the extensible portion of
the interval is reduced.

NEMA Standard 11-6-1975.

1.1.19 Hold

A command that retains the existing right of way.
NEMA Standard 11-6-1975.

1.1.20 Interval

The part or parts of the signal cycle during which
signal indications do not change.

1.1.20.1 M:MMUM_GHEEN INTERVAL

The shortest green time of a phase. If a time setting
control in designated as ““minimum green”, the green
time shall be not less than that setting.

1.1.20.2 PepestrRIAN CLEARANGE INTERVAL

The first clearance interval following the pedestrian
WALK indication, normally flashing DON'T WALK.

1.1.20.3 Rep CLEARANCE INTERVAL

A clearance interval which may follow the yellow
interval during which both the terminating phase and the
next right-of-way phase display red.

1.1.20.4 Seaquence, INTERVAL

The order of appearance of signal indications during
successive intervals of a cycle.

1.1.20.5 YeLLow CHANGE INTERVAL

The first interval following the green right-of-way in-
terval in which the signal indication for that phase is
yellow,

NEMA Standard 11-8-1975,
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1.1.21 Limit
1.1.21.1 Exvension Limim

The maximum time of the extensible portion for which
actuations on any traffic phase may retain the right of
way after actuation on an opposing traffic phase.

1.1.21.2 Maximum LimiT

The maximum green time after an opposing actuation,
which may start in the initial portion.
NEMA Standard 11-6-1975.

1.1.22 Manual
1.1.22.1 ManuaL OPERATION

The operation of a controller assembly by means of a
hand-operated device(s). A pushbutton is an example of
such a device.

1.1.22.2 ManuaL PusHBUTTON

An auxiliary device for hand operation of a controller
assembly.
NEMA Standard 11-6-1975.

1.1.23 Memory
1.1.23.1 Derecror Memory

The retention of an actuation for future utilization by
the controller assembly

1.123.2 NonLockiNG MEMORY

A mode of actuated-controller-unit operation which
does not require detector memory.
MEMA Standard 11-8-1975.

1.1.24 Modular Design

A design concept such that functions are sectioned into
plug-in units which can be readily exchanged with simi-
lar units.

NEMA Standard 11-6-1975.

1.1.25 Monitor, Signal Conflict

A device used to continually check for the presence of
conflicting signal indications and to provide an output in
response to conflict.

NEMA Standard 11-6-1975.

1.1.26 Ofiset

Offset is the time relationship, expressed in seconds or
percent of cycle length, determined by the difference
between a defined interval portion of the coordinated
phase green and a system reference point.

NEMA Standard 11-6-1875.
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1.1.27 Omit, Phase (Special Skip, Force Skip)

A command that causes omissior: of a selected phase.
NEMA Standard 1°-6-1975.

1.1.28 Overlap

A right-of-way indication that allows traffic movement
when the right of way is being assigned to two or more
traffic phases.

NEMA Standard 11-6-1975.

1.1.29 Passage Period

The time allowed for a vehicle to travel at a selected
speed from the detector to the nearest point of conflicting
traffic.

NEMA Standard 1°-6-1975.

1.1.30 Phase

1.1.30.1 ConrLicTING PHASES

Conflicting phases are two or more traffic phases
which will cause interfering traffic movements if oper-
ated concurrently.

1.1.30.2 NonNCONFLICTING PHASES

Nonconflicting phases are two or more traffic phases
which will not cause inte-fering traffic moverents if

operated concurrently.

1.1.30.3 PeDesSTRIAN PHASE

A traffic phase allocated to pedestrian traffic which
may provide a right-of-way pedestrian indicatioa either
concurrently with one or more vehicalar phases, or to the
exclusion of all vehicular phases.

1.1.30.4 PHase SEQUENCE

A predetermined order in which the phases of a cycle
occur,

11305 SuBORDINATE PHASE (MINOR PHASE)

* A traffic phase in which the right-of-way is dedendent
on the related operation (leading or lagging) of a specific
independent phase. A subordinate phase cannct occur
independently of its associated phase (parent phase).

1.1.30.6 TrAFFiC PHASE

Those right-of-way, change and clearance intervals in
a cycle assigned to any independent movement(s) of
traffic.

1.1.30.7 VEHICULAR PHASE

A vehicular phase is a phase which is allocated to
vehicular traffic movement as timed by the controller
unit.

NEMA Standard 11-6-1975.

1.1.31 Portion

1.1.31.1 ExTENSIBLE PORTION

That portion of the green interval of an actuated phase
following the initial portion which may be extended, for
example, by traffic actuation.

1.1.31.2 InimiaL PORTION

The first timed portion of the green interval in an
actuated controller unit:

1. Fixed Initial Portion-——A preset initial portion that
does not change.

2. Computed Initial Portion—An initial portion
which is traffic adjusted.

3. Maximum Initial Portion—The limit of the com-
puted initial portion.

4. Minimum Initial Portion—(See *‘Fixed Initial
Portion.”)

5. Added Initial Portion—An increment of time
added to the minimum initial portion in response
to vehicle actuations.

1.1.31.3 InTERVAL PORTION

A discrete subdivision of an interval during which the
signals do not change.
NEMA Standard 11-6-1975.

1.1.32 Preemption

The transfer of the normal control of signals to a
special signal control mode.
NEMA Standard 11-6-1975.

1.1.33 Preemptor, Traffic Controller

A device which provides preemption.
NEMA Standard 11-6-1975.

1.1.34 Preferred Sequence
See 14.1.7

1.1.35 Priority-traffic Phase Selection

A means by which, upon demand from priority traffic,
the right-of-way for such traffic is obtained or modified.
NEMA Standard 11-6-1975.



1.1.36 Red Indication, Minimum (Red Revert)

Provision within the controller unit to assure a mini-
mum RED signal indication in a phase following the
YELLOW CHANGE interval of that phase.

NEMA Standard 11-6-1975.

1.1.37 Rest

The interval portion of a phase when present timing
requirements have been completed.
NEMA Standard 11-6-1975.

1.1.38 Ring
See 14.1.1.

1.1.39 Split
A division of the cycle length allocated to each of the
various phases (normally expressed in percent).
NEMA Standard 11-6-1975.

1.1.40 Suppressor, Radlo Interference

A device inserted in the power line in the controller
assembly (cabinet) that minimizes the radio interference
transmitted back into the power supply line, which inter-
ference may be generated by the controller or other
mechanisms in the cabinet.

NEMA Standard 11-6-1975.

1.1.41 Switch

1.1.41.1 AutomanuaL SwiTcH

A device which, when operated, discontinues normal
signal operation and permits manual operation.

1.1.41.2 FrasH ConTtROL SWITCH

A device which, when operated, discontinues normal
signal operation and causes the flashing of any predeter-
mined combination of signal indications.

1.1.41.3 Power LINE SwitcH (DisconNECT
SWITCH)

A manual switch for disconnecting power to the con-
troller assembly and traffic control signals.

1.1.41.4 RecaLL SwitcH

A manual switch which causes the automatic return of
the right-of-way to its associated phase.

1.1.41.5 SianaL Loap SwiTcH
A device used to switch power to the signal lamps.

TS 1-1989
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1.1.41.6 SiGNAL SHUT-DOWN SwiTCH

A manual switch to discontinue the operation of traffic
control signals without affecting the power supply to
other components in the controller cabinet.

1.1.41.7 TwE SwitcH

A device for the automatic selection of modes of oper-
ation of traffic signals in a manner prescribed by a
predetermined time schedule.

NEMA Standard 11-6-1975.

1.1.42 Terminals, Field

Devices for connecting wires entering the controller

assembly.
NEMA Standard 11-68-1975.

1.1.43 Timing
1.1.43.1 AnaLog TIMING

Pertaining to a method of timing that measures contin-
uous variables, such as voltage or current.

1.1.43.2 CONCURRENT TIMING

A mode of controller unit operation whereby a traffic
phase can be selected and timed simultaneously and
independently with another traffic phase.

1.1.43.3 DicitaL TimING

Pertaining to a method of timing that operates by
counting discrete units.
NEMA Standard 11-6-1975.

1.1.44 Yield

A command which permits transfer of the right-of-
way. (See 1.1.19.)
NEMA Standard 11-6-1975.

1.2 DETECTORS
1.2.1 Actuation

The operation of any type of detector.
NEMA Standard 11-6-1975.

1.2.2 Amplifier, Dectector
A device that is capable of intensifying the electrical

energy produced by a sensor.
NEMA Standard 11-6-1975.

1.23 Antenna

The radiating or receiving elements utilized in trans-
mitting or receiving electromagnetic waves.
NEMA Standard 11-6-1975.
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1.24 Call
See 1.1.4.

1.25 Detection

1.2.5.1 Apvisory DeTECTION

The detection of vehicles on one or more intersection
approaches solely for the purpose of modifying the phase
sequence and/or length for other approaches to the inter-
section.

1.2.5.2 Passace DeTecrtion

The ability of a vehicle detector to detect the passage
of a vehicle moving through the detection zone and to
ignore the presence of a vehicle stopped within the detec-

tion zone.

1.25.3 Presence DeTECTION

The ability of a vehicle detector 1o sense that a vehicle,
whether moving or stopped, has appeared in its field.
NEMA Standard 11-6-1975.

1.2.6 Detector

A device for indicating the presence or passage of
vehicles or pedestrians.

1.2.6.1 BipiRecTiONAL DETECTOR

A detector that is capable of being actuated by vehicles
proceeding in either of two directicns and of indicating in
which of the directions the vehicles were mov:ng.

- 1.26.2 Calune DeTecToR

A detector that is installed in a selected lccation to
detect vehicles which may not otherwise be detected, and
whose output may be modified by the controller unit.

1.2.6.3 CrassiFicarion DETECTOR

A detector that has the capability of differentiating
among types of vehicles.

1.2.6.4 DirecTiONAL DETECTOR

A detector that is capable of bzing actuatec only by
vehicles proceeding in one specified direction.

1.2.6.5 Exvension DeTtectoR

A dector that is arranged to register actuations at the
controller only during the green interval for that approach
so as to extend the green time of the actuating vehicles.

1.2.6.6 InFRARED DETECTOR

A detector that senses radiation in the infrared spec-
trum.

1.2.6.7 LigHT-sensiTive DeTecton

A detector that utilizes a light-sensitive device for
sensing the passage of an object interrupting a beam of
light directed at the sensor.

1.2.6.8 Loop DeTECTOR

A detector that senses a change in inductance of its
inductive loop sensor by the passage or presence of &
vehicle near the sensor.

1.26.9 Macneric DETECTOR

A detector that senses changes in the earth’s magnetic
field caused by the movement of a vehicle near its sensor.

1.2.6.10 MaGNeTOMETER DETECTOR

A detector that measures the difference in the level of
the earth’s magnetic forces caused by the passage or
presence of a vehicle near its sensor.

1.2.6.11 NonbirecTionaL DETECTOR

A detector that is capable of being actuated by vehicles
proceeding in any direction.

1.2.6.12 PepestriaN DETECTOR

A detector that is responsive to operation by or the
presence of a pedestrian.

1.2.6.13 Pneumatic DETECTOR

A pressure-sensitive detector that uses a pneumatic
tube as a sensor.

1.2.6.14 PressURE-SENSITIVE DETECTOR

A detector that is capable of sensing the pressure of a
vehicle passing over the surface of its sensor.

1.2.6.15 Rapar DeETECTOR

A detector that is capable of sensing the passage of a
vehicle through its field of emitted microwave energy.

1.2.6.16 Sampuing DeTecTOR

Any type of vehicle detector used to obtain representa-
tive traffic flow information.



1.2.6.17 Sipe-FiIRe DETECTOR

A vehicle detector with its sensor located to one side
of the roadway.

1.2.6.18 Sounp-sensimiveE VEHICLE DETECTOR

A detector that responds to sound waves generated by
the passage of a vehicle over the surface of the sensor.

1.2.6,19 ULrrasonic DETECTOR

A detector that is capable of sensing the passage or
presence of a vehicle through its field of emitted ultra-

sonic energy. .
NEMA Standard 11-8-1975.

1.2.7 Detector Mode

A term used to describe the operation of a detector
channel output when a presence detection occurs,

1. Pulse Mode—Detector produces a short output
pulse when detection occurs.

2. Controlled Output—The ability of a detector to
produce a pulsc that has a predetermined duration regard-
less of the length of time a vehicle is in the field of
influence.

3. Continuous-presence Mode—Detector output
continues if any vehicle (first or last remaining) remains
in the field of influence.

4. Limited-presence Mode—Detector output con-
tinues for a limited period of time if vehicles remain in
field of influence. o

NEMA Standard 11-6-1975.

1.28 Lead-In Cable
See 11.1.7.

1.2.9 Loop Detector System
See 11.1.2.

1.2.10 Loop Detector Unit
See 11.1.5.

1.2.11 Output
1.2.11.1 Carrvover QuTPuT

The ability of a detector to continue its output for a
predetermined length of time following an actuation,

1.2.11.2 Dewavep QutpPur

The ability of a detector to delay its output for a
predetermined length of time during an extended actua-
tion.

NEMA Standard 4-7-1983,
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1.2.12 Probe

The sensor form that is commonly used with a magne-

tometer-type detector.
NEMA Standard 11-6-1975.

1.2.13 Sensor

The sensing element of a detector.
NEMA Standard 11-6-1975.

1.2.14 Transducer

A sensor which transmits energy to the detection zone
and interprets the signal received from the detection
zone.

NEMA Standard 11-6-1975.

1.2.15 Transmitter

That portion of a detector which transmits energy to a

SENSOr. :
NEMA Standard 11-8-1975.

1.2.16 Vehicle Detector System
See 11.1.1.

NEMA Standard 4-7-1983.

1.2.17 Zone of Detection (Sensing Zone)

That area of the roadway within which a vehicle will
be detected by a vehicle detector system.
NEMA Standard 11-6-1975,

1.3 SIGNALS
1.3.1 Backplate
A strip of thin material extending outward parallel to
the signal face on all sides of a signal housing to provide
a suitable background for the signal indications.
NEMA Standard 11-6-1975.

1.3.2 Focal Point
The design point within the optical unit, related to the
reflector, from which emitted light will be redirected by

the reflector into a prescribed pattern.
NEMA Standard 11-6-1875,

1.3.3 Indication, Signal

The illumination of a signal lens (or an equivalent
device) whereby the movement of vehicular or pedestrian
traffic is controlled.

NEMA Standard 11-6-1875.
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1.3.4 Lamp

That part of the optical unit which, when energized,
electrically provides the optical unit light souree.
NEMA Standard 11-6-1975.

1.3.5 Lens

That part of the optical unit through which light from
the light source and reflector passes and, in so doing, is
redirected into a prescribed pattemn and is filtzred to a
prescribed color.

NEMA Standard 11-6-1975.

1.3.6 Optical Unit

An assembly of a lens, reflector, light source, and

other components if required, with the necessary sup-
porting parts to be used for providing a signal indication.
NEMA Standard 11-6-1975.

1.3.7 Reflector

A contoured reflective surface which redirects the light
from the light source toward the Izns.
NEMA Standard 11-6-1975.

1.3.8 Section

1.3.8.1 Section BLank Door {Biank DooRr)

A section door which closes the face of the housing
but does not support a lens, i.e., closes a housing in
which no optical unit is used.

1.3.82 Section Door (Door)

That part of a signal section which closes the face of
the bousing and supports the optical unit lens.

1.3.8.3 3SectioNn Housing (Hcousing)

That part of a signal section which encloses, protects,
and supports the optical unit.
NEMA Standard 11-6-1975.

1.3.9 Signal

An optical device which is electrically operated by a
controller assembly and which communicatas a pre-
scribed acrion (or actions) to traffic.

1.3.9.1 ADJUSTABLE SiGNAL

A signal head having the signal faces mounted in the
support hardware so that each face may be adjusted or
“aimed”, as required, to present the indication to ap-
proaching traffic.

1.3.9.2 HicHway TRAFFIC SIGNAL

Any power-operated traffic-contral device (except a
sign or a barricade warning light or steady-burning elec-
tric lamps) by which traffic is warned or is directed tc
take some specific action.

1.3.9.3 Lane-use CONTROL SIGNAL

A highway traffic signal which is erected to control the
direction of vehicular traffic movement in an individual
lane.

1.3.9.4 NonaADJUSTABLE SiGNAL (FIXED-FAGED SiG-
NAL)
A signal having the faces mounted in a framework sc
that the indications are presented at a fixed angle.

1.3.9.5 PeDESTRIAN SIGNAL

A traffic control signal which is erected for the exclu-
sive purpose of directing pedestrian traffic at signalizec
locations.

1.3.9.6 SianaL Face

A section or combination of sections, each capable of
displayiing its indication in one direction.

1.3.9.7 SienaL Heap
An assembly containing one or more signal faces.

1.3.9.8 SIGNAL INSTALLATION

All of the equipment and material involved in the
control of traffic at one or more intersections by a single
controller assembly.

1.3.9.9 SicnAL SECTION

The optical unit and housing capable of displaying one
indication.

1.3.9.10 TraiN APPROACH SIGNAL

A highway traffic signal which indicates to highway
traffic the approach and passage of railroad trains at a
railroad highway grade crossing.

NEMA Standard 11-6-1975.

1.3.10 SOCKET

That part of the optical unit which supports the lamp
and is so arranged as to fix the position of the ligh
source with reference to the focal point of the reflector

NEMA Standard 11-6-1975



1.3.11 VISOR (HOOD)

That part of a signal section which protects the lens
face from direct ambient light.

1.3.11.1  Cutawayr Visor (CONTOURED, STANDARD)
A visor which encircles approximately 300 degrees

around the lens, the lower half of which may be cut away
and contoured.

1.3.11.2 FuLr-circLE TUNNEL VisoR
A visor which encircles the entire lens.

1.3.11.3 Orpen-sBottom TunNEL VISOR

A visor which encircles the entire lens except a seg-
ment equal to approximately 2 inches of circumference at
the bottom of the lens.

NEMA Standard 11-6-1975.

1.4 SIGNAL MOUNTING HARDWARE
141 Arm
1411 Bracker ARM
A signal bracket, for bracket mount applications,

which complements a tubular bracket arm but which is
not of tbular construction.

1.4.1.2 TusuLAR BRACKET ARM

A signal bracket, for bracket mount applications, of
tubular construction through which wiring can be passed
to provide electrical connection of the signal faces sup-
ported by the bracket.

NEMA Standard 11-6-1975,

1.4.2 Balance Adjuster
A device used in span-wire-mount applications to per-
mit alignment of the point of suspension with respect to
the center of gravity of the signal head so that the signal
will hang vertically.
NEMA Standard 11-6-1975. '

1.4.2 Balance Adjuster

A device used in span-wire-mount applications to per-
mit alignment of the point of suspension with respect to
the center of gravity of the signal head so that the signal
will hang vertically.

NEMA Standard 11-8-1975.

1.4.3 Cable Entrance Adapter

A mounting bracket of tubular construction which is
used between the span wire hanger and the signal
brackets to provide for passing control cable into the
signal head.

NEMA Standard 11-6-1978,

1.4.4 Hanger

1.44.1 DisconnecT HANGER (Jack Box)

A mounting device for a span wire or a mast arm
mount that contains a terminal block for a plug and

TS 1-1989
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socket and a means of readily attaching or detaching the
signal head to and from the hanger.

1.44.2 Sean WIRE HANGER (Span WIRE CLaMP)

A mounting bracket for supporting a signal head by
clamping onto a span wire.
NEMA Standard 11-6-1975.

1.4.5 Mount
1.4,5.1 Bracker MounT (Sipe MounT)

A signal mounting arrangement where the signal head
is mounted approximately parallel to the vertical axis of
the pole.

1.4.5.2 ELevator MasT ARM MounT

A mast arm mount where the signal face is supported
on the mast arm by a bracket between the face sections so
as to place one or more of the sections above the mast
arm.

1.4.53 FLexisLe MasT ARm MounT

A mast arm mount where the signal head is attached to
the mast arm with a flexible joint and connector to permit
“free swinging™ between the signal and the mast arm.

1.454 Mast ArRM MounT

A signal head mounting supported from a rigid arm
extended over the roadway for the purpose of supporting
the signal head.
1.4.55 Mip-masT ARM MOUNT

A signal head mounted at some point on the mast arm
between the end of the mast arm and the pole.
1.4.5.6 Post MounT (PepesTaL MounT)

A signal head mounted on top of a post.

1.45.7 Rcipo Mast Arm Mount

A signal head mounted at some point on the mast arm

between the end of the mast arm and the pole.

1.4.5.6 Post MounT (PepesTtaL MounT)
A signal head mounted on top of a post.

1.45.7 Ricio Mast ARm MounTt

A mast arm mount where the signal head is rigidly
affixed to the mast arm to prevent any relative movement

between the signal and the arm.
1.458 Span WiRE MounT (Span WIRE)

A signal head suspended over the roadway on cable.
NEMA Standard 11-6-1975,

1.4.6 Mounting Brackets

A grouping of parts used to fix a signal head in the

NEMA Standard 11-6-1975.
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1.4.7 Slgnal Hardware

A grouping of parts used to fix signal faces in relation
to each other to make a signal head.
NEMA Standard 11-6-1875.

1.4.8 Slipfitter

A mounting bracket which provides for mounting a
signal head onto the top of a post or pedestal.
NEMA Standard 1--6-1975.

1.4.9 Spreader
1.4.9.1 Soup SPREADER

A signal bracket having solid arms radiating from a
hub.

1.49.2 TuBuLAR SPREADER

A signal bracket having tubular a-ms radiating from a
hub through which wiring can be passed to provide
electrical interconnection of the signal faces supported
by the signal bracket.

1.4.10 Terminal Compartment (Terminal
Bracket)

A compartment having a terminal block for connect-

ing signal control conductors and wrich may support the

signal face.
NEMA Standard 11.6-1975.

1.5 SIGNAL SUPPORTING MEMBERS
1.5.1 Bridge Structure, Traffic Signal

The structural member which is suspended between
two or more supports.
NEMA Standard 11-6-1975.

1.52 Mast Arm
1.5.2.1 Bracep-TyPe MasT Arm (TiE Rop)
A semirigid mast arm which is braced in position.

15.2.2 TrAFFIC SigNAL MAST ARM

A structural support over the roadway, extending from
a pole, for the purpose of supporting the signal head(s).

1.5.2.3 Truss-TvPE MAST ARM

A mast arm consisting of an assemblage of members
forming a rigid framework in the vertical plane.

15.2.4 Tuse-trre MasT Asm

A mast arm consisting of a single tubular member.
NEMA Standard 11-6-1975.

1.5.3 Pedestal, Traffic Signal (Post)
A vertical support on top of which the signal head or
controller assembly is mounted.
NEMA Standard 11-6-1975.

1.5.4 Pole, Traffic Signal

A vertical support to which structural items and hard-
ware are attached for supporting traffic signals.
NEMA Standard 11-6-1975.

1.5.5 Span Wire, Traffic Signal

One or more cables used as a means of support for

traffic control devices.
NEMA Standard 11-6-1975.

1.5.6 Support, Traffic Signal

The physical means whereby a signal head is sup-
ported in a particular location.
NEMA Standard 11-6-1975.
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1.6 CROSS-REFERENCED DEFINITIONS
Other Term NEMA Term NEMA Number
All-red interval Red clearance interval 1.1.20.3
Bus preemptor Priority-traffic phase selection 1.1.35
Control box Cabinet 1.1.3
Dispatcher Controller unit (Dispatcher or Timer) 147
Filter Suppressor, Radio interference 1.1.40
Fire preemptor Preemptor, Traffic controller 1.1.33
Fixed time controller Pretimed controller assembly 1.1.6.8
Head Signal 1.3.9
Head Signal head 1.3.9.7
Housing Cabinet 1.1.3
Indication Signal face 1.3.9.6
Line filter Radio interference suppressor 1.1.40
Lock-in Detector memory 1.1.23.1
Manual Control Manual Operation 1.1.22.1
Minor phase Subordinate phase (Minor Phase) 1.1.30.5
Pad Pressure-sensitive detector 1.2.6.14
Progression Coordinator 1.1.8
Railroad preemptors Preemptor, Traffic controller 1.1.33
Red revert Red Indication, Minimum (Red Revert) 1.1.36
Sequence Sequence Interval 1.1.204
Time cycle Cycle 1.1.9
Timer Controller unit (Dispatcher or Timer) 1.1.7
Traffic controllers Controller Equipment 1.1
Traffic phase Phase 1.1.30
Traffic signal Signal 1.3.9
Treadle Pressure-sensitive detector 1.2.6.14
Vehicle interval Extension, unit 1.1.14
Vehicle interval Passage period 1.1.29
Vehicle preemption Priority-traffic phase selection 1.1.35
Volume-density operation Gap reduction 1.1.18
Volume-density operation Initial portion 11812

NEMA Standard 4-7-1983.
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Section 2
ENVIRONMENTAL STANDARDS AND TEST PROCEDURES

Section 2 relates to environmental standards end operating conditions for intersection traffic control equipment. The
controller assembly includes the weatherproof cabinet, controller unit, load switches, detectors, flashers, signal-

conflict monitor, and alternating-current line filters.

Clause 2.1 establishes the limits of the environmental and operating conditions in which the controller assembly will
perform, and 2.2 defines the test procedures required 1o demonstrate the conformance of controller assemblies and sub-

assemblies with the provisions of the standards

2.1 ENVIRONMENTAL AND OPERATING
STANDARDS

2.1.1 Operating Voltage, Frequency and Power
interruption

The controller assembly, and the major uni's of the
controller assembly, shall performc all of their defined
functions when the voltage and frequency from the local
service transformer are within the specified standards.
The power interruption staadard shall define the: control-
ler unit mode of operation upon restoration of power
relative 10 the length of time and power has been inter-
rupted. :
NEMA Standard 11-8-1975.

2.1.2 Voltage

The voltage range shall be 95 tc 135 volts alternating
current. The nominal voltage shall be 120 volts alternat-
ing current.

NEMA Standard 11-8-1975.

2.1.3 Frequency Range

The operating frequency range shall be 60 hertz = 3.0
hertz.
NEMA Standard 11-6-1975.

2.1.4 Power Interruption

2141 Two or more power intzrruptions which are
separated by power restorations of 1500 or more millisec-
onds shall be considered as separate interruptions, and
the controller shall react to the power interruption as
follows:

1. Interruption of 500 Milliseconds or Less—Upon
restoring power, the controller unit shall cortinue to
operate as though the power interruption had not oc-
curred, ;

2. Interruption of More Than 300 Milliseconds and
Less than 1000 Milliseconds— Upon restoring power, the
controller unit shall either continue to operate [2.1.4.1(1)]
or shall revert to its start-up sequence [2.1.4.1(3)].

Authorized Engineering Information 11-6-1975.

3. Interruption of 1000 Milliseconds or More—
Upon restoring power, the controller unit shall revert to
its start-up sequence.

2.1.4.2 Three interruptions of 300 milliseconds or less
which are separated by power restorations of 300 milli-
seconds or more shall not cause the controller unit to
revert to its start-up sequence.

NEMA Standard 4-7-1983,

2.1.5 Temperature and Humidity

The intent of this standard is to define the ambient
temperature and humidity inside the weatherproof cabi-
net of the controller assembly. The controller assembly
and the major units of the controller assembly shall
maintain all of their defined functions when the tempera-
ture and humidity ambients are within the specified lim-
its of this standard.

2.1.5.1 AmBIENT TEMPERATURE

The operating ambient temperature range shall be
from —30°F (—34°C) to + 165°F (+74°C). The storage
temperature range shall be from —S50°F (—45°C) to
+200°F (+93°C).

The rate of change in ambient temperature shall not
exceed 30°F (17°C) per hour, during which the relative
humidity shall not exceed 95 percent.

2.1.5.2 HumiDiTy

The relative humidity shall not exceed 95 percent over
the temperature range of +40°F (+4.4°C) to +110°F
(+43.3°C).

Above 110°F, constant absolute humidity shall be
maintained. This will result in the relative humidities
shown in Table 2-1 for dynamic testing.

NEMA Standard 11-6-1975.

2.1.6 Transients, Power Service

The controller assembly and the major units of the
controller assembly shall maintain all of their defined
functions when the independent test pulse levels spec- -
ified in 2.1.6.1 and 2.1.6.2 occur on the alternating-
current pOwer service:



2.1.6.1 HigH-RePETITION NOISE TRANSIENTS

The test pulses shall not exceed the following condi-
tions:

1. Amplitude—300 volts, both positive and negative

polarity.
2. Peak Power—2500 watts.

Table 2-1

WET-BULB DRY-BULB RELATIVE HUMIDITY
AT BAROMETRIC PRESSURE OF 29.92 IN. Hg.

Dry Bulb Relative Wet Bulb
Humidity,

°F °C Percent* °F °C
40 4.4 75 37 2.8
50 10.0 80 47 8.3
60 15.6 83 57 13.9
70 21.1 86 67 19.4
70 21.1 86 67 19.4
80 26.7 87 77 25.0
90 32.2 89 87 30.6
100 37.8 89 97 36.1
110 433 90 107 41.7
120 48.9 70 109 42.8
130 54.4 50 109 42.8
140 60.0 38 109 42.8
150 65.6 28 109 42.8
160 71.1 21 109 42.8
165 73.9 18 109 42.8

* For dynamic testing.

3. Repetition—1 pulse approximately every other
cycle moving uniformly over the full wave in order to
sweep across 360 degrees of the line cycle once every 3
seconds.

4. Pulse Rise Time—1 microsecond.

5. Pulse Width—10 microseconds.

21.6.2 Low-RePeTITION HIGH-ENERGY TRANSIENTS

The test pulses shall not exceed the following condi-
tions:

1. Amplitude—600 volts, =5 percent, both positive
and negative polarity.

2. Energy Source—Capacitor, oil filled, 10 micro-
farads = 10 percent, internal surge impedance less than 1
ohm.

3. Repetition—1 discharge every 10 seconds.

4, Pulse Position—Random across 360 degrees of
the line cycle.

NEMA Standard 11-6-1975.
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2.1.7 Translents, Input-output Terminals

The controller assembly and the major units of the
controller assembly shall maintain all of their defined
functions when the test pulse occurs on the input-output
terminals.

1. Amplitude—300 volts, both positive and negative
polarity.

2. Pulse Source—1000 ohms nominal impedance.

3. Repetition—1 pulse per second, for a minimum
of five pulses per selected terminal.

4. Pulse Rise Time—1 microsecond.

5. Pulse Width—10 microseconds.

NEMA Standard 4-7-1983,

2.1.8 Nondestruct Transient Immunity

The controller assembly and the major units of the
controller assembly shall be capable of withstanding a
high-energy transient having the following characteris-
tics repeatedly applied to the alternating-current input
terminals (no other power connected to terminals) with-
out failure of the test specimen;

1. Amplitude— 1000 volts =5 percent, both posi-
tive and negative polarity.

2. Energy Source—Capacitor, oil filled, 15 micro-
farads + 10 percent, internal surge impedance less than 1
ohm,

3. Repetition—Applied to the controller assembly
once every 2 seconds for a maximum of three applica-
tions for each polarity.

After the foregoing, the controller assembly and the
major units of the controller assembly shall perform all
of their defined functions upon the application of nomi-
nal alternating-current power.

NEMA Standard 4-7-1983.

2.1.9 Timing Accuracy
2.1.9.1 DeviaTion

The controller unit and the other major units of the
controller assembly shall maintain all of their pro-
grammed functions within the maximum timing devia-
tion.

2.19.2 SeTABILITY AND REPEATABILITY

The accuracy of the timing of any interval portion is
limited by the setability and repeatability error of that
interval portion’s readout and setting device.

1. Setability is the difference between the indication
and the actual timings obtained.

2. Repeatability is the measure of the duplicating
capability for repetitive timings of a given setting.

NEMA Standard 11-8-1975.
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2.1.10 Analog Timing
2.1.10.1 SermasiLTY

The setability tolerance shall be =5 percent of the dial
settings or one half second, whichever is greater.

2.1.10.2 RePEATABILITY

The repeatability tolerance shall be *35 percent of
timing average or ' second, whichever is greatex
NEMA Standard 4-7-1983.

2.1.11 Digital Timers

Timing shall be accomplished by digital methods and
shall utilize power line frequency as a base.

2.1.11.1  SemaswiTy
The setability shall be in discrete increments.

2.1.11.2 RePEATABILITY

The digital timing shall relate to the input line fre-
quency so that no cumulative or drift errors will cccur in
timing-intervals, Any interval timed by a unit employing
digital techniques shall not deviate by more than + 100
millisecords from its set value at a power source fre-

quency of 60 Hertz.
NEMA Standard 4.7.1983.

21,12 Vibration

The major units of the controller assembly shall main-
tain their programmed functions and physical integrity
when subjected to a vibration of 5 to 30 cycles per
second up to 0.5 gravity applied in ezch of three n-utually
perpendicular planes.

NEMA Standard 4-7-1983.

2.1.13 Shock

The major units of the controller assembly shall suffer
neither pzrmanent mechanical deformation nor any
damage that renders the unit inoperable, when subjected
to a shock of 10G applied in each of three mutually
perpendicular planes.

NEMA Standard 11-6-1975.

2.2 TEST PROCEDURES
221 Test Facllities

All instrumentation specified in the test procedures,
such as voltmeters, ammeters, thermocouples, pulse
timers, etc., shall be selected in accordance with good
engineering practice. In all cases where time limit tests

are required, the allowance for any instrumentation errors
shall be included in the limit test.

1. Variable Voltage Source—A variable sousce ca-

pable of supplying 20 amperes from 95 to 135 volts
alternating current.

2. Environmental Chamber—An environmental
chamber capable of attaining temperatures of —30°F
(=34°C) to + 165°F (+74°C) and relative humidities
given in Table 2-1.

The chamber shall be large enough to accept the test
unit including the weatherproof equipment cabinet with
its door in the full-open position. (The cabinet door may
be removed for the “‘open-door™ test.)

3. Voltmeters

a. An RMS responding meter for measuring
conflict monitor signals.

b. A meter calibrated for RMS voltages, assum-
ing sine wave signals, for all other ac voltage measure-
ments.

¢. A suitable dc meter.

4. Test Loads—Test loads shall consist of tungsten-
filament lamps.

5. Time Indicator—A time indicator with sufficient
scale to cover the range and resolution of timings to be
taken and with a readout capability of at least 0.01
second.

6. Transient Generator(s)—Transient generator(s)
capable of supplying the transients outlined in 2.1.6
through 2.1.8.

7. Temperature Measuring Instruments—Recording
pyrometer and thermocouple capable of measuring and
recording from 100°F (38°C) to 200°F (93°C) with an
accuracy of =+ 3°F (2°C) (for use in the test described in
2.2.4).

8. Miscellaneous—Test switches; cables; a #12-
AWG 120-volt alternating-current service connection
with a separate grounding wire from the variable-voltage
source; two-wire service cable with adequate conductors
in consideration of the signal lamp test load; and #16-
AWG wiring of test lamps to load switch outputs.

NEMA Standard 4-7-1883.

2.2.2 Test Unit

The test unit shall be the complete controller assem-
bly, in the weatherproof equipment cabinet with provi-
sions for ventilation, as specified by the equipment man-
ufacturer, including:

Terminal facilities.

Surge protection.

Line filters.

Controller unit.

Load switches.

Signal conflict monitor.

Auxiliary control devices (as required).
Flashers.

The test equipment shall be set up in accordance with
Figure 2-1.

PN P LN -

NEMA Standard 4-7-1983.
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2.2.3 Test Procedure—Transients, Tempera-
ture, Voltage and Humidity

In the interest of insuring safe and reliable operation
of the traffic control equipment covered by these stan-
dards, the limits over which the testing is performed have
been made extremely wide and severe. Therefore, it is
expected that some failures may occur during the test pro-
gram, (See 2.2.3.8),

TesT A—PLACEMENT IN ENVIRONMENTAL
CHaMBER AND CHECK-OLT OF Hook-ur

2.2.3.1

1. Place the equipment under test in the environmen-
tal chamber with all switches in the OFF position. The
door of the weatherproof equipment cabinet shall be left
open initially. Connect the ejuipment to a variable volt-
age power transformer as shown in Figure 2-2 and con-
nect the voltmeter and transient generator in the proper
position. The transient generator shall be connected to
the alternating-current input circuit at a point as shown—
at least 15 feet from the alternating-current power source
and not over 10 feet from the input to the controller unit.

2. Test loads for design approval shall be assigned
1200 watts to each circuit of -he first load switch and 300
watts to the remaining load switches. The 300 watt loads
may be reduced to the exten: necessary to limit the total
power dissipation to 4500 watts.

Once design approval has been established, alternative
loads of 50 percent of the design apgroval values can be
used. (Authorized Engineering Information 4-7-1983).

3. Connect test switches to the appropriate terminals
within the equipment cabinet to simulate vehicle calls,
pedestrian pushbuttons, and the various features incorpo-
rated into the specific test unit. Place these switches in
the proper position for desired operation.

4. Verify the test hook-up. Adjust the variablz-volt-
age power transformer to 120 volts alternating current

and apply power to the test unit. Verify that the cor:troller
unit goes through its prescribed start-up sequence and
cycles properly in accordance with the operation deter-
mined by the positioning of test switches in item 3.
Operation of the test lamps should be in agreement with
controller unit sequencing and in accordance with spec-
ified operetion.

Upon the satisfactory completion and verification of
the test hook-up, proceed with Test B.

2.2.3.2 ‘Test B—TRAnsI:NT Tests (Power Serv-
ICE)

The surze protector and line filters shall be removed
from the alternating-current power source circuit of the
equipment cabinet for the following transient tests:

1. Program the controller unit so it will dwell in a
selected phase— 120 volts alternating-current input from
the variable-voltage power transformer.

2. Set a transient generator to provide high-repeti-
tion noise transients as follows:

a. Amplitude—300 volts +5 percent, both
positive and negative polarity.

b. Peak power—2500 watts.

¢. Repetition rate—one pulse every other cycle
moving uniformly over the full wave in order to sweep
once every 3 seconds across 360 degrees of line cycle.

d. Pulse rise time—1 microsecond.

e. Pulse width—10 microseconds.

3. Apply the transient generator output to the alter-
nating-current voltage input as indicated in Figure 2-1 for
at least 5 minutes. Repeat this test for the condition of
dwell for each phase of the controller unit. The controller
unit must continue to dwell in the selected phase without
incidence of false calls or indications.

4. Program the controller unit to cycle on minimum
recall. Turn on the transient generator (output in accord-
ance with item 2) for 10 minutes, during which time the
controller unit shall continue to cycle without malfunc-
tion.

5. Set a transient generator to provide high-repeti-
tion noise transients as follows:

a. Amplitude—300 volts =5 percent, both
positive and negative polarity.

b. Source impedance—not less than 1000 ohms
nominal impedance.

¢. Repetition—one pulse per second for a mini-
mum of five pulses per selected terminal.

d. Pulse rise time— 1 microsecond.

e. Pulse width—10 microseconds.

Program the controller unit so it will dwell in a se-
lected phase-—120 volts alternating-current input.

6. Apply the transient generator (output in accord-
ance with item 5) between logic ground and the connect-

ing cable termination of selected input/output terminals
of the controller unit.*

A representative sampling of selected input/output ter-
minations shall be tested. The controller unit shall con-
tinue to dwell in the selected phase without incidence of
false calls or indications.

* Certain auxiliary equipment may not comply with the requirements
of this test at this time. Special test procedures should be used for
auxiliary equipment.

Authorized Engineering Information 4-7-1983
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7. Program the controller unit to cycle on minimum
recall., Turn on the transient generator (output in accord-
ance with item 5) and apply its output to the selected
input/output terminations. The controller unit shall con-
tinue to cycle without malfunction.

B. Set a transient generator to provide kow-repetition
high-energy transients as follows:

a. Amplitude—600 volts 5 percent, both
positive and negative polarity.

b. Energy discharge source—capacitor, oil-
filled, 10 microfarads.

c. Repetition ratc—one discharge each 10 sec-
onds.

d. Pulse position—random across 360 degrees
of line cycle.

9. Program the controller unit so'it will dwell in a
selected phase— 120 volts alternating-current input from
the variable-voltage power transformer.

0. Discharge the oil-filled [0-microfarad capacitor
ten times for each polarity across the alternating-current
voltage input. Repeat this test for the condition of dwell
for each phase of the controller unit. The controller unit
shall continue to dwell in the selected phase without
incidence of false calls or indications.

1. Program the controller unit ta cycle on m-nimum
recall. Discharge the capacitor ten tires for each polarity
while the controller is cycling on minimum recall, during
which time the controller unit shall continue to cycle
without malfunction.

12. During the preceding transient tests (items 3
through 11}, the controller must continue its pro-
grammed functions, The controller shall not skip inter-
vals or phases when cycling; place false calls or produce
false indications while in dwell; disrupt normal se-
quences in any manner; or change timings.

13.  Non-destruct Trans:ent Immunity:

a. Tum off the alternating-cerrent power input
to the test unit from the variable-veltage power source.

b. Apply the following high-energy transient to
the alternating-current voltage input terminals of the con-
troller unit (no other power connectzd to terminals):

{1) Amplitade—1000 volts, both positive
and negative polarity.

(2) Peak power discharge—capacitor, oil-
filled, 15 microfarads.

(3) Repetition rate—=pplied to the com-
troller asszmbly once every 2 seconds for a maximum of
three applications for each polarity.

c. Upon completion of the foregoing, apply 120
volts alternating-current to the controller assembly and
verify that the controller unit goes thwough its prescribed
start-up sequence and cycles properly in accordance with
the programmed functions. The first operation of the

over-current protective device during this test shall not be
considered a failure of the controller assembly.

Upon satisfactory completion of this test, reconnect
the surge protector and tine filters and proceed to Test C.

NOTE—Tests C through G follow the profile indicated in Figure 2-2 to
demonstrate the ability of the controller assembly to function reliably
under stated conditions of temperature, voltage and humidity.

2.2.3.3 Test C—Low-TEMPERATURE LOW-VOLTAGE
TesTs

1. Definition of Test Conditions—

Environmental chamber door—closed.
Temperature—minus 30°F (minus 34°C).
Low voltage—93 volts alternating current.
Equipment cabinet door—open.

Humidity control—off.

2. Test Procedure—While at room temperature, ad-
just the input voltage to 95 volts alternating current and
verify that the test unit is still operable.

a. With the test equipment cy¢ling on mintmum
recall, lower the test chamber to - 30°F (—34°C) at a
rate not exceeding 30°F (17°C) per hour. Allow the test
specimen to cycle on minimum reczli for a minimum of 5
hours at —30°F (—34°C) with the humidity controls in
the off position. Then operate the test switches as neces- -
sary to determine that all functions are operable.

b. Power shall then be removed from the con-
troller assembly for a period of 5 hours. Upon restoration
of power, the controller assembly shall resume cycling.
¢. With the controller assembly at —30°F (—34°C)
and the input voltage at 95 volts alternating current, the
following items shall be evaluated against their respec-
tive standards:

2.2.7 Power Interruption Tests

2.2.8 Timing Accuracy Tests

2.2.8.2 Repeatability

2.2.9 Signal Conflict Monitoring Tests

All input/output functions as required by the specific
controller assembly application shall be tested.

Upon satlsfactory completion of this test, proceed to
Test D.

LI

2234 Test D—Low-TEMPERATURE HIGH-VOLTAGE
TesTs

1. Definition of Test Conditions—
a. Environmental chamber door—closed.
b. Low temperature—minus 30°F (minus
34°C).
¢. High voltage—135 volts alternating current.
. Equipment cabinet door —open.
e. Humidity controls—off.



2. Test Procedure—While at —30°F (°34°C) and
with humidity controls off, adjust the input voltage to
135 volts alternating current and allow the test specimen
to cycle for 1 hour on minimum recall. Then operate the
test switches as necessary to determine that all functions
are operable.

3. With the controller assembly at — 30°F (—34°C)
and the input voltage at 135 volts altemating current
(humidity controls off), the following items shall be
evaluated against their respective standards:

2.2.7 Power Interruption Tests

2.2.8 Timing Accuracy Tests

2.2.8.2 Repeatability

2.2.9 Signal Conflict Monitoring Tests

All input/output functions as required by the specific
controller assembly application shall be tested.

Upon satisfactory completion of this test, proceed to
Test E.

2.2.3.5 Test E-— HiaH-TEMPERATURE HigH-vOLT-
AGE TESTS

1. Definition of Test Conditions—
a. Environmental chamber door—closed.
b. High temperature— * 165°F (74°C).
¢. High voltage—135 volts alternating current.
d. Equipment cabinet door—open.
e. Humidity controls—in accordance with the
humidities given in Table 2-1.

2. Test Procedure—With the equipment under test
cycling on minimum recall, raise the test chamber to
165°F (74°C) at a rate not to exceed 30°F (17°C) per hour.
Check to see that the input voltage is set at 135 volts
alternating current. Set the humidity controls to not ex-
ceed 95 percent relative humidity over the temperature
range of +40°F (4.4°C) to + 110°F (43.3°C). When the
temperature reaches 109°F (43°C), readjust the humidity
control to maintain constant absolute humidity—109°F
(43°C) wet bulb which results in the relative humidities
shown in Table 2-1. Verify that the controller assembly
continues to cycle satisfactorily during the period of
temperature increase and at established levels of relative
humidity.

a. Allow the test unit to cycle on minimum
recall for a minimum of 15 hours at 165°F (74°C) and 18
percent relative humidity. Then operate the test switches
as necessary to determine that all functions are operable.

b. With the controller assembly at 165°F (74°C)
and 18 percent relative humidity and the input voltage at
135 volts alternating current, the following items shall be
evaluated against their respective standards:

TS 1-1989
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2.2.7 Power Interruption Tests

2.2.8 Timing Accuracy Tests

2.2.8.2 Repeatability

2.2.9 Signal Conflict Monitoring Tests

All input/output functions as required by the specific
controller assembly application shall be tested.

Upon satisfactory completion of this test, proceed to
Test E

223.6 Test F—HlaH-TEMPEHm—unE Low-vOLTAGE
Tests '

1. Definition of Test Conditions—
a. Environmental chamber door—closed.
b. High temperature— 165°F (74°C).
c. Low voltage —95 volts alternating current.
d. Equipment cabinet door—open.
¢. Humidity controls—I18 percent relative hu-
midity and 109°F (43°C) wet bulb.

2. Test Procedure-—Adjust the input voltage to 95
volts alternating current as indicated on the voltmeter and
proceed to operate the test switches to determine that all
functions are operable. With the controller assembly at
165°F (74°C) and 18 percent relative humidity—109°F
(43°C) wet bulb—and the input voltage at 95 volts alter-
nating current, the following items shall be evaluated
against their respective standards:

2.2.7 Power Interruption Tests

2.2.8 Timing Accuracy Tests

2.2.8.2 Repeatability

2.2.9 Signal Conflict Monitoring Tests

All input/output functions as required by the specific
controller assembly application shall be tested.

Upon satisfactory completion of this test, proceed to
Test G. '

2.2.3.7 Test G—TesT TERMINATION

1. Program the controller unit to cycle on maximum
recall.

2. Adjust the input voltage to 120 volts alternating
current. .

3. Set the controls on the environmental chamber to
return to room temperature—60°F to 80°F (15°C to
27°C)—with the humidity controls in the off position.
The rate of temperature change shall nat exceed A0°F
(17°C) per hour.

4. Verify that the controller unit continues to cycle
propetly.

5. Allow the equipment under test to stabilize at
room temperature for 1 hour. Proceed to operate the test
switches to determine that all functions are operable.
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2.2.3.8 TestT H—ApPRaisAL OF EQUIPMENT UNDER
TEST

1. A failure shall be cefined as any occurrence
which results in other than normat operation of the equip-
ment. (See item 2 for details.) If a failure occurs, the
equipment shall be repaired or components replaced, and
the test during which failure occurred shall be restarted
from its beginning.

2. The equipment under test is considered to have
failed if any of the following occur:

a. If the controller unit skips intervals or
phases, places false calls, przsents false pilot light indi-
cations, exhibits disruption of normal sequence, or pro-
duces changes in timing beyond specified tolerances, or

b. If the load switches produce incorrect signal
indications, or

c. If the signal conflict monitor fails to satisfy
the requirements of 2.2.9 or

d. If the equipment under test fails to satisfv the
requirements of 2.2.3 Tests A to G, inclusive.

3. An analysis of the failure shal. be performed and
corrective action taken before equipment is retested in
accordance with this standarc. The analysis must outline
what action was taken to preclude additional failures
during the tests.

4. 'When the number of failures exceeds two, it shall
be considered that the equipment fails to meel these
standards. The equipment may be completely retested
after analysis of the failure and necessary repairs have
been made in accordance with item 2.

5. Upon completion of tke tests, the equipment shall
be visually inspected. If material chunges are observed
which will adversely affect the life of the equipment, the
cause and conditicns shall be corrected before making
further tests.

6. Upon satisfactory completion of all of the tests
described in 2.2.3.1 through 2.2.3.8, the equipment
shall be tested in zccordance with 2.2.4,

NEMA Standard 4-7-1983.

2.24 Test Procedure—Cabinet Ventilation
2241 PraceMent IN EnviRonmENTAL CHeMBER

1. The test circuit remains the same as that used in
the previous tests (see Fig. 2-1) with the surge prctector
and line filters connected.

2. The door of the weatherproof equipment cabinet
shall be closed for these tests. However, before closing
the door, verify the test hook-up by adjusting the input
voltage to 120 volts alterneting current and applying
power to the test unit, Verify that the controller unit goes

through its prescribed start-up sequence and cycles prop-
erly in accordance with the operation determined by the
positioning of the test switches, Determine that operation
of the test lamps is in agreement with the controller unit
sequencing and in accordance with the specified opera-
tion.

3. Check that the interval timing for each phase has
been programmed at convenient durations to allow suffi-
cient viewing time (at lamp loads) and yet not to result in
an unnecessarily long cycle time. Set each phase of the
controller unit on minimum recall.

Add sufficient load within the cabinet to raise the
power consumption of the controller unit plus the dummy
load to 400 watts.

4. Four thermocouples shall be located in the free
space within the upper one third of the equipment cabinet
to monitor the maximum ambient temperature inside the
cabinet. These thermocouples shall be placed at least 1
inch from any equipment or cabinet surface. The average

of the two highest temperatures recorded on the four
thermocouples shall be used as the ambient temperature
for all tests.

5. Close the equipment cabinet door. Make certain
that it is latched and that the cabinei is otherwise repre-
sentative of ““street-corner” use. If forced-air cooling (or
other means of venting) is provided as a part of the
complete controller assembly, it shall be operable during
this test.

6. Close the door of the environmental test chamber.

2.24.2 Test ror ADEQUATE CABINET VENTILATION

1. With the controller unit cycling on minimum re-
call and the equipment cabinet door closed, verify that
the test unit is cycling in accordance with the operation
determined by test switches.

2. With humidity controls turned “off”, raise the
ambient temperature of the test chamber to 122°F (50°C)
at a rate not to exceed 30°F (17°C) per hour

3. Allow the controller assembly to continue to cycle
for a period of time sufficient to obtain a stable tempera-
ture within the equipment cabinet. Temperature stability
shall be determined by registration of the same tempera-
ture, within a =+ 5°F (3°C), as measured by the method
specified in 2.2.4.1(1), recorded at 1-hour intervals.

4. The maximemn ambient temperature inside the
equipment cabinet shall not exceed 145°F (63°C) to allow
for an additional temperature rise due to solar radiation.

5. Set controls on the environmental test chamberto
return to room temperature 60°F to 80°F (15°C to 27°C)
with the humidity control off. The rate of temperature
change shall not exceed 30°F (17°C) per hour.



6. Allow the controller assembly to stabilize at room
temperature for 1 hour. Proceed to operate the test
switches to determine that all functions are operable.

7. Terminate the tests, and remove the equipment
from the environmental test chamber.

2.24.3 TesTt TEAMINATION

1. Upon determining that the maximum temperature
inside the equipment cabinet does not exceed 145°F
(63°C) this test can be considered to have been concluded
satisfactorily. In such a case the equipment shall be tested
in accordance with 2.2.5.

2. If the maximum ambient temperature exceeds
145°F (63°C), an analysis shall be performed and correc-
tive action taken before any similar controller assembly
can be retested in accordance with this standard. The
corrective action must outline the action taken to remove

cause of failure.
NEMA Standard 11-6-1975.

2.2.5 Vibration Test
2.25.1 PurPOSE OF TEST

This test is intended to duplicate vibrations encoun-
tered by the controller assembly when installed at its
“street-corner”’ location. Due to the impracticability of
vibrating the entire controller assembly, this test is estab-
lished to vibrate each major segment of the system indi-
vidually, e.g., as follows, but not limited to:

1. Controller unit.

2. Signal conflict monitor unit.

3. Load switching assembly.

a. When the size of the equipment cabinet per-
mits, it may be vibrated as a matier of convenience to
include the load switching assembly.

b. When the size of the equipment cabinet does
not permit vibrating it, the load switching assembly
(commonly referred to as the “load switching and power
distribution panel™) may be removed and vibrated as a
separate unit with the panel surface-mounted in the same
plane as in normal use.

Each major segment shall be fastened securely to the
vibration test table prior to the start of the test.

2.25.2 Test EQUIPMENT REQUIREMENTS

1. Vibration table with adequate table surface area to
permit singular placement of the major segments of the
test system,

2. Vibration table shall consist of:

a, Vibration in cach of three mutually perpen-
dicular planes.

b. Adjustment of frequency of vibration over the
range from 5 to 30 hertz. '

TS 1-1989
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c. Adjustment of test table excursion (double
amplitude displacement) to maintain a G value, meas-
ured at the test table, of 0.5G—as determined by the
following formula:

G =0.0511d f
Where—
d =excursion in inches
f =frequency in cycles per second

2.25.3 RESONANT SEARCH

1. With equipment under test (a major segment of
the system as defined in 2.2.5.1) securely fastened to the
test table, set the test table for a double amplitude dis-
placement of 0.015 inch.

2. Cycle the test table over a search range from 5 to
30 cycles per second and back within a period of 12-1/2
minutes.

3. Conduct the resonant frequency search in each of
the three mutually perpendicular planes.

4, Note and record the resonant frequency deter-
mined from each plane.

a. In the event of more than one resonant fre-
quency in a given plane, record the most severe reso-
nance.

b. If resonant frequencies appear equally se-
vere, record both resonant frequencies.

¢. If no resonant frequency occurs for a given
plane within the prescribed range, 30 cycles per second
shall be recorded.

2.25.4 Ennurancr Test

1. Vibrate the equipment under test in each plane at
its resonant frequency for a period of 1 hour at an ampli-
tude resulting in 0.5G acceleration.

2.  When more than one resonant frequency has been
recorded in accordance with 2.2.5.3(4), the test period of
1 hour shall be divided equally between the resonant
frequencies.

3. The total time of the endurance test for a given
major segment of the controller assembly shall be limited
to 3 hours— 1 hour in each of three mutually perpendicu-
lar planes.

4. Repeat 2.2.5.3 and 2.2.5.4 for each major seg-
ment of the controller assembly.

2.2.5.5 DisposiTioNn oF EquiPMeENT UNDER TEST

1. The equipment under test shall be examined care-
fully to determine that no physical damage has resulted
from the vibration tests.
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2. The equipment under test shall be carefully
checked to determine that it is functionally operable in
all modes of its prescribed operation.

3. The equipment under test may be removed from
the test table. Uporrsatisfactory completion of th2 vibra-
tion test, proceed with the shock (impact) test described
in 2.2.6.

NEMA Standard 11-6-19765.

2,26 Shock (Impact) Test
2.2.6.1 PurPOSE OF TEST

The purpose of this test is to determine that the major
segments of the controller assembly are capable of with-
standing the shock (impact) to which such equipment
may reasonably be subjected during handling and trans-
portation in the process of installation, repair,-and re-
placement. It is to be noted that the equipment is not, at
this time, in its shipping carton. Th2 major segments of
the system are exemplified by, but not limited to, the
following:

1. Centroller unit,

2. Signal conflict monitor unit.

3. Load switching unit.

Each major segment shzll be firmly fastenec to the
specimen table. In each of its three planes the specimen
shall be dropped from a calibrated height to result in a
shock force of 10G’s.

2.2,6.2 Test EquipMeNT REQUIREMENTS

1. Shock (impact) test fixture equivalent to that sug-
gested by the simplified sketch shown in Figure 2-3.

2. The test table shall have a surface area sufficient
to accommodate the various items listed as major seg-
ments of the controller assembly.

3. The test table shall be calibrated and th: items
tested as indicated. This shock test defines the test shock
tobe 10G =1G.

a. Calibratian of the test equipment fcr these
shock tests shall be measured by three accelerometers
having fixed shock settings of 9G, 10G and 11G. They
shall be Inertia Switch Incorporated’s ST-355, or the
equivalent. These devices shall be rigidly attached to the
test table.

b. Calibration of the fixture for each item to be
tested shall be as follows:

(1y Place a dummy lcad weighing within
10 percent of the item to be tested on the test table.

{2) Reset the three accelerometers and
drop the test table from a measured height.

(3) Observe that the accelerometers indi-
cate the following:

(a) The 3G acclerometer shall be ac-

tivated.

(b) The 10G unit may or may not be
actuated.

(¢) The 11G unit shall not be actu-
ated.

c. Repeat calibration tests (a) and (b), adjusting
the height of the drop until, on ten successive drops, the
following occurs:

(1) The 9G unit is actuated ten times.

(2) The 10G unit is actuated between four
to eight times.

(3) The 11G unit is not actuated on any of
the ten drops.

2.2.6.3 Test PROCEDURE

1. The calibration height of the drop for the particu-
lar item under test as determined in 2.2.6.2 shall be used
in this procedure.

2. Secure the item under test to the test table surface
so that the test item rests on one of its three mutually
perpendicular planes.

3. Raise the test table to the calibrated height.

4. Release the test table from the calibrated height,
allowing a free fall into the box of energy absorbing
material below.

5. Repeat the drop test for each of the remaining two
mutually perpendicular planes, using the same calibrated
height for each drop test of the same item under test.

6. The observations of the accelerometer for the
three tests of the test item shall be:

(a) The 9G unit is actuated for all three tests.
(Repeat the calibration if the unit is not actuated.)

(b) The 10G unit may or may not be actuated in
these tests.

(c) The 11G unit is not actuated on any drop. (If
the unit is actuated, repeat the calibration only if the
equipment has suffered damage.)

2.2.6.4 DisposiTioN oF TesT UNIT

1. Check the test unit for any physical damage re-
sulting from the drop tests.

2. Check the test unit carefully to determine that it is
functionally operable in all modes of its prescribed oper-
ation.

3. Satisfactory completion of all environmental
tests, including the shock (impact), is required for solid-
state controller assemblies.

NEMA Standard 11-6-1975.

22.7 Power Interruption Tests

The following power interruption tests shall be con-
ducted at low input voltage (95 volts alternating current)
and high input voltage (135 volts alternating-current) at
each stabilized temperature, i.e., room temperature,
—=30°F (—34°C), and +165°F (+74°C).
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ROPE AND PULLEY

HEIGHT
MEASUREMENT B 4

Figure 2-3
TEST FIXTURE (TYPICAL) FOR SHOCK TESTING
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2.2.7.1 500-miLLisEcOND POWER INTERRUPTION

Place vehicle calls on all phases and, while the con-
troller unmit is cycling, remove the input voltage for a
period of 500 milliseconds. Upon restoration of the input
voltage, check to insure that the controller unit continues
normal operation as though no power interruption has
occurred. Repeat this test three times.

2.2.7.2 1000-mMiLLISECOND POWER INTERRUPTION

Place vehicle calls on all phases and, while the con-
roller unit is cycling, remove the input voltage for a
period o 1000 millisecords. Upcn restoration of the
input voltage, check to insure that the controller unit
reverts to its start-up sequence. Repeat this test thre
times. :

NEMA Standard 11-6-1975.

2.2.8 Timing Accuracy Tests

The following intervals (or interval portions, when
provided) shall be timed as specified in the following
procedure:

INITIAL, EXTENSION, MAXIMUM,
YELLOW CHANGE, RED CLEARANCE,
WALK AND PEDESTRIAN CLEARANCE.

2.2.8.1 Serapwty (Ar Room TeEMPERATURE ONLY)
{(See 2.2.3.3)

In all cases (analog or digital), the range of timing
shall, as a minimum requirement, be as shown in 4.3.1
or 14.3.1.

The range of timing and setability requirements shall
be in accordance with the functional standards given in
this publication for the specific controller unit under test.

1. Anaiog—Analog controller units shall be tested
for setability in accordance with steps a through f.

a. Each type of interval (cr portion of interval)
shall be set on at least one time setting contral of the
controller unit, using the following suggested time set-

tings:
O Ipidal oocivsoimandsinesyig 4 seconds
(2) Extension(gap)............. 3 seconds
(3) Maximum...........,....... 60 seconds
(4) Yellow change ........ S—— 3 seconds
(2} RedCledt .. s daivas 4 seconds
@ Walk,...... ....oo0iiiinn. 12 seconds
(7) Pedestrlanclear............. 16 seconds

b. Select the phase to be timed, and measure
and record the selected interval timing as indicated by the
digital time indicator.

¢. After recording the measured time of each
selected interval once, these same intervals shall be reset
to the same selected interval time as before, but starting
each setting from a random remote setting in order to
check the ability to reset the control to the same selected
time. This process shall be repeated until a total of ten
measured times has been obtained for each selected inter-
val.

d. The longest observed time for each interval
shall be noted as X,. Similarly, the shortest observed
time for each interval shall be noted as X.

e. Substitute the value of X, for each tested
interval in the following formulae where S =the selected
time setting. Determine that the maximum deviation
above the selected time setting does not exceed +5
percent of the dial setting (equation 1) or + ' second
(equation 2), whichever allows the greater variation.

(§ —S) X 100 =<+ 5 percent
S
(Equation 1)

X, =8 =<+ second

(Equation 2)

f. Substitute the value of X; for each tested
interval in the following formulae where S = the selected
time setting, Determine that the maximum deviation be-
low the selected time setting does not exceed — 5 percent
of the dial setting (equation 3) or — %2 second {equation
4), whichever allows the greatest variation.

X;—8 X100 =<5 percent

(Equation 3)

X;—8§ =< —Y second
(Equation 4)
2. Digital—Determine, with reference to the con-

troller unit, that setting of the interval time has been
provided in positive discrete increments in accordance



with the functional standards given in this publication for
the specific controller unit under test.

2.2.8.2 RereatABILITY (ANALOG OR DiGITAL)

(At all stabilized temperatures specified in 2.2.3.2
through 2.2.3.7.)

1. Asa minimum the following intervals (or interval
portions) shall be timed for each phase:

INITIAL, EXTENSION, YELLOW CHANGE
AND RED CLEARANCE.

2. Each interval shail be timed with the digital time
indicator for ten consecutive cycles for one given sefting
of each interval.

3. The ten timings for each interval shall be averaged
to obtain X,,.

4, Substitution in equation 5 and 6, where § =the
selected time setting, shall determine that the deviation
does not exceed:

For Analog— =5 percent of dial setting or +'2
second, whichever allows greater variation.

For Digital—The digital timing shall relate to the
input line frequency so that no cumulative or drift error
will occur in timing intervals. Any interval timed by a
digital controller shall not deviate by more than * 100
milliseconds from its set value.

(Xi:_S_) X 100 = < *5 percent for analog
> (Equation 5)
or
X,v —S =< =Y second for analog
=<+ 100 milliseconds for digital
{Equation 6)

‘NEMA Standard 11-6-1975.

2.29 Signal Conflict Monitoring Tests

Various conflicting signal indications shall be simu-
lated to insure that the conflict monitor is effective in
sensing conflicting signal conditions.

2.2.9.1 Test EQuiPrMENT REQUIREMENTS

1. Variable-voltage transformer capable of providing
a conflict test voltage variable from 0 to 135 volts alter-
nating-current; 5 amperes minimum capacity.

TS 1-1989
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2. Test probe to provide a convenient means of ap-
plying the test voltage specified in item 1 to selected test
lamps which are representative of conflicting signal indi-
cations.

3. Root-mean-square voltmeter to provide a means
of detecting a conflict test voltage of 0 to 150 volts
alternating current. The voltmeter shall measure true
average voltages and shall be calibrated to read equiv-
alent “rms” assuming sine wave voltages.

4. Time switch to control the period of the applied
conflict test voltage.

2.2.9.2 Test CircuiT

Test equipment shall be connected in accordance with
Figure 2-4.

2293 Test PROCEDURE

1. Select any phase from the controller unit (e.g.,
Phase 1). Operate the test switches so as to cause the
controller unit to dwell in the desired indication of the
selected phase as evidenced by the ON condition of the
test lamp corresponding to the selected phase.

2. Conflict test voltage, as outlined in Steps 3
through 6, shall be applied to the test lamp of a phase
known to be in conflict with the legitimate phase indica-
tion selected in Step 1. These tests shall be conducted at

low and high input voltages at each stabilized tempera-
ture.

3. Set Switch #1 to “full wave” and adjust the
variable-voltage power transformer to provide a conflict-
ing test voltage of 15 volts alternating current for a

. duration of 5 seconds to the test point of the conflicting

phase. The signal conflict monitor shall not detect the
conflict.

4. Set Switch #1 to “full wave” and adjust the
variable-voltage power transformer to provide a conflict-
ing test voltage of 25 volts alternating current to the test
point of the conflicting phase. The signal conflict moni-
tor shall not detect a conflict of less than 200 millisec-
onds but shall detect a conflict greater than 450 millisec-
onds.

5. Set Switch #1 to “positive half wave™ and adjust
the variable-voltage power transformer to provide a con-
flicting test voltage of 25 volts alternating current to the
test point of the conflicting phase. The signal conflict
monitor shall not detect a conflict of less than 200 milli-
seconds but shail detect a conflict greater than 450 milli-
seconds. ’

6. Repeat Step 5 with Switch #1 in “negative half
wave” position.

7. The tests specified in Steps 3 through 6 shall be
conducted on a minimum of one conflicting phase.

NEMA Standard 4-7-1983.



0-135 VAC 60 HERTZ o
5 AMPERE CAPACITY CLOSED FOR PERIOD OF

TIMED INTERVAL

FULL WAVE . SWITCH #1
TEST PROBE*
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LINE SIDE HALF WAVE *Z
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wave signals as full wave. See 2.2.9. for sensing half wave

signals based on average
over full cycle
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(COMMON) L
& & ~gr &
(SIGNAL COMMON)
*Test probe to be applied to the appropriate signal field terminal (see 2.2.9.3 [2-6]). CONFLICT
MONITOR UNIT

Figure 2-4
SIGNAL CONFLICT MONITOR TEST UNIT CIRCUIT
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Section 5
SOLID-STATE LOAD SWITCHES

Section 5 defines a solid-state load switch which is connected between the alternating-current line power and traffic
signals. For the purpose of these standards, the term “'solid state” shail be construed to mean that the main current to
the signal load is not switched by electro-mechanical relay contacts.

5.1 THREE-CIRCUIT LOAD SWITCH
5.1.1 Physical Characteristics

1. The overall dimensions of the switch shall not
exceed 8.75 inches from the surface of the connector, to
the front of the unit including the handle or gripping
device. The switch shall be no more than 1.75 inches in
width and no more than 4.2 inches in height.

2. The switch shall intermate with a Cinch-Jones
socket S-2412SB, or the equivalent.

3. The switch shall be so constructed that its lower
surface will be no more than 2.100 inches below the
centerline of the connector.

NEMA Standard 5-18-1983.

4. The switch shall be so constructed that no part of
it will extend more than 0.900 inch to the left and 1.100
inches to the right of the centerline of the connector as
viewed from the front. See Figure 5-1.

5. Internal components of the load switch shall be
readily accessible by the use of a screwdtriver or wrench.

6. A metal enclosure suitably protected against cor-
rosion shall be provided to enclose all electrical parts of
the load switch.

7. The front panel of the load switch shall be pro-
vided with three indicators to indicate the state of the
input circuit of the load switch. The indicator shall be

CONNECTOR SOCKET (TYPICAL)
(SEE 5.1.1.[2))

I 1] l | 2 NOT LESS
THAN 2.100
sl | |
¢ s ¢ | 6
CENTERLINE 4 — - - % - - e - —— Y
' 7l
9| |1°
o o 2.100
(+0.050)
al l12 (~0.000)
)

NOTE—AIi dimensions in inches. Drawing is not to scale.

Figure 5-1
LOAD RACK
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mounted as follows when oriented as normally mounted:

Circuit A at the top.
Circuit B in the middle.
Circuit C at the bottom.

8. Material and Construction of Rigid Printed Cir-
cuit Assemblies
a. Materials :
All printed circuit boards shall be made from
NEMA (FR-4) glass-epoxy, flame retardant, or
equivalent, (Sec NEMA Standards Publication LI 1, In-
dustrial Laminated Thermoserting Products). Circuit
boards exceeding two inches in any dimension shall be at
least Yo inch nominal thickaess. Circuit boards not ex-
ceeding two inches in any dimension shall be at least Y32
inch nominal thickness.
b. Conduciors
The walls of all plated-through holes shall have
a minimum copper plating thickness of .001 inchzs. All
circuit tracks shall have a conductivity equivalerit of at
least two ounces of copper per square foot of surface,
c. Component ldentificatior
The unit shall be designed so that each compo-
nent is identified by a circuit reference symbol. This
identification shall be affixed to the printed circuit

CHASSIS GROUND®1-"

LOGIC GRCUND
(SEE NOTE Ii, FIGURE 5-3)

s

rs
A IN2UT @—d\fv\—— L
& <

B INPUT
”
C IN2UT @
”~
-~
B
NO CONNECTION @

board(s), to the cover of the unit, or in an assembly
drawing provided with the unit.

9. The switch shall be so constructed that personnel
inserting or removing the load switch cannot be exposed
10 any part having live voltage, and will not be required
to insert their hands or fingers into a load rack.

5.1.2 General Electrical Characteristics

1. Switching capabilities shall be provided for three
independent circuits in each load switch. The circuits
shall be reference as A, B, and C. (See Figure 3-2.)

2. Connector pin assignments shall be as shown in
Figure 5-3.

3. Unless stated otherwise, all electnical characteris-
tics shall be maintained over the temperature range from
—-34°C to +74°C.

4. The switch inputs and direct current voltage input
shall be so isolated from the power line that transients, as
described in 2.1.6 applied to the power line with a 25
watt lamp load shall not cause a destructive failure in the
load switch, and shall not cause more than 0.5 volts to
appear across a 10K ohm resistor connected across a
switch input and the direct current voltage input. When
the low energy transients of 2.1.6.1 are applied to the

130 VAC

F
7
7
~ A QUTPUT
/’ ‘j,’
,:
,/

B OUTPUT

|

C OUTPUT

"_—\—®+24 +2VDC
@AC COMMON

Figure 5-2
THREE-CIRCUIT LOAD SWITCH EQUIVALENT CIRCUIT DIAGRAM



crassis grouno | | 2 1] | 120 vac

LOGIC GROUND | 4 3| | AouteuT (R DW)

ANPUTROW) | |6 g 5] |BoutPUT(Y

B INPUT (V) I 8 7| | coutrPuT (G, W)
CINPUT G, W) | | 10 o 9| | +24 +2voC
NO CONNECTION | |12 11] | AC comMmon

NOTE I—The terminal reference is a pin side view of the male
connector.

NOTE I1—Parenthetical notations associated with A, B, C inputs and
outputs denote the normal usage of the termination with vehicle or
pedestrian signals.

R = RED W = WALK

G = GREEN

Y = YELLOW DW = DON'T WALK

NOTE IlI—Pin 4 Logic Ground is for special function use only—not
to be used for normal swilching circuit currents. During normal
operation standard load switch functions (as defined in Pant 5) shall not
require a connection to this pin.

Figure 5-3
CONNECTOR PIN ASSIGNMENTS

load switch at temperature of 21°C + 6°C, they shall not
cause the load switch to conduct, as measured with an
oscilloscope.

5. The switch shall turn on within 5 degrees of the
zero voltage point of the alternmating current sinusoid,
except the first turn-on shall occur within 10 degrees of
the zero voltage point. Additionally, the switch shall turn
on within one cycle following the application of the input
signal. The switch shall tarn off within 5 degrees of the
zero current point of the altermating current sinusoid.
Additionally, the switch shall turn off within one cycle
following removal of the input signal.

6. Each load switch shall have isolation between all
inputs (pins 6, 8, 9, and 10) and all outputs (pins 1, 3, 5,
and 7) of at least 2000 volts dc and at least 100 megohms
resistive.

7. LOGIC GROUND shall not be connected to either
CHASSIS GROUND or ac COMMON within the unit.

8. CHASSIS GROUND shall not be connected to
either LOGIC GROUND or ac COMMON within the
unit.
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9. The metal enclosure and handle of the load
switches shall be connected to CHASSIS GROUND
within the unit.

10. The load switch shall perform all of its defined
functions when supplied from a 24 = 2 volt dc source.

5.1.3 Input Electrical Characteristics

1. All inputs shall be negative true logic which is
referred to the common of the 24-volt supply and which
is characterized by the following:

a. The transition zone of the input circuitry
from the conducting state to the non-conductive state
fand vice versa) shall occur between 6 and 16 volts.

b. A voltage between 0 and 6 volts shall cause
the output device to conduct.

c. A voltage greater than 16 volts shall cause the
output device not to conduct.

2. In absence of an input signal, the voltage at the
input shall rise to the level of the + 24 VDC supply when
the input is connected to this supply through an external
10K ohm resistor.

3. The load switch shall not draw more than 20
milliamperes from a +26VDC supply unless more than
one circuit is energized in which case it shall not draw
more than 20 milliamperes times the number of circuits
energized. (Consideration should be given to the 500
milliamperes current capacity of the +24VDC supply of
the controller unit when changing from load switches
without indicators to load switches with indicators. (This
sentence has been classified as Authorized Engineering
Information 5-18-1983.)

Information 5-18-1983.)

4, Each input circuit of the load switch shall have

reverse polarity protection.

5.1.4 Output Electrical Characteristics

1. The output current through the load switch when
the load switch is in the off state shall not exceed 20
milliamperes peak at 135VAC.

2. Each load switch output shall have a peak stand-
off voltage of 500 volts or greater.

3. Each load switch output shall have a dv/dt rating
of at least 100 volts per microsecond when measured at
room temperature using the circuit in Figure 5-4.

4. Each switching circuit shall have a minimum rat-
ing of 10 amperes RMS for either tungsten lamp loads or
power factor corrected gas tubing transformer loads
(power factor greater than 0.8) over a voltage range of 95
to 135 volts at 60 Hertz. Additionally, each load switch
shall be capable of switching currents as low as 50
milliamperes. The load switch shall be rated for 10
amperes total continuous load divided between the cir-
cuits in any proportion, and additionally each circuit
shall be capable of continuously conducting 10 amperes.
These ratings shall be for operation in still air when the
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load switch is oriented as normally mounted.

5. Each load switch circuit shall be designed to
switch a 1200 watt tungsten Jamp load operating from a
120 VAC source for a minimum of 10 million operations.

6. Each load switch circuit shall be capable of with-

standing a one second surge current of 40 amperes RMS
at 60 Hertz.

7. Each load switch circuit shall withstand a one
cycle surge current of 175 amperes RMS (247.5 peak) at
60 Hertz.

NEMA Standard 5-18-1983.

0-50 QHMS Ry 10 OHMS

R
© Bl
GENERATOR

Figure 5-4
PIV AND DV/DT TEST CIRCUIT

TEST PROCEDURE FOR PIV AND DV/DT TESTING

1. With the power removed from the load, connect pins 1 (AC+)
and 11 (AC—) of the load switch to terminal A of the test circuit.

2. Connect terminal B of the test circuit to pin 3 (Circuit A) of the
load switch.

3. Set Vp to 500 vdc.

4. Decrease R; until the load switch output conducts or the value of
R; reaches zero. If the load switch starts conducting when the test
pulse is applied, back R, off slightly 10 a higher resistance point
above which the load switch does not conduct. Conduction of the
load switch circuit due to either PIV or dv/dt can be obse-ved by
a flickering or dipping of the Yp meter.

5. Measure the time required for the wave form at points x-x to reach
200 volts de-dv/db = 200/time measured.

6. Repeat the test steps 4 and 5 with terminals A and B of the test
circuit reversed.

7. Connect terminal B of the test circuit to pin 5 (Circuit B) of the
load switch and connect terminal A of the test circuit to pins | and
11 of the load switch,

8. Repeat steps 3 through 6 for circuit B of the load switch.

9. Connect terminal B of the test circuit to pin 7 (Circuit C) of the
load switch and connect terminal A of the test circuit to pins 1 and
11 of the load switch.

10. Repeat steps 3 through 6 for cireuit C of the load switch,

Circuit Notes:

1. R, and R, shall be low inductance resistors such as carbon pile
devices.

2. The load connected to x-x shall be between 500k ohms and 250
megohms (resistive).
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Section 6
CONFLICT MONITORS

The standards in Section 6 respond to the need for a combination SIGNAL CONFLICT AND VOILTAGE MONITOR
capable of interchangeability between units of different sources of manufacture,

The CONFLICT MONITOR shall detect the presence of conflicting signal indications and the absence of proper
voltages at the RED signal field connection terminals, It shall also be capable of monitoring for the presence of
satisfactory operating voltages of the controller unit and also within itself.

It is further anricipated that the CONFLICT MONITOR upon sensing conflicting signals or unsatisfactory operation
voltages will cause the transfer of the signals to a FLASHING INDICATION, and that the controller assembly will be
wired in such a manner as to provide FLASH TRANSFER if the unit is removed from service.

The standards in Part 6 describe the following four types of CONFLICT MONITORS:

Type 3 —Having three input channels preprogrammed for channel mutual noncompatibility.

Type 6 —Having six fully programmable input channels.

Type 12—Having 12 fully programmable input channels,

Type 18—Having 18 input channels fully programmable.

Each channel consists of four 120-volt alternating-current inputs—GREEN, YELLOW, WALK, and RED.

6.1 BASIC CAPABILITY

The SIGNAL MONITOR portion of the CONFLICT
MONITOR shall be capable of monitoring conflicting
signal indications at the field connection terminals in the
controller assembly. For purpose of conflict determina-
tion, a signal on any of the GREEN, YELLOW, or
WALK inputs associated with a channel shall be consid-
ered as that channel being in service.

It shall also detect the absence of any required RED
signal voltage at the ficld connection terminals in the
controller assembly. For this purpose a signal on any of
the GREEN, YELLOW, WALK, or RED inputs associ-
ated with a channel shall be considered as that channel
being in service.

The VOLTAGE MONITOR portion of the CONFLICT
MONITOR shall be capable of monitoring the CON-
TROLLER UNIT voltage monitor output which indicates
satisfactory operating voltage in the controller unit and
the + 24-volt direct-curtent inputs.

. NEMA Standard 5-15-1978.

6.2 ACCESSIBILITY
All operating circuitry and components within the
CONFLICT MONITOR shall be readily accessible for

maintenance. )
NEMA Standard 5-15-1978.

NEMA Standard 5-15-1978.

6.3 MATERIAL AND CONSTRUCTION OF
PRINTED CIRCUIT ASSEMBLIES

All printed circuit boards shall be made from NEMA
(FR-4) glass epoxy, or equivalent (see NEMA Standards
Publication No. LI-1, Industrial Laminated Thermoset-
ting Products). Circuit boards exceeding 2 inches in any
dimension shall have a nominal thickness of at least '/,
inch. Circuit boards not exceeding 2 inches in any dimen-
sion shall have a nominal thickness of at least '/3; inch.

The walls of all plated through holes shall have a
minimum copper plating thickness of 0.001 inches. All
circuit tracks shall have a conductivity equivalent to at
least 2 ounces per square foot of copper. All electrical
mating surfacess shall be made of noncorroding material,

The unit shall be designed so that each component is
identified by a circuit reference symbol. This identifica-
tion shall be affixed to the printed circuit boards(s), the
cover of the unit, or in an assembly drawing provided with
the unit.

NEMA Standard 5-15-1978.
6.4 CONNECTORS

All inputs and outputs, including power, shall enter the
unit through a front panel connector. The connectors shall
conform to the provisions of Military Specification MIL-
C-26482. Connector pin terminations shall conform with
the tabulation listed under 6.27. :

NEMA Standard §-15-1978.
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65 SIZE

The overall dimensions of the CONFLICT MONI-
TOR, including mating connector(s) and harness. shall
not exceed the following:

Dimensions, Inches

Type No. Width Height Depth
3 4'4 7 11
6 44 10%4 11
12 44 10Va 11
18 6 10Va 11

NEMA Standard 4-7-1983.

6.6 ENVIRONMENTAL REQUIREMENTS

The CONFLICT MONITOR shall perform its spec-
ified functions under the conditions set forth in Part 2,
Environmental Standards and Test Procedures for Solid
State Traffic Controller Assemblies, except when spec-
ified otherwise in this standacd,

NEMA Standard 5-15-1978.

6.7 POWER INPUTS

The CONFLICT MONITCR shall have the following
inputs for the application of power:

6.7.1 AC+ (Line Side)

The fused side of 120-volt alternating-current 6C-hertz
power source. This input shell be employed to generate
the voltages required to operate the monitoring logic.

6.72 AC- (Common)

The unfused and unswitched return side of 120-volt
alternating-current 60-hertz power source taken from the
neutral (ground) output of AC power source. This input
shall be the reference signal “or all traffic signal voltage
sensing inputs. This input shall not be connected to
LOGIC GROUND or CHASSIS GROUND within the
unit.

NEMA Standard 5-15-1978.

6.8 CHASSIS GROUND

The CONFLICT MONITOR shall have an inpiat ter-
minal providing an independent connection to the chassis
of the unit. CHASSIS GROUND stall be electrically
connected to the connector shell(s). This input shall not
be connected to the LOGIC GROUND or AC— (com-
mon) within the unit.

NEMA Standard 4-7-1983.

6.9 LOGIC GROUND

A voltage reference point and current return for the
RESET input, CONTROLLER VOLTAGE MONITOR
input, +24V MONITOR I input, +24V MONITOR 11
input, and 424V MONITOR INHIBIT input logic cir-
cuits. This termination shall not be connected to either
the AC— (common) or CHASSIS GROUND within the
unit,

NEMA Standard 5-15-1978.

6.10 CONTROL INPUTS

The RESET input, CONTROLLER VOLTAGE
MONITOR input and + 24V MONITOR INHIBIT input
shall conform to the provisions of 13.2.

NEMA Standard 5-15-1978,

6.11 SENSING OF TRAFFIC SIGNAL DISPLAYS

Four inputs shall be provided for each channel to
permit the monitoring of voltages at vehicle GREEN,
YELLOW, RED, and WALK signal field terminals. The
unit shall be designed so that it shall not be necessary to
terminate unused GREEN and YELLOW and WALK
signal sensing inputs when the impedance to AC+ of
each of these inputs is less than the equivalent of 1500
picofarads (pf) between the lead and AC+ as measured
at the input of the unit.

When the circuit connected to the sensing input of the
unit exhibits high impedance characteristics such as
caused by dimmers or burned out lamps, it may be
necessary to place a low impedance device external to the
unit between the unit input and AC — (common) {Autho-
rized Engineering Information 4-7-1983).

All unused RED signal inputs shall be terminated to
AC+.

A GREEN, YELLOW, or WALK signal input shall be
sensed when it exceeds 25 volts alternating current and a
signal input shall not be sensed when it is less than 15
volts alternating current. (Signals between 15 and 25
volts alternating current may or may not be sensed.) Both
positive and negative half wave signals shall be sensed.
A RED signal input shall require the presence of 60 £ 10
volts alternating current at the ficld terminal to satisfy the
requirements of a RED signal indication.

NEMA Standard 5-15-1978.



6.12 CONFLICT MONITORING

When voltages on any conflicting channels are present
concurrently for 450 milliseconds or. more, the CON-
FLICT MONITOR shall trigger. When two signals in
conflict with one another are sensed concurrently for less
than 200 milliseconds, the CONFLICT MONITOR shall
not trigger.

Signals in conflict sensed for 200 milliseconds or
more but less than 450 milliseconds may or may not
cause the CONFLICT MONITOR to trigger (Authorized
Engineering Information 4-7-1983).

When the CONFLICT MONITOR triggers, it shall
cause two sets of isolated Form C relay contacts on the
OUTPUT relay within the unit to transfer, and these
contacts shall remain in this state until the unit is reset by
the activation of a front panel control or the activation of
the RESET input.

Power interruption shall not reset the CONFLICT

MONITOR when it has been triggered by a conflict prior
to the power interruption.
NEMA Standard 5-15-1978.

6.13 RED MONITORING

The CONFLICT MONITOR shall be capable of
monitoring for the absence of voltage on all of the inputs
of a channel. If an output is not present on at least one
input of a channel at all times, the unit shall begin timing
the duration of this condition. If this condition exists for
less than 700 milliseconds, the unit shall not trigger. If
the condition exists for 1000 milliseconds, or more, the
unit shall trigger.

If this condition exists for 700 milliseconds or more
but less than 1000 milliseconds, the unit may or may not
trigger (Authorized Engineering Information 4-7-1983).

When the unit triggers, it shall cause the OUTPUT
relay contacts to transfer. These contacts shall remain in

this state until the unit is reset by the activation of the
front panel control or the activation of the RESET input.
Power interruption shall not reset the CONFLICT
MONITOR when it has been triggered by detection of

absence of RED.
NEMA Standard 5-15-1978.

6.14 VOLTAGE MONITORING

The CONFLICT MONITOR shall include a voltage
monitor capable of monitoring two + 24-volt direct-cur-
rent sources applied to its two +24 VOLT MONITOR
inputs and a true state signal applied to its CONTROL-
LER VOLTAGE MONITOR input. Absence of the
proper voltage level at any of the inputs shall cause the

TS 1-1989
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unit to transfer the OUTPUT RELAY contacts. Restora-
tion of all proper voltage levels shall reset the VOLTAGE
MONITORING portion of the CONFLICT MONITOR.

6.14.1 +24-Volt Direct-current Supply Monitor

A voltage greater than + 22 volts applied to both of the
+24 VOLT MONITOR inputs shall be recognized by
the unit as adequate for proper operation of the controller
assembly.

NEMA Standard 4-7-1983.

If only one +24-volt direct-current supply is
monitored, the two +24 VOLT MONITOR inputs
should be jumpered and connected to that + 24-volt
direct-current supply.

Authorized Engineering Information 4-7-1983,

A voltage less than + 18 volts direct current applied to
either of the +24 VOLT MONITOR inputs shall be
recognized by the unit as inadequate for proper operation
of the controller assembly. This shall cause transfer of the
OUTPUT relay contacts.

Over the voltage range of 0 to + 30 volts direct current
the maximum current “in™ or “out” of the +24 VOLT
MONITOR input terminals shall be less than 10 milliam-
peres. The input impedance to these terminals shall not
exceed 11 kilohms to 0 volts direct current (Logic
Ground); and surge impedance shall not be less than 100
ohms.

6.14.2 + 24-Volt Monitor Inhibit (Input)

Application of a “true” (low) state to this input shall
inhibit the operation of the two +24 VOLT MONITOR
inputs.

6.14.3 Controller Voltage Monitor Input

The CONFLICT MONITOR shall include an input
from the controller unit (CONTROLLER UNIT VOLT-
AGE MONITOR output). Absence of the “true™ (low)
state on this input is an indication of improper operating
voltages within the controller unit, and shall cause trans-
fer of the unit OUTPUT relay contacts.

NEMA Standard 4-7-1983.

This input may be held in a low state (connected to

' LOGIC GROUND) for applications where this input is

not available.
Authorized Engineering Information 4-7-1983.
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6.15 RESET

Activation of the RESET pushbutton or the RESET
input shall cause the two Form C OUTPUT relay contacts
to transfer to the reset condition for the duration of either
of these inputs. Removal of both of these inputs shall
leave the unit in the reset condition only if there are no
signal conflicts, no red monitoring failure, and nc volt-
age monitoring failures.

NEMA Standard 5-15-1978.

The only intended purpose for the reset input is to
facilitate automatic testing.
Authorized Engineering Information 4-7-1983.

6.16 OUTPUT

The OUTPUT relay of the CONFLICT MONITOR
unit shall have two sets of isolated Form C contacts,
These relay contacts shall be capable of switching all
loads in the range from 2 milliamperes at 18 volts direct
current to 2 amperes at 135 volts alternating current.

The open circuit of the OUTPUT relay shall be the
circuits which are open when the unit is in the “no
conflict” state and afl voltages are sufficient for proper
operation of the controller assembly.

NEMA Standard 4-7-1983,

6.17 MONITOR UNIT POWER FAILURE

The CONFLICT MONITOR unit shall, in addition to
the operation described under voltage monitoring, be
responsive to voltage failure within itself in the same
manner as the unit responds 1o a VOLTAGE MONITOR
failure—whether it is the result of overcurrent protection
device operation, absence of AC~+, or failure of the unit

power supply.
NEMA Standard 4-7-1983.

6.18 INDICATORS

The minimum indicators shall be as follows:

1. Trigegering of the conflict monitoring portion of
the unit.

2. Triggering of the RED monitoring portion of the
unit.

3. Operation of the voltage monitoring portion of the
unit.

4. One per channel which indicates the presence of
an active GREEN, YELLOW, or WALK input on that
channel. The channel indicator display shall latch when
the conflict monitoring portion of the unit triggers.

The displays specified in 1, 2, and 4 shall be re-ained

in their latched state until the unit is reset or power
interruption occurs.
NEMA Standard 4-7-1983.

6.19 CONTROLS

The CONFLICT MONITOR shall have a front panel
control for manual reset.
NEMA Standard 4-7-1983.

6.20 OVERCURRENT PROTECTION

The CONFLICT MONITOR shall have a front panel
mounted overcurrent protection device in the 120-volt
alternating-current input to the unit.

NEMA Standard 5-15-1978,

6.21 PROGRAMMING

The programming of the CONFLICT MONITOR is
dependent upon the specific type of unit—i.e., Type 3,
Type 6, ete.

Type 3 —The three-channel unit with four inputs per
channel. These three channels are preprogrammed for
mutual noncompatibility.

Type 6 —The six-channel unit with four inputs per
channel, These six channels are fully programmable for
the specific application.

Type 12—The 12-channel unit with four inputs per
channel, These twelve channels are fully programmable
for the specific application.

Type 18—The 18-channel unit with four inputs per
channel. These eighteen channels are fully programma-
ble for the specific application.

CONFLICT MONITORS which are fully programma-
ble shall require a programming action to provide com-
patibility between channels. Programming may be ac-
complished by one of the following means:

1. An interchangeable PROGRAMMING CARD,
using a printed circuit board programmed through the
use of soldered wire jumpers (Figures 6-1 and 6-2), may
be used with Type 6 or Type 12 units.

2. Aninterchangeable PROGRAMMING CARD,
using a printed circuit board programmed through the
use of soldered wire jumpers (Figures 6-3 and 6-4), may
be used with Type 18 units.

NEMA Standard 4-7-1983.

6.22 CABINET INTERLOCK

The CONFLICT MONITOR shall have two terminals
internally connected (#22AWG jumper) to indicate the
presence of the unit to the external circuitry. These termi-
nals shall be identified as CABINET INTERLOCK A
and CABINET INTERLOCK B.

NEMA Standard 5-15-1978.
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Figure 6-1

PROGRAMMING BOARD FRONT VIEW

NOTES:

[

4&7, and4 & 8.

Material: FR4 0.062" thick.

Nowaw

The jumpers are #22 AWG bus wire 0.2
The handle is Vero #CH/C10037 or equivalent.

. The connector has 36 double readout positions at 0.125 centers.
The programming shown is for a standard NEMA 8 phase controller without overlaps. The 8 NEMA pl
1 through 8 showing jumpers for the following combinations of compatible phases: 1 & 5, 1 &6,2&5,2&6,3&7, 3 &8,

long.

. There are 132 0.043" dia holes for programming jumpers.
. One side of each jumper is brought out to the common pins 69 &70.

hases are phases

These notes have been classified as Authorized Engineering Information 5-15-1978.
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Figure 6-2
CONNECTOR REAR VIEW
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Figure 6-3
PROGRAMMING BOARD FRONT VIEW
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Figure 6-4
CONNECTOR REAR VIEW
NOTES: 1. Connectors have 40 double readout positions on 0,100 centers.
2, Connectors are Texas Instrument Part. No. H3111.40, or equivalent. Mounting ears to be cut off.
3. Jumpers are #22 AWG bus wire 0.2” long.
4. Handle is Vero #CH/C/10037 or equivalent.
5. Matrial: FR4 0.062" thick.
6. There are 306 0.43" dia holes for programming jumpers.
7. One side of each jumper is brought out to the common pins 157 & 158.

These notes have been classified as Authorized Engineering Information 5-15-1978.
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6.23 RED MONITOR ENABLE

Presence of AC + at this input enables the CONFLICT

MONITOR to detect the absence of RED indications.

Absence of AC+ inhibits the detection of the absence of

RED indication.
NEMA Standard 5-15-1978.

6.24 AC+ INPUT I

This AC+ input to the CONFLICT MONITOR pro-
vides AC power for this unit. AC+ input II shall be

jumpered internally to AC+ input I.
NEMA Standard 5-15-1978.

MINIMUM FLASHING INDICATION AFTER
POWER INTERRUPTION TO THE CON-
TROLLER ASSEMBLY

The CONFLICT MONITOR shall include a means of
monitoring the absence of AC+ input to the unit. When
the duration of power interruption exceeds 475 *25
milliseconds, the unit shall deenergize its OUTPUT re-
lay. The deenergized state of the OUTPUT relay shall be
maintained for a timed interval following restoration of
power to the AC + input. The duration of this interval
shall be adjustable between the limits of 4 seconds and
10 seconds with repeatability of 1 second and with a
maximum incremental adjustment of 1 second.

NEMA Standard 5-15-1978.

6.25

The operation of the OUTPUT relay normally results
in the transfer of the signal to a FLASHING INDICA-
TION. Upon completion of the timing of the minimum
flash interval, the controller unit will start up in its
initialization sequence and the signalization will return to
its normal operation unless the CONFLICT MONITOR
had been previously triggered by detection of a conflict
or absence of red.

Authorized Engineering Information 4-7-1983.

6.26 START-DELAY CONTROL

The CONFLICT MONITOR shall include a means of
sensing the absence of AC+ input to the unit. Upon
restoration of power following a power interruption

TS 1-1989
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which exceeds 475 = 25 milliseconds, a START-DE-
LAY relay shall cause continuity to occur between its
common and its open contacts for a period of 2-Y2% 1
seconds. Following this 2-Y2+ 1 seconds period of time,
the START-DELAY relay shall cause continuity to occur
between its common and closed contacts.

The START-DELAY relay shall have a Form C relay
output contact. These relay contacts shall be capable of
switching all loads in the range from 2 milliamperes at 18
volts direct current to 3 amperes at 135 volts alternating

current.
NEMA Standard 4-7-1983.

The operation of the START-DELAY relay normally
results in initiating a start-up sequence within the con-
troller unit by interrupting the AC+ input to the controller
unit.

Authorized Engineering Information 4-7-1983.

6.27 PIN ASSIGNMENTS

Input-output pin terminations shall conform with the
following tabulations.

If additional input-output terminations are required to
allow for the inclusion of additional functional ca-
pabilities, such terminations shall be provided on an
additional connector which shall not be interchangeable
with another connector on the face of the CONFLICT
MONITOR. The provision of these additional ca-
pabilities shall not modify the operating capabilities of
the unit when the additional input-output connector is
disconnected.

Open contacts of the OUTPUT relay are the contacts
which are open when the CONFLICT MONITOR is in
the no conflict state and all voltages are sufficient for
proper operation of the controller assembly.

Type 3—Connector Shall Mate with MS 3116 20418
AC+ 1 (Jumpered Internally to AC+ II)

AC+ II Input (Refer to 6.24)

Output Relay 1 Common

Output Relay 1 Open (closes when fault occurs)
Output Relay 2 Common

Output Relay 2 Closed (opens when fauit occurs)

mEmoQw s
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Start-delay Relay Common

Start-delay Relay Open (closes during start
delay period)

Channel 3 Green

Channel 3 Yellow

Channel 2 Green

Channel 2 Yellow

Channel 1 Green

Channel 1 Yellow

Channel 1 Walk

+ 24V Monitor 11

Controller Voltage Monitor

+24V Monitor I

Logic Ground

Chassis Ground

AC-

Cabinet Interlock A

Output Relay 1 Closed (opzns when fault
occurs)

Output Relay 2 Open (closzs when fault
occurs)

Start-delay Relay Closed (open during start
delay period)

Channel 3 Walk

Channel 3 Red

Channel 2 Walk

Channel 2 Red

Channel 3 Red

Reset

Red Enable

+ 24V Monitor Inhibit

Spare 1

Cabinet Interlock B

Spare 2

Spare 3

Spare 4

Spare 5

Spare 6

Spare 7

Type 6—Connector Shall Mate with MS 3116 22-55 SY

v awp»

m

Qm

AC+I (Jumpered [nternally to AC+1I)

AC+II Input (Refer to TS 1-6.24)

Output Relay 1 Open (closes when fault
occurs)

Output Relay 2 Closed (opens when fault
occurs)

Start-delay Relay Open (closes during start
delay period)

Channel 6 Green

Channel 6 Red

NHEXELC S @oZErR X

neesdre R moan o

w
.

NEME<Pp

Channel 5 Green

_ Channel 4 Green

Channel 4 Red

Channel 3 Green
Channel 2 Green
Channel 2 Red

Channel 1 Green

Red Enable

+ 24V Monitor 1

Logic Ground

Chassis Ground

AC—

Cabinet Interlock B
Output Relay 1 Common
Output Relay 2 Common
Output Relay 2 Open (closes when fault

occurs)

Start-delay Relay Common

Channel 6 Yellow

Channel 5 Yellow

Channel 5 Red

Channel 4 Yellow

Channel 3 Yellow

Channel 3 Red

Channel 2 Yellow

Channel 1 Yellow

Channel 1 Red

+ 24V Monitor II

Controller Voltage Monitor

+ 24V Monitor Inhibit

Cabinet Interlock A

Spare |

Output Relay 1 Closed (opens when fault
oceurs)

Start-delay Relay Closed (open during start
delay period)

Channel 6 Walk

Channel 5 Walk

Channel 4 Walk

Channel 3 Walk

Channel 2 Walk

Channel 1 Walk

Reset

. Spare 2
. Spare 3
. Spare 4
. Spare §
. Spare 6
. Spare 7
. Spare 8
. Spare 9



Type 12—Connector A Shall Mate with MS 3116
22-55 §Z

A. AC+I (Jumpered Internally to AC+1I)

B. Output Relay 1 Open (closes when fault
occurs)

Output Relay 2 Closed (opens when fault
oceurs)

Channel 12 Green

Channel 11 Green

Channel 10 Green

Channel 9 Green

Channel 8 Green

Channel 7 Green

Channel 6 Green

Channel 5 Green

Channel 4 Green

Channel 3 Green

Channel 2 Green

Channel 1 Green

+ 24 Monitor 1

Logic Ground

Chassis Ground

AC~—

Output Relay 1 Common

Output Relay 2 Common

Channel 12 Yellow

Channel 11 Yellow

0

NXXELCHwADZEr A~ Z0Ommy

Channel 10 Walk

Channel 10 Yellow

Channel 9 Yellow

Channel 8 Yellow

Channel 7 Yellow

Channel 6 Yellow

Channel 5 Yellow

Channel 3 Yellow

Channel 3 Walk

Channel 2 Yellow

Channel 1 Yellow

Controller Voltage Monitor

+ 24V Monitor Inhibit

Output Relay 1 Closed (opens when fault
ocecurs)

Output Relay 2 Open (closes when fault
occurs)

Channel 12 Walk

Channel 11 Walk

Channel 9 Walk

Channel 8 Walk

Channel 7 Walk

Channel 5 Walk

Channel 4 Yellow

Channel 2 Walk

Channel 1 Walk

PPEBrRc R moanTs

=

NS X ELE -9 o0

AA.
BB.
. Cabinet Interlock A
DD.
. Channel 6 Walk
. Channel 4 Walk
. Spare 2

HH.
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Spare |
Reset

Cabinet Interlock B

Spare 3

Type 12—Connector B Shall Mate with MS 3116
16-26 §

NNXE< CHoRPIZErA~TQmmY O

& &

AC+ II Input

Start-delay Relay Common

Start-delay Relay Open (closes during start
delay period

Channel 12 Red

Channel 11 Red

Channel 9 Red

Channel 8 Red

Channel 7 Red

Channel 6 Red

Channel 5 Red

Channel 4 Red

Channel 2 Red

Channel 1 Red

Spare 1

+ 24V Monitor 11

Spare 2

Spare 3

Start-delay Relay Closed (open during start
delay period

Channel 10 Red

Spare 4

Spare 5

Spare 6

Channel 3 Red

Red Enable

"Spare 7

Spare 8

Type 18—Connector A SHall Mate With MS 3116
24-16 61 SZ

A,
B.

C.

AC+ Input

Output Relay 1 Open (closes when fault
occurs)

Output Relay 2 Closed (opens when fault
occurs)
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D.
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SErpanR9P Fe-Fennpanos

£

AA.
BB.
CC.
DD.
EE.

Start-delay Relay Open (closes during start
delay period)
Channel 8 Green
Channel 8 Yellow
Channel 7 Green
Channel 6 Green
Channel 6 Yellow
Channel 5 Green
Channel 5 Yellow
Channel 4 Green
Channel 4 Yellow
Channel 3 Green
Channel 3 Yellow
Channel 2 Green
Channel 2 Yellow
Channel 1 Green

Reset

+ 24V Monitor 11
Controller Voltage Monitor
+ 24V Monitor [

Logic Ground

Chassis Ground

AC -

Output Relay 1 Common

Cutput Relay 2 Common

Start-delay Relay Common

Channel 8 Walk

Channel 7 Walk

Channel 7 Yellow

Channel 6 Walk

Channel 5 Walk

Channel 4 Red

Channel 4 Walk

Channel 3 Walk

Channel 2 Walk

Channel 1 Walk

Channel 1 Yellow

Red Enable

Cabinet Interlock A

+ 24V Monitor Inhibit

Cutput Relay 1 Closed (opens when fault
occurs)

Cutput Relay 2 Opzn (closes when fault
oceurs)

Start-delay Relay Closed (open during s'art
delay period)

Channel 8 Red

Channel 7 Red

Channel 6 Red
Channel 5 Red
Channel 3 Red
Channel 2 Red
Channel 1 Red

FF.
GG.
HH.
I
KK.
LL.
MM.
NN.

PP.

Spare 1
Spare 2
Spare 3
Spare 4
Spare §
Spare 6
Spare 7
Spare 8

Cabinet Interlock B

Type 18—Connector B Shall Mate with MS 3116
20-41-SW

~rrnePrlremrmmoanre NKXE<CHuPEn ZErA-TZ0mmUo®y

Channel 18 Green
Channel 18 Yellow
Channel 17 Green
Channel 17 Yellow
Channel 16 Green
Channel 16 Yellow
Channel 15 Green
Channel 15 Yellow
Channel 14 Green
Channel 14 Yellow
Channel 13 Green
Channel 13 Yellow
Channel 12 Green
Channel 12 Yellow
Channel 11 Green
Channel 11 Yellow
Channel 10 Green
Channel 10 Yellow
Channel 9 Green

Channel 9 Yellow

Channel 18 Walk

Channel] 17 Walk

Channel 16 Walk

Channel 16 Red
Channel 15 Walk
Channel 14 Walk
Channel 13 Walk
Channel 13 Red
Channel 12 Walk
Channel 11 Walk
Channel 10 Walk
Channel 10 Red
Channel 9 Walk
Channel 18 Red
Channel 17 Red
Channel 15 Red
Channel| 14 Red
Channel 12 Red
Channel 11 Red
Channel 9 Red

spare

NEMA Standard 4-7-1983.
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Section 8
SOLID STATE FLASHERS

These standards define solid-state flashers which are used to periodically interrupt a source of alternating-current
line power for the purpose of providing flashing traffic signals. For the purpose of these standards, the term “solid
state” shall be construed to mean that the main curren! to the signal load is not switched by electro-mechanically

operated contacts.

8.1 TYPES OF FLASHERS

Flashers shall be one of the following types:
Type 1—20 amperes, single-circuit.
Type 2—10 amperes, dual-circnit.
Type 3—15 amperes, dual-circuit.
NEMA Standard 7-12-1978.

8.2 PHYSICAL CHARACTERISTICS

8.2.1 The overall dimensions of the flasher shall not
exceed B.75 inches from the panel surface holding the
mating connector, including any handle or gripping
device. The flasher shall be no more than 1.9 inches in
width and no more than 4.2 inches high.

8.2.2 The flasher shall intermate with a Cinch-Jones
socket type S-406-5B or equivalent.

8.2.3 The flasher shall be so constructed that its lower
surface will be no more than 2,100 inches below the
centerline of the connector configuration.

8.2.4 Be 50 constructed that no part of it will extend
more than 0.900 inch to the left and 1.100 inches to the
right of the centerline of the connector pin configuration
as viewed from the front. See Figure 8-1.

8.2.5 Be so constructed that personnel inserting or
removing the module will not be exposed to live parts nor
be required to insert either their hands or fingers into a
load rack.

8.2.6 All printed circuit boardss shall be made from
(FR-4) glass-epaxy, or equivalent (see NEMA Standards
Publication No. LI 1, Industrial Laminated Thermoset-
ting Products). Circuit boards exceeding 2 inches in any
dimension shall have a nominal thickness of at least /¢
inch. Circuit boards not exceeding 2 inches in any dimen-
sion shall have a nominal thickness of at least /3, inch.

‘NEMA Standard 7-12-1978.

The walls of all plated through holes shall have a
minimum copper plating thickness of 0.001 inch. All
circuit tracks will have a conductivity equivalent to at
least 2 ounces per square foot of copper. All electrical
mating surfaces shall be made of non-corrosive material.

The unit shall be designed so that each component is
identified by a circuit reference symbol. This identifica-
tion may be affixed to the printed circuit board(s), the
cover of the unit, or in an assembly drawing provided
with the unit.

NEMA Standard 7-12-1978.

TYPICAL FLASHER LOCATION

| | nor
LESS
THAN
2.10
BE
""?3 10"""""""' -1 ¢
[11 ] 12} |
2.100
'I 2.150
--0.900>T< 1,106 =
|

. Figure 8-1
MOUNTING RACK DIMENSIONS

NOTE—All Dimensions in Inches.
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8.3 ELECTRICAL CHARACTERISTICS

Flashers shall have the following e ectrical characteris-
tics:

8.3.1

The rating of the output circuit shall be the minimum
rating for a tungsten-lamp or gas-tubing-transformer load
over a voltage range of 60 to 135 volts at 60 hertz and
shall not be derated for operation over the ambient tem-
perature range of — 30° to + 165°F (— 34° to 74°C) and
the humidity range as both detailed in 2,1.5.

8.3.2

Input to the solid-state flasher shall consist sclely of
the 60-hertz alternating-current power source. This input
shall supply the power for the output circuit and also
provide power to the flasher logic. The flasher shall turn
on within 5 degrees of the zero voltage point of the
alternating-current line sinusoid and shali turn off within
5 degrees of the zero current point of the alternating-
current line sinusoid. The flasher need not turn on within
5 degrees of the zero poirt of the alternating-current
sinusoid for the first flash cycle (on-off cycle) after the
initial application of alternating-current power to the
flasher.

0-50 OHMS

TEST PRCCECURE

1. Connect pins 10 and 11 of the flasher.
2. Set Vp to 500 Vde.
3

8.3.3

The “flashing” voltage output shall provide not less
than 50 nor more than 60 flashes per minute with an on
period of 50 x 5 percent.

8.34

The flasher output shall have a dv/dt rating of 100 volts
per microsecond at 70°F (21°C), when tested as shown in
Figure 8-2,

83.5

The flasher output shall have a peak stand-off voltage
of 500 volts or greater at 70°F (21°C), when tested as
shown in Figure 8-2.

8.3.6

The output current from the flasher through the load
when the flasher is in the off state shall not exceed a
maximum of 15 milliamperes rms.

NEMA Standard 4-7-1983.

8.4 TYPE 1 FLASHER, SINGLE-CIRCUIT, 20
AMPERES

8.4.1 Electrical Characteristics

The electrical characteristics shall be the same as
given in 8.3, and in addition:

Ra 10 OHMS

T0
PIN 11 (AC+) AND
PIN 10 (AC-)

TO
PIN 7 (LOAD
CIRCUIT #1)
CR PIN 8
(LOAD
CIRCUIT #2)

. Decrease Ry -until the flasher generates an output or the minimum resistance is reached. If the flasher
fails, back off Ry slightly to a higher resistance point at which the flasher just passes.
4. Measure time required for wave at points XX to reach 200 volts—dv/dt = 200/time measured. -
5. Repeat the test with connector pins A and B reversed.
6

5. NOTES:

a. A failure of the flasher for either dv/dt or PIV will result in the Vp meter dipping or flickering.
b. Ryand Ry are carbon pile resistors (low inductive type.} '

¢. On dual-circuit flashers the above tests must be run on each circuit separately.

d. Load between XX must be between 500 K ohms and 250 megohms (reistive).

Figure 8-2

PIV AND DV/DT TEST CIRCUIT



‘1. The flashing output shall consist of one output
rated at 20 amperes. The combined load connected to
circuit | and circuit 2 shall not exceed 20 amperes.

2. Connector pin assignment shall be as shown in
Figure 8-3.

8.4.2 Flasher Equivalent Circuit Diagram

See Figure 8-4.
NEMA Standard 7-12-1978.

85 TYPE 2 FLASHER, DUAL-CIRCUIT, 10 AM-
PERES PER CIRCUIT

8.5.1 Electrical Characteristics

The electrical characteristics shall be the same as
given in 8.3, and in addition:

1. The flashing output shall consist of two outputs
each rated at 10 amperes.

2. Flashers shall be so designed that circuit #1 will
be essentially ON when circuit #2 is OFF, and vice

LOAD . LOAD
CIRCUIT #2 |3 | CIRCUIT #1
- CHASSIS
AC 10 s GROUND
NO
CONNECTOR | 12 11! AC+
Figure 8-3
CONNECTOR PIN ASSIGNMENTS
SOLID-STATE FLASHERS

(VIEW-CONNECTOR END)

LOAD
CIRCUIT 20—,

e Py

1
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versa. The principal purpose served by this arrangement
is to smooth out the loading on the power source. The
maximum OFF period when both circuit #1 and circuit
#2 are OFF, or the maximum ON period when both
circuit #1 and circuit #2 are ON, shall not exceed 17
milliseconds during the transition from OFF to ON and
ON to OFF

3. Connector pin assignments shall be as shown in
Figure 8-3.

8.5.2 Flasher Equivalent Circuit Diagram

See Figure B-5.
NEMA Standard 7-12-1978.

8.6 TYPE 3 FLASHER, DUAL-CIRCUIT, 15 AM-
PERES PER CIRCUIT

Type 3 flashers shall be the same as Type 2 flashers,
except that the current rating of each output shall be 15

amperes.
NEMA Standard 7-12-1978.

LOAD LOAD
circulT #2& — QO &ircurr #1
;s - HASSIS
M c: © FLDASH #O ERooND
CONNECTOR @ FRATE O AC(+)
Figure 8-4

EQUIVALENT CIRCUIT DIAGRAM
SINGLE-CIRCUIT FLASHER

LOAD
_L,T@cmcuw #1

T~ CHASSI
AC(-) @ FESH #® EROOND
N !
CONNECTER @ RATE © act+)
Figure 8-5

EQUIVALENT CIRCUIT DIAGRAM
DUAL-CIRCUIT FLASHER
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Section 10
TERMINALS AND FACILITIES

These standards define the minimum requirements for terminals and facilities within the cabinet. Specific construction
and performance standards are established for the purpose of achieving greater utility and safety. Clause 10.1 provides
definitions. Clause 10.2 describes mechanical construction requirements. Clause 10.3 describes electrical requirements.

These standards define the performance and construction requirements of cabinet terminals and facilities that are
considered lo be of the attached or nonplug-in type. The emphasis is placed upon electrical requirements, cabling,

supporting terminal facilities, and labeling.

Any tests or procedures referenced in this seciion of the standards publication are intended to facilitate type testing
of equipment designs and are not intended to be performed on all production units.

10.1 DEFINITIONS
10.1.1 Cabinet

An outdoor enclosure designed for base, pedestal or
pole mounting providing protection, support, ventilation
and security for the enclosed facilities and equipment.

NEMA Standard 10-16-1985.

10.1.2 Flash Bus

A flash bus is an act feed supplying flashing power
to the flash-transfer device(s) from &n output of a flasher.
NEMA Standard 10-16-1985.

10.1.3 Ground

An electrical connection between a circuit or piece of
equipment and the earth.
NEMA Standard 10-16-1985.

10.1.4 Logic Ground

Voltage reference point and current return for logic
circuits,
NEMA Standard 10-16-1985,

10.1.5 Primary Feed

The primary feed is the 120 vac single phase input to
the cabinet from the local power distribution systzm. The
primary feed includes the neutral conductor,

NEMA Standard 10-16-1985.

10.1.6 Signal Bus

The signal bus is the ac™t feed supplying power to the
signal load switches from the output of the signal bus
relay.

NEMA Standard 10-16-1985.

Authorized Engineering Information 10-16-1985.

10.1.7 Terminal(s)
A terminal is an electrically conductive member serv-

ing as a junction to electrically connect two or more con-
ductors and to also provide a means to individually con-
nect or disconnect conductors.

NEMA Standard 10-16-1985.

10.2 MECHANICAL CONSTRUCTION

10.2.1 Material

All ferrous metal parts shall be protected against cor-
rosion. All materials shall be moisture and fungus
resistant.

NEMA Standard 10-16-1885.

10.2.2 Terminal Identification

Each electrical terminal within the facilities shall be
uniquely identified and shall be referenced by the cabinet
wiring diagram,

Terminal(s) nomenclature shall be adjacent to the ter-

minal(s). The nomenclature for terminals accessible from
the front of a panel shall be visible from the front of the

panel. Nomenclature shall be permanent and legible.
NEMA Standard 10-16-1685.

10.2.3 Component Identification

All load switches, relays, flasher(s), circuit breakers,
fuses, and switches within the facilities shall be uniquely
identified, and shall be referenced on the cabinet diagram.

Component nomenclature on nonplug-in devices shall
be on or adjacent to the component. Component
nomenclature for plug-in devices shall be adjacent to the
receptacle for the device. Nomenclature shall be perma-
nent and legible.

NEMA Standard 10-16-1885.



10.2.4 Load Switch and Flasher Support

At least one point of support shall be provided to the
load switch or flasher within the area designated as the
area of required support as shown in Figure 10-1. Flasher
and load switch bases shall be mounted so that they are
oriented in the manner shown in Figure 10-2 or 10-3.

LOAD SWITCH =

¢

OF LOAD SWITCH

826" |l
MAXIMUM

TS 1-1989
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At least 50% of the area above and beneath the load
switch or flasher, between %2 and 1'% inches either side
of the centerline of the device, shall be open to allow for
the free flow of air across the load switches or flashers.
There shall be no obstruction within one inch above and

below the units within the open area.
NEMA Standard 10-16-1985.

OR FLASHER
FACILITIES

CYNECT OR

21, - 0.00, + 0.05

LOAD SWITCH OR FLASHER
OUTLINE — SIDE VIEW

LOAD SWITCH OR FLASHER
CONNECTOR END

- 3.0"

le———————B8.0"

AREA OF
LOCATION OF
REQUIRED
| SUPPORT PLANE OF SUPPORT
POINT(S) TO BE PERPENDICULAR

> TO THE PLANE OF THE
MOUNTING SURFACE

————— PLANE OF MOUNTING SURFACE

(FRONT SURFACE OF FACILITIES
CONNECTOR)

ALL DIMENSIONS IN INCHES

Figure 10-1
LOAD SWITCH OR FLASHER SUPPORT
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§-2412-58 CONNECTOR SOCKET (TYPICAL)
{ : (SEE 5.1.1-2INTS 1-5.1.1)

1], |2 NOT LESS
THAN 2.100

CENTERLINE =} = |[—

o| | |0 2.100
T (+0.050)
| 11| | l12 (-0.000)

(). 900 #1=1.100 I

I e o |

NOTE=AIl dimensions in inches.

L= =]

Figure 10-2
FRONT VIEW—LOAD RACK DIMENSIONS

TYPICAL FLASHER LOCATION
1 ]
G ] I
I |
l NOT LESS||
| THAN F
| | | 2.10
7| 8
T B 3
Pty | ¢
|11_ 12l
|

-l0.900-|-l-1 A 00"

{ NOTE—AIll dimensions in inches.

Figure 10-3
FRONT VIEW—FLASHER RACK DIMENSIONS



10.2.5 Field Terminal Blocks

10.2.5.1 GENERAL

Terminals for signal heads, detectors, primary feed, and
interconnections shall meet the requirements of 10.2.5,
including Table 10-1.

Table 10-1
FIELD TERMINALS
Funetion | Terminal Type | Terminal Size | Characteristics
Signal Screw #8 or larger Barrier Block
Feeds 5/16" or longer|10 Amperes min.
Detector Screw #6 or larger Barrier Block
Lead-In 1/4 " or longer
Primary | Compression | Not Applicable | Shall terminate
Feeds as a minimum
one #6 AWG
wire
Earth | Compression | Not Applicable | Shall terminate
Ground as a minimum
one #8 AWG
. wire

"Terminal connections shall be made with slotted head screws,

2The threaded portion of the terminal block shall be metal. Screws and
threaded portions of the terminal block shall be brass or stainless steel,

3Materials used in terminals shall be compatible with copper wire.

*A terminal block shall be capable of withstanding without breakdown
for one minute the application of a 60 Hz sinusoidal potential of 600
volts rms applied to the terminal between live parts that are not con-
ductively interconnected and between live pans and the surface to which
the terminal block is mounted.

3Terminal blocks shall have mechanical characteristics to properly support
wiring without warping the block.

10.2.5.2 NUMBER AND SIZE OF TERMINALS

1. One terminal shall be provided for each load switch

output.

2. It shall be possible to terminate a minimum of 16

#14 AWG or § #10 AWG neutral leads.

3. Three adjacent terminals shall be provided for each

detector channel.

Field installation practices or detector unit design may
require connecting the shield of the loop lead-in cable to
the terminal. (This sentence is approved as Authorized
Engineering Information.)

10.2.5.3 FIELD TERMINAL LOCATIONS

Field terminals shall be located on the lower half of the
back or side of the cabinet. Terminals shall be mounted
not less than six inches from the bottom of the cabinet
in ground or foundation mounted cabinets: This distance
shall be not less than three inches in cabinets mounted
in other configurations. These terminals shall be readily
accessible from the front of the cabinet.

NEMA Standard 10-16-1985.
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10.2.6 Terminal Types and Practices

1. All terminals exposed in normal operation carry-
ing 120 vac shall be covered unless otherwise pro-
tected by recessing or by terminal strip barriers.
This includes all terminals exposed when the front
door of the cabinet is open and all panels and covers
are in their normal operating position.

2. All NEMA functions of the control unit, as spec-
ified in Table 10-2 for the configuration selected,
shall be terminated.

3. All conflict monitor input channels that can be used
to monitor the maximum number ‘of signals
available in a given configuration in Table 10-2 shall
be terminated. Provision shall be made to terminate
any unused red monitoring inputs.

4. The conflict monitor supply, control input and con-
trol output leads actually required to be used in a
particular configuration shall be terminated.

5. Those detector leads actually required to be used
in a particular application shall be terminated.

All other points not enumerated above, including
““spare’’, “‘reserved”, ‘‘manufacturers use only™',
and “‘no connection’’ shall not be required to be in-
stalled in the controller, monitor, or detector
harnesses.

NEMA Standard 10-16-1985.

10.2.7 Load Switch and Flash Transfer
Positions

Wired sockets shall be provided in the quantities listed
in Table 10-2.

It shall be possible to flash either the yellow or red in-
dication on any vehicle movement and to change from one
color indication to the other by use of simple tools without
the need to unsolder or resolder connections. All flash
change terminals shall be accessible from the cabinet door
opening without moving or disconnecting any equipment.

NEMA Standard 10-16-1985.

10.2.8 Auto/Flash Switch

The auto/flash switch shall be accessible to an operator
when the cabinet door is open. The switch shall be rated
by its manufacturer for the voltages and currents that may
be expected to be present in the part of the control circuit
where it is used.

The switch positions shall be labeled ‘‘AUTO”" and
“FLASH”. In the *AUTO’" position, this switch does
not affect the normal operation of the facilities. In the
“FLASH’' position, the signal bus relay and flash transfer
relays shall be de-energized, connecting the output(s) of
the flasher to the appropriate field leads and interrupting
the signal bus supply to the load switches.

NEMA Standard 10-16-1985.
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Table 10-2
WIRED SOCKETS
Required Required Required Required Number Required
Controller | Number of Vehicle | Number of Overfap | - Number of Ped. | of Flash Transformer | Number of Flasher
Configuration |  Unit Size | Load Switch Sackets | Load Switchr Sockets | Load Switch Sockets Relay Sockets Switches
1 2-Phase 2 - 2 1 1
2 4-Phase 4 2 2 3 |
3 4-Phase 4 4 = 4 1
4 4-Phase 4 4 4 4 1
2] 8-Phase 8 = = 4 1
6 8-Phase 8 4 - 6 1
7 8-Phase 8 g 4 4 1
8 8-Phase 8 -+ 4 6 1

10.3 ELECTRICAL REQUIREMENTS

10.3.1 AC Service

The facilities shall operate properly when supplied with
single-phase ac power, 95-135 volts, 60 + 3 Hz.
NEMA Standard 10-16-1985.

10.3.2 Power Distribution Within Cabinet
(See Figure 10-4).

10.3.2.1 GROUNDING SYSTEM

The grourding system in the cabinet shall be divided
into three separate and distinct circuits, all of which shall
be connected together at a single point as shown in Figure

10-4.
The purpose of this requirement shall be to eliminate

ground loops, adequately direct transiznts to ground, and
to allow for testing of the separation between the ground-

ing circuits by temporarily removing the jumpers,
Type Poles | Min. Amps | Interrupting Capacity
1. The neutral bus is the set of terminals within the =
cabinet to which all of the neutral conductcrs are Main 1 30 5,000 amperes
term:nated. The neutral bus shall be a solid metallic Auxiliary 1 15 5,000 amperes

multi-terminal strip located in close proximity to the
primary feed entering the cabinet, Subsidiary neutral
bus terminal strips may be located as necessary in
the cabinet for use the control equipment. Neutral
terminal strip(s) shall be insulated from the cabinet.

2. The ground bus is the set of terminals within the
cabinet that is directly and permanently connected
to the cabinet shell and the earth. The ground bus
shall be a solid metallic multi-terminal strip located
in clese proximity to the power service entering the

cabinet. This ground shall be connected to the
cabinet shell in a manner that minimizes the length
of the conducting path.

It is intended that the ground bus be connected
to a good earth ground such as a driven ground rod
or rods within and through the cabinet foundation.
(Authorized Engineering Information.)

The chassis ground connection to each unit in the
cabinet shall be run separately and directly to this
terminal strip or to subsidiary ground busses. Each
metallic connector shell on a cable carrying 115
VAC shall be connected to ground.

3. The logic ground bus is that set of terminals within
the cabinet to which all logic ground conductors are
terminated. All dc circuits shall use the logic ground
as the return circuit to the controller unit.

10.3.2.2 DISCONNECTING MEANS

The rating of the main disconnect means with overcur-
rent protection shall be not less than 125% of the max-
imum anticipated continuous load. All disconnecting
means when used shall be of the *‘trip-indicating trip-free”’
type.

10.3.2.3 SianAL Bus
The signal bus shall be connected to the incoming act
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*Because the severity of naturally occurring transients is highly variable, the precise specification
of these components is beyond the scope of this standard. (Authorized Engineering Information.)

Figure 10-4
CABINET POWER DISTRIBUTION
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through a signal bus mercury contactor and a disconnect
means with overcurrent protection. The signal bus mer-
cury contactor shall be energized to provide power to the

signal bus. The current rating of the signal bus mercury
contactor shall be at least 80% of the current rating of
the main disconnecting means with overcurrent pro-ection.

10.3.2.4 AUXILIARY DEVICES

All cabinets shall have a fan, light and a convenience
outlet.
NEMA Standard 10-16-1986.

10.3.3 Caonductors

10.3.3.1 WIRE

1. All wire used in controller cabinets shall be cop-
per. All wire # 14 AWG or smaller shall be strand-
ed. Wires shall be sized per the ampacity ratings
of Table 10-3.

Table 10-3
AMPACITY
AWG Wire Size Ampacity Rating
30 -24 0.25
22 2
20 4
18 5
16 10
14 15
12 20
10 30
8 50
6 70

2. Conductors 22 AWG and larger shall conform to
military specification MIL-W-16878D, Electrical
Insulated High Temperature Wire, type B, or the
equivalent temperature rating. The insulation shall
have a minimum thicxness of 10 mils and shall be
nylon jacketed polyvinyl chloride or shall be ir-
radiated cross-linked polyviayl chloride, poly-
ethyléne, polyhalocarbon, or polychlorcalkene.
Conductors #14 AWG or larger may be UL type
THHN.

3. Ccnductors shall not be spliced between
terminations.

10.3.3.2 PRINTED CIRCUITS

Printed circuits shall meet the following requirements:
1. All printed circuit boards shall be made from
NEMA grade FR-4 glass epoxy or the equivalent.

(See NEMA Standards Publication LI 1, Industrial
Laminated Thermosetting Products.) All circuit
boards shall have a nominal thickness of at least '/16
inch.

2. Plated-through holes shall be plated with the
equivalent of one ounce per square foot of copper.
All circuit tracks shall be at least two ounces per
square foot of copper. All electrical mating surfaces
shall be made of non-corrosive material.

3. Each AC circuit shall have sufficient current car-
rying capacity to enable the device protecting the
circuit to open in a direct short circuit condition
before the track is damaged in any manner.

4. Ifa plug-in base for a load switch, flasher, or flash
relay is connected directly to a printed circuit board,
the base shall be rigidly connected to another facility
surface so that no mechanical strain is placed on the
printed circuit solder connections when the plug-in
device is inserted or removed.

NEMA Standard 10-16-1885.

10.3.4 Control Circuit

10.3.4.1 FLASH TRANSFER CONTROL

1. The coil of the flash transfer relay(s) shall be de-
energized for flashing operation.

2. The flash transfer relay(s) shall be located in close
proximity to the load switches, flasher, and signal
field terminals.

3. Each relay shall be provided with circuitry to
minimize the effects of residual magnetism.

4. Flash transfer relay sockets shall mate with a Cinch-
Jones P2408 or equivalent. They shall be wired and
space provided to accept a relay as described in
Figure 10-5.

10.3.4.2 CoONFLICT MONITOR

1. Interlock
The facilities shall be so constructed that the inter-
section will revert to flashing operation if the con-
flict monitor is disconnected.
2. Red Monitor Enable
The red monitor enable input to the conflict monitor
shall be connected to the ac+ side of the signal bus
relay coil.
3. 24 Volt Monitoring
Conflict monitor input 24 v monitor shall be con-
nected to the +24 volt feed to the load switches.
24 v monitor II shall be used to monitor any other
24 volt supply(s) required for safe operation of the
intersection. If only one +24 volt power source is



used in the cabinet, 24 v monitor I and II shall be
connected together,

. Voltage Monitor

The conflict monitor controller voltage monitor in-
put shall be connected to the controller unit voltage
monitor output.

. Restart

Actuation of the start-delay shall cause the con-
troller to return to its pre-programmed start-up

TS 1-1989
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interval.

. Stop Time

Stop time shall be applied to all rings of the con-

troller unit whenever the conflict monitor is in the

fault condition.

Flash on Fault

The conflict monitor shall place the intersection into

flashing operation when in the fault condition.
NEMA Standard 10-16-1985.

OUTLINE DIMENSION DRAWING
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Figure 10-5
FLASH TRANSFER RELAY WIRING DIAGRAM
AND OUTLINE DIMENSIONS
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Section 13

INTERFACE STANDARDS FOR ADVANCED TWO-PHASE THROUGH
EIGHT-PHASE SOLID-STATE TRAFFIC SIGNAL CONTROLLER UNITS

This section defines the interface of 2- through 8 -phase solid state traffic signal controller units which fully conform to
Sections 3 and 4 of this standards publication and which also have additional advanced input and output functions not
available in Sections 3 and 4. Since applications of units built to these standards might use some of these additional
features, units built to conform to Seciions 3 and 4 might not be capable of being substituted for those built 1o conform to

Sections 13 and 4.

In order to achieve greater utility, Sections 13 and 14 define more construction features and performance functions
than Sections 3 and 4. Saferv has been a prime consideration in the development of these standards.
Section 13 defines interface requirements for a class of solid-state-actuated controller units with input/output spares

Sor future use,

13.1 INTERFACE REQUIREMENTS

Input-output terminations are required for the func-
tions referenced in Section 14 of these standards.

If inpyt-output terminations in addition to those cov-
ered by these standards are required to allow inclusion of
additional functional capabilities, such additional input-
output terminations shall be provided on an additional
connector. Such additional connector shall not be inter-
changeable with another connector on the face of the
controller unit. The provision of these additional func-
tional capabilities shall not modify the operating ca-
pabilities of the controller unit covered by these stan-
dards when the additional input-output connector is
disconnected.

NEMA Standard 1-23-1981.

13.2 ELECTRICAL LIMITS OF INPUT-OUTPUT
TERMINATIONS

13.21 Logic Levels

All logic signals (except as explicitly defined- else-
where in these standards) shall be low state (nominal 0
volts) for the TRUE (operate) state of all input and output
terminations. Input-output tzrminations, when not acti-
vated, shall be internally biased to the FALSE (high,
nonoperate state ( + 24 volts dc).

13.2.2 Translent Immunity

The operation of the controller unit shall not be af-
fected during operation by the application to any input or
output terminal of pulses of 10 mic-oseconds duration,
300-volt positive or negative amplitude, and with a max-
imum repetition rate of 1 pulse per second. For purposes
of this requirement, a pulse source having an output
impedance of not less than 1000 ohrs, nor greater than
10,000 ohms, shall be used.

Authorized Engineering Information 4-7-1983,

13.23 Inputs

Inputs shall have the following characteristics:

1. A voltage between 0 and 8 volts shall be consid-
ered the “low™ state.

2. A voltage greater than 16 volts shall be considered
the “high” state.

3. The transition from “low” state to “high” state
(and vice versa) shall occur between 8 and 16 volts.

4, External transition from “low” state to “high”
state (and vice versa) shall be accomplished within 0.1
millisecond.

5. Over the voltage range 0 to 26 volts DC, the
maximum current “in” or “out” of any input control
terminal shall be less than 10 milliamperes. Input imped-
ance shall not exceed 11K ohms to 24 volts DC, nor shall
the surge impedance be less than 100 ohms resistive.

6. Any input signal dwelling in a defined logic state
for less than 0.25 milliseconds shall not be recognized.
Any input signal dwelling in a defined logic state for
more than 30 milliseconds shall be recognized. Succes-
sive similar logic state transitions shall not be recognized
when occurring less than 10 milliseconds apart, and shall
be recognized when occurring more than 135 millise-
conds apart.

13.2.4 Outputs
Electrical outputs shall have the following characteris-
tics:
1. Output Circuits
a. The “low” (operate) voltage shall be be-
tween 0 and 4 volts.
b. Current sinking capability in the “low™ state
(true) shall be at least 200 milliamperes from an induc-
tive load.



c¢. With an external impedance of 100K ohms or
greater, the transition from 4 to 16 volts (and vice versa)
shall be accomplished within 0.1 millisecond.

d. The “high” state impedance shall not exceed
11K ohms to 24 volts DC.

¢. Any external steady-state voltage applied to
an output terminal shall not exceed + 30 volts DC, nor
shall it cause flow of more than 3 milliamperes into the
terminal, when the output is in the *“high” state.

f.  Any valid TRUE output signal shall dwell in
this state for at least 50 milliseconds.

2. Regulated 24 Volts DC for External Use

a. Positive 24 = 2 volts DC shall be regulated
over an AC line voltage variation from 95 to 135 volts
and from no-load to full-load.

b.  Current capability shall be 500 milliamperes
continuous with less than 0.5 volt peak-to-peak ripple.

NEMA Standard 1-29-1981.

13.3 INPUTS AND NUMBER OF TERMINALS

Traffic controller units shall have input functions and
terminals as determined by the number of phases and
rings in the controller unit as shown in Table 13-1,

NEMA Standard 1-20-1981.

13.4 OUTPUTS AND NUMBER OF TERMINALS

Traffic controller units shall have output functions and

terminals as determined by the number of phases and
rings in the controller unit as shown in table 13-2.

NEMA Standard 1-29-1981.

13.5 PIN CONNECTIONS

13.5.1 Connectors Used

The connector on the controller unit shall have a me-
tallic shell. The connector shall be connected to the
chassis ground internally. The connectors shall be
mounted on the front of the unit in accordance with the
following:

TS 1-1989
Page 55

1. Connector A shall intermate with a MS3116
( )-22-558. _

2. Connector B shall intermate with a MS3116
( )-22-55P.

3. Connector C shall intermate with a MS3116
( )-24-61P.

Controller
Unit Connector A Connector B Connector C

2 Phase

3 Phase
4 Phase
5-8 Phase

Bl

X
X
X

13.5.2 Totals of Terminations

Connections 20 W o 8

Total Number of Inputs ... 29 36 41 68
Total Number of Outputs . 22 42 54 93

Reserved for 40 and 80 .. . .. 17 e
Reserved for 80 .. ....... 6 6 i ¥
Spares™® .....iieniieins 3 8 8 9
Reserved** .. .. ...... 1 1 1 1
Total Pins Requited .... 55 110 110 171

* These spare terminations are reserved exclusively for future assign-

ment of additional specific input-output finctions.
“* Reserved to p interchangeability with controli
forming to earlier proposed NEMA pin assignments.

units con-

13.5.3 Input-Output Connector Pin
Terminations

Input-output connector pin terminations shall be in
accordance with Table 13-3.

NEMA Standard 1-29-1981,

Table 13-1
INPUTS AND NUMBER OF TERMINALS

Function

Number of Terminals
Per Unit

L) K 4 8

. Pedestrian Dectector Calls {per phase)

- TR T .

. Vehicle Detector (per phase) .........

. AC+ (lineside) . ...........covuuun.
AC— (common) ..........cevuvens
. ChassisGround ...................
. LogicGround . ....................
Force Off (perring) ...... ..........

et e B B
— e b e e fu
M—-r—-»—-l—-.mm
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Table 13-1

Number of Terminals

Per Unit

&

&

L4

8. Hold (perphase) ................cc0vunnn 2
9. Phase Omit (perphase) ...................
10, Stop Timing (perving) .........0ovvvivnrans
11. Interval Advance (perunit) ................
12. Manual Control Eaable (per unit) ...........
13. Red Rest (perring) ........ccovvvinvnninns
14. Inhibit Max Termination (per ring) ..........
15. Call to Nonactuated Mode (2 per unit) .......
16. External Min. Recall to All Vehicle Phases (per
BB sisnrasmi i SR I s s

17. Omit Red Clearance (perring) .............
18. Maximum: II Selection (per ring) ...........
19. Indicator Lamp Control (perunit) ...........
20. Pedestrian Omit (per phase) ...............
2]1. TestInput(2perumit) .........coovvvuennn.
22. External Start (perumit) ......o0ovvveinnnens
23, Pedestrian Recycle (perring) ..............
24. Walk Rest Modifier (perunit) ..............

b et et D B e e e

PO b b e

B e b b b - D W

[ Y TS S

(SR S I G ———

BN~ — N 00 e

D = B 00 = D N —

Total Number of Inputs .................... 29

3 s bt DD L e i b

E=s
—

=l
oo

Table 13-2

OUTPUTS AND NUMBER OF TERMINALS

Function 24

1. Load Switch Drivers, Basic Vehicle, (G-Y-R,
POr PRBABY ... iivcasein s vnaia wraae e s 6
2. Load Switch Drivers, Pedestrian, (W-PC-DW,
o R e
3. Load Switch Drivers, Overlap, (G-Y-R, 4
overlaps maximum) .......... .. 000000
Check (per phase) ........ccovvvveraninns
Phase ON Logic (per phase) ...............
Phase Next Logic (per phase) ..............
Coded Status Bits (3 perring) ..............
Controller Unit Voltage Monitor (per unit) . ...
Regulated 24 Volts DC for External Use .....

Flashing Logic Qutput . ...................

(=)

SO AR

—— ) W W WD

24

24
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WALK REST MODIFIER
CODED STATUS BIT A (1)*
1 PHASE ON

¢1 PED OMIT

PED RECYCLE
MAX 11 SELECTION
SPARE 3

(h*
(h*

OL B YELLOW DRIVER
OL B RED DRIVER

OL € RED DRIVER
RESERVED 4§ 8f

OL C GREEN DRIVER
OL B GREEN DRIVER
OL C YELLOW DRIVER

OL B YELLOW DRIVER
OL 8 RED DRIVER

OL C RED DRIVER

OL D YELLOW DRIVER
OL C GREEN DRIVER
OL B GREEN DRIVER
OL C YELLOW DRIVER

OL B YELLOW DRIVER
OL B RED DRIVER
OL C RED DRIVER

§6 CHECK

{6 PHASE ON

§6 PHASE NEXT

§7 HOLD

§8 CHECK

8 PHASE ON -

@8 PHASE NEXT

§7 WALK DRIVER
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Table 13-3
INPUT-OUTPUT CONNECTOR PIN TERMINATIONS
2- Through 8-Phase 3-Phase 4-Phase 8-Phase 8-Phase
Connector A Connector B Connector B Connector B Connector C
-22-55P (55 pin) -22.558 (55 pin) -22-558 (55 pin) -22-558 (55 pin) -24-61S (61 pin)
PIN Function PIN Function PIN Function PIN Function PIN Function
A RES| A 1 PHASE NEXT A #1 PHASE NEXT A §1 PHASE NEXT A CODED STATUS BIT A (2)*
B + 24 VOLT DC EXTERNAL B SPARE 1 B SPARE | B SPARE | B CODED STATUS BIT B (2)*
c VOLTAGE MONITOR c 2 PHASE NEXT c 2 PHASE NEXT c §2 PHASE NEXT c #8 DONT WALK DRIVER
D §1 RED DRIVER D #3 GREEN DRIVER D (3 GREEN DRIVER D ¢3 GREEN DRIVER D ¢8 RED DRIVER
E §1 DONT WALK DRIVER  E §3 YELLOW DRIVER E 3 YELLOW DRIVER E §3 YELLOW DRIVER E #7 YELLOW DRIVER
F §2 RED DRIVER F §3 RED DRIVER F 3 RED DRIVER F §3 RED DRIVER F 7 RED DRIVER
G §2 DONT WALK DRIVER G RESERVED 4p 89 G ¢4 RED DRIVER G §4 RED DRIVER G 6 RED DRIVER
H 12 PED CLEAR DRIVER H RESERVED 4§ 89 H ¢4 PED CLEAR DRIVER H ¢4 PED CLEAR DRIVER H #5 RED DRIVER
] 2 WALK DRIVER I RESERVED 4p 8§ J /4 DONT WALK DRIVER  J ¢4 DONT WALK DRIVER ] #5 YELLOW
K {2 VEHMICLE CALL DET K RESERVED 4§ 8§ K ¥4 CHECK K {4 CHECK : K §5 PED CLEAR DRIVER
™ §1 PED CALL DET L RESERVED 4§ 8§ L #4 VEHICLE CALL DET L §4 VEHICLE CALL DET L §5 DONT WALK DRIVER
M ¢2 HOLD M RESERVED 4§ 8 M ¥4 PED CALL DET M ¢4 PED CALL DET M §5 PHASE NEXT
N STOP TIMING (h* N 3 VEHICLE CALL DET N §3 VEHICLE CALL DET N §3 VEHICLE CALL DET N /5 PHASE ON
P INHIBIT MAX TERM  (1)* P 3 PED CALL DET P 03 PED CALL DET P §3 PED CALL DET P #5 VEHICLE CALL DET
R EXTERNAL START R 3 PHASE OMIT R (3 PHASE OMIT R 3 PHASE OMIT R #5 PED CALL DET
S INTERVAL ADVANCE s 2 PHASE OMIT S 2 PHASE OMIT s 72 PHASE OMIT H 6 VEHICLE CALL DET
T INDICATOR LAMP T RESERVED 8 T RESERVED 8§ T §5 PED OMIT T §6 PED CALL DET
CONTROL
u AC = (COMMON) u @1 PHASE OMIT u U1 PHASE OMIT u ¥ PHASE OMIT U 7 PED CALL DET
v CHASSIS GROUND v RESERVED 8§ v RESERVED 8§ v PED RECYCLE @ v 7 VEHICLE CALL DET
w LOGIC GROUND w SPARE 2 w SPARE 2 w SPARE 2 w 8 PED CALL DET
X FLASHING LOGIC CUT X SPARE 3 X SPARE 3 X SPARE 3 X 8 HOLD
Y CODED STATUS BITC (1)* Y (3 WALK DRIVER Y 3 WALK DRIVER Y 3 WALK DRIVER Y FORCE-OFF )+
FA #1 YELLOW DRIVER Z @3 PED CLEAR DRIVER z 3 PED CLEAR DRIVER F 4 @3 PED CLEAR DRIVER F4 STOP TIMING @"
8 ¢1 PED CLEAR DRIVER i ¢3 DONT WALK DRIVER L ¢3 DONT WALK DRIVER a @3 DONT WALK DRIVER 5 INHIBIT MAX TERM  (2)*
b ¢z YELLOW DRIVER b RESERVED 4§ 89 b ¥4 GREEN DRIVER b ¢4 OREEN DRIVER b SPARE |
© #2 GREEN DRIVER c RESERVED 4§ 8 ¢ @4 YELLOW DRIVER ¢ U4 YELLOW DRIVER © CODED STATUS BIT C
2*
d #2 CHECK d RESERVED 4§ 8§ d 4 WALK DRIVER d 4 WALK DRIVER d 8 WALK DRIVER
€ 2 PHASE ON ¢ RESERVED 4 89 ¢ 4 PHASE ON e 4 PHASE ON e 8 YELLOW DRIVER
1 1 VEHICLE CALL DET f RESERVED 4f 8§ f @4 PHASE NEXT f 4 PHASE NEXT f /7 GREEN DRIVER
8 §1 PED CALL DET M RESERVED 4§ 8§ [ @4 PHASE OMIT [ ¢4 PHASE OMIT B /6 GREEN DRIVER
h 71 HOLD h RESERVED 4 8§ h 4 HOLD h 4 HOLD h 6 YELLOW DRIVER
i FORCE-OFF i 73 HOLD i ¢3 HOLD i §3 HOLD i §5 GREEN DRIVER
j EXT MIN RECALL ALL ¢ j #3 PED OMIT i ¢3 PED OMIT i #3 PED OMIT i §5 WALK DRIVER
3 MANUAL CONTROL K RESERVED k RESERVED & k §6 PED OMIT k 8 CHECK
ENABLE
" CALL TO NON ACT 1 m RESERVED 8§ m RESERVED 8§ m §7 PED OMIT m ¢S HOLD
n TEST INPUT A n RESERVED 8§ n RESERVED 8§ n 8 PED OMIT n 5 PHASE OMIT
P AC+ (CONTROL) P OL A YELLOW DRIVER P OL A YELLOW DRIVER P OL A YELLOW DRIVER P §6 HOLD
q SPARE 1 q OL A RED DRIVER q OL A RED DRIVER q OL A RED DRIVER q {6 PHASE OMIT
v CODED STATUS BITB (1)* ¢ #3 CHECK ' ¢3 CHECK v §3 CHECK v 7 PHASE OMIT
[ 1 GREEN DRIVER [ #3 PHASE ON ' ¢3 PHASE ON ' #3 PHASE ON [l 8 PHASE OMIT
1 §1 WALK DRIVER 1 #3 PHASE NEXT 1 3 PHASE NEXT 1 #3 PHASE NEXT 1 8 VEHICLE CALL DET
u §1 CHECK u RESERVED 49 8§ u OL D RED DRIVER | OL D RED DRIVER u RED REST MODE  (2)*
v §1 PED OMIT L] SPARE 4 v SPARE 4 v SPARE 4 L] OMIT RED CLEAR (¥4 0
w OMIT RED CLEAR  (1)* w RESERVED 4§ &) w OL D GREEN DRIVER w OL D GREEN DRIVER w 8 PED CLEAR DRIVER
X RED REST MODE m* = RESERVED 4§ 88 X {4 PED OMIT x ¢4 PED OMIT x /8 GREEN DRIVER
yl SPARE 2 ¥ SPARE § y SPARE § ¥y SPARE § y #7 DONT WALK DRIVER
T CALL TO NON ACT 1 RESERVED 8§ 1 RESERVED 8§ z MAX 1l SELECTION ()* & 6 DONT WALK DRIVER
AA TEST INPUT B AA 0L A GREEN DRIVER AA OL A GREEN DRIVER AA OL A GREEN DRIVER AA {6 PED CLEAR DRIVER
BB BB BB BB pB
cc oc cc cc cc
DD DD oD oD DD
EE EE EE EE EE
FF FF FF FF FF
GG GG GG GG [ele]
HH HH HH HH HH
- n
KK
LL
MM
NN
PP

* Numbers in parentheses ( ) refer to Ring Number (1) or (2).



TS 1-1989
Page 58

Section 14

DEFINITIONS AND PHYSICAL AND FUNCTIONAL STANDARDS FOR
ADVANCED TWO-PHASE THROUGH EIGHT-PHASE SOLID-STATE
TRAFFIC SIGNAL CONTROLLER UNITS OF THE VEHICLE-ACTUATED
TYPE

This secticn provides definitions and physical and functional standards for 2- through 8-phase solid-state traffic
signal contrclier units which fully conform to Sections 3 and 4 of this Standards Publication and which also have
additional advanced input and output functions not available in Sections 3 and 4. Since applications of units built to
these standards might use some of these additional features, units built to conform to Sections 3 and 4 might not be
capable of being substituted for those built to conform to Sections 13 and 14.

In order 10 achieve greater utility, these standards define more construction features and performance functions than
Sections 3 and 4. Safety has been a prime consideration in the development of these standards.

Section 14 covers 2- through 8-phase controller units capable of providing all the phase, ring, and unit functions, as

defined in these standards and determined by the controlier unit phase capacity. It is separated into the following three

clauses:
14.1 Definitions
14,2 Physical Standards
14.3  Functional Standards.

14.1 DEFINITIONS
14.1.1 Ring

A ring consists of 1wo or more sequentially timed and
individually selected conflicting phases so arranged as to
occur in an established order.

NEMA Standard 1-29-1981.

14.1.2 Barrier (Compatibility Line)

A barrier (compatibility line) is a reference point in the
preferred sequence of a dual-ring controller unit at which
both rings are interlocked.

Two reference points or barriers assure there will be no
concurrent selection and timing of conflicting phases for
traffic movement in different rings as illustrated by
Fig.14-1. Both rings cross the barrier simultaneously to
select and time phases on the other side.

NEMA Standard 1-29-1981.

14.1.3 Controller Unit

A controller unit is that portion of a controller assem-
bly that is devoted to the selection znd timing of signal
displays.

14.1.3.1 DuaL-RING ConTROLLER UNIT

A dual-ring controller unit contains two interlocked
rings which are arranged to time in & preferred sequence
and to allow concurrent timing of both rings, subject to
the restraint in 14.1.2. The phases within the two timing
rings shall be numbered as illustrated by Fig. 14-1.

NEMA Standard 1-29-1981.

Authorized Engineering Information 1-29-1981.

14.1.3.2 SINGLE-RING CONTROLLER UNIT

A single-ring controller unit contains two or more
sequentially timed and individually selected conflicting
phases so arranged as to occur in an established order.
The phases within a ring shall be numbered as illustrated
by Fig. 14-2.

14.1.4 Entry
14.1.4.1 DuaL EnTtayY

Dual entry is a mode of operation (in a dual-ring
controller unit) in which one phase in each ring must be
in service. If a call does not exist in 2 ring when it crosses
the barrier, a phase is selected in that ring to be activated
by the controller unit in a predetermined manner.

NEMA Standard 1-28-1981.
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Example: Refer to Fig, 14-1. In the absence of calls
on phases 7 and 8, with phase 2 and phase 6 terminating
to service a call on phase 3, preprogramming determines
controller selection and timing of phase 7 or phase 8
concurrent with phase 3.

Authorized Engineering Information 1-29-1881,

14.1.4.2 SincLE ENTRY

Single entry is a mode of operation (in a dual-ring
controller unit) in which a phase in one ring can be
selected and timed alone if there is no demand for service
in a nonconflicting phase on the parallel ring,

NEMA Standard 1-29-1981.

Example: Refer to Fig. 14-1. After the termination of
phase 2 and phase 6, the controller unit will service a call
on phase 3 in the absence of calls on both phase 7 and
phase 8, While phase 3 is selected and timed alone,
phases 7 and 8 in ring 2 will display RED.

Authorized Engineering Information 1-29-1881.

14.1.5 Pedesirian Recycle

Pedestrian recycle is any start of pedestrian service
after the start of the associated phase GREEN.
NEMA Standard 1-29-1981,

14.1.6 Phase (Vehicular)

A vehicular phase is a phase which is allocated to
vehicolar traffic movement as timed by the controller
umit.

14.1.6.1 CONFLICTING PHASES

Conflicting phases are two or more traffic phases
which will cause interfering traffic movements if they are
operated concurrently.

= () 1
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14.1.6.2 NonNcoNFLICTING PHASES

Nonconflicting phases are two or more traffic phases
which will not cause interfering traffic movements if they
are operated concurrently. :

NEMA Standard 1-29-1981.

14.1.7 Preferred Sequence

Preferred sequence is the normal order of phase selec-
tion within a ring with calls on all phases. See Fig. 14-3.
NEMA Standard 1-29-1981.

14.1.8 Timing, Concurrent

Concurrent timing is a mode of controller unit opera-
tion in which a traffic phase can be selected and timed
simultaneously with and independently of another traffic

phase.
NEMA Standard 1-29-1981.

14.2 PHYSICAL STANDARDS

14.2.1 Dimensions

The controller unit shall be capable of being shelf-
mounted. The controller unit shall also be capable of
being mounted in an EIA 19-inch rack (multiples of 1- %
inch mounting centers). The height of the controller unit
shall not exceed 24%: inches. The depth of the unit,
including connectors, harnesses, and protrusions, shall
not exceed 14% inches. On rack-mounted units, the
mounting flanges of the control unit shall be so placed
that no protrusion shall exceed 11 inches to the rear and
3-% inches to the front,

NEMA Standard 1-29-1981.

14.2.2 Design

The controller unit shall be of modular design. Circuit

boards shall be readily accessible for maintenance. It
shall be permissible to accomplish this by the use of
extender boards,

NEMA Standard 1-29-1981.
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14.2.3 Material and Construction of Rigid
Printed Circuit Assemblies

14.2.3.1 MaTERIALS

All printed circuit boards shall be made from NEMA
FR-4 glass-epoxy, or equivalent (see No. LI 1, Industrial
Laminated Thermosetting Products). Circuit boards ex-
ceeding 2 inches in any dimension shall have a nominal
thickness of at least !/1s inch. Circuit boards not exceeding
2 inches in any dimension shall have a nominal thickness
of at least '/32 inch.

14.2.3.2 CoNDUCTORS

The walls of all plated-through holes shall have a
minimum copper plating thickness of 0.001 inch. All
circuit tracks shall have a conductivity equivalent to at
least 2 ounces per square foot of copper All electrical
mating surfaces shall be made of noncorrosive material.

14.2.3.3 COMPONENT IDENTIFICATION

:The unit shall be so designed that each component is
identified with a circuit reference symbol. The identifica-
tion shall be affixed to the printed circuit board(s) or the
cover of the unit, or shall appear in an assembly drawing
provided with the unit.

NEMA Standard 1-29-1981.

14.2.4 Interface Connectors
The connectors on the controller unit shall have a
metallic shell. The connector shell shall be connected to
the CHASSIS GROUND internally. The connectors shall
be mounted on the front of the unit, (See Section 13.)
NEMA Standard 1-29-1981.

14.3 FUNCTIONAL STANDARDS
14.3.1 General

Controller unit frames capable of accepting up to four
phases shall contain one timing ring. Controllsr unit
frames capable of accepting eight phases shall contain

two timing rings with no mcre than four phases per ring.

Dual ring controller units shall be capable of singlz-entry
operation with dual-entry operation obtainable by exter-
nal logic. Input, outputs, and programming controls are

separaied into the following three cztegories:
1. Per phase (14.3.2)
2. Per ring (14.3.3)
3. Perunit (14.3.4)

The priority of input function (14.3.5), the use of

indicators on the controller unit (14.2.6), and the method
of determining overlaps (14.3.7) are also established.
NEMA Standard 4-7-1983.

14.3.2 Per Phase

The contreller unit shall be capable of providing the
following features on a per-phase basis; '

14.3.2.1 TiME SETTINGS

The following functions, with the associated minimum
timing ranges and maximum increments, shall be pro-
vided as a minimum when required by the application.
For timing accuracy see 2.1.11.

Range, Increments,
Function Seconds Seconds
Min Green (initial) ...... 1-30 1
Passage Time (preset gap) 0-9%* 0.25
Maximum 1 ............ 1-99 1
Maximum 2 ............ 1-99 1
- Yellow Change ......... 0-7* 0.25
Red Clearance .......... 0-7 0.25
Wik ovivannn sosamais 1-30 1
PED Clearance ......... 0-30* 1
Added Initial ........... 0-3 per 0.125
Actuation
Time to Reduce ......... 1-60 1
Time Before Reduction ... 1-60 i
Minimum Gap .......... 0-7.75* 0.125

* Zero shall be satisfied by any time between zera and 100 millisec-
onds.

e

14.3.2.2 PHASE INTERVALS

1. GREEN Interval—Acruated Phase
a. Without Volume Density—The GREEN in-
terval is a variable interval dependent upon vehicle actua-
tions. The GREEN interval time shall be limited by the
MAX GREEN time function which shall commence tim-
ing upon registration of a serviceable conflicting call.

The MINIMUM GREEN time shall not be preempted by

a MAXIMUM GREEN termination.

Three time settings shall be provided for deter-

mination of GREEN timing on an actuated phase without
volume density.

(I) MINIMUM GREEN—The first timed
portion of the GREEN interval which is set in considera-

tion of the storage of vehicles waiting between the sens-
ing zone of the approach vehicle detector and the stop
line.

(2) PASSAGE TIME (Vehicle Interval,
Preset Gap)—The extensible portion of the green shall
be a function of vehicle actuations that occur during the
GREEN interval. The phase shall remain in the extensi-
ble portion of the GREEN interval as long as the passage

timer is not timed out.



The timing of this portion of the GREEN
interval shall be reset with each subsequent vehicle actu-
ation and shall not commence to time again until the
vehicle actuation is removed from the controller unit.
The duration of the GREEN interval shall be subject to
the limit of the MAXIMUM GREEN.

(3) MAXIMUM GREEN—This time set-
ting shall determine the maximum length of time this
phase may be held GREEN in the presence of an oppos-
ing serviceable call. In the absence of a serviceable
conflicting call the MAXIMUM GREEN timer shall be

held reset.
b. With Volume Density—In addition to MINI-

MUM GREEN, PASSAGE TIME, and MAXIMUM
GREEN timing functions, phases provided with VOL-
UME DENSITY operation shall include VARIABLE
INITIAL timings and GAP REDUCTION timings. The
effect on the INITIAL timing shall be to increase the
timing in a manner dependent upon the number of vehi-
cle actuations stored on this phase while its signal is
displaying YELLOW or RED. The effect on the extensi-
ble portion shall be to reduce the allowable gap between
successive vehicle actuations by decreasing the extension
time in a manner dependent upon the time waiting of
vehicles on an opposing RED phase.

(1) VARIABLE INITIAL (See Fig. 14-4).
The VARIABLE INITIAL timing period shall be deter-
mined by an interrelationship of two time settings as
described below:

(a) MINIMUM GREEN setting shall
determine the minimum VARIABLE INITIAL time pe-
riod.

(b) SECONDS/ACTUATION set-
ting shall determine the time by which the VARIABLE
INITIAL time period will be increased from zero with
each vehicle actuation received during the associated
phase YELLOW and RED intervals.

(¢) The maximum of the VARIABLE
INITIAL timing period shall be fixed at 30 seconds, or
shall be settable (on a per-phase basis) in the range of
0-60 seconds with increments of 1 second. The max-
imum VARIABLE INITIAL setting shall be subordinate
to MINIMUM GREEN time setting.

_ (d) Initial timing shall equal (sec-
onds/actuation) multiplied by (number of actuations)
within the constraint of MAXIMUM INITIAL and shall
be not less than MINIMUM GREEN.

(2) GAP REDUCTION (See Fig.. 14-5)—
The GAP REDUCTION function shall be accomplished
by means of the following functional settings:
(a) TIME BEFORE REDUCTION
(b) PASSAGE TIME
(¢) MINIMUM GAP
(d) TIME TO REDUCE
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The TIME BEFORE REDUCTION period shall begin
when the phase is GREEN and there is a serviceable
conflicting call. If the serviceable conflicting call is
withdrawn while timing this period, the timer shall be
reset and remain reset until the next serviceable conflict-
ing call is received.

Upon completion of the TIME BEFORE REDUC-
TION period, the linear reduction of the allowable gap
from the PASSAGE TIME level shall begin.

The rate of reduction shall be based on the setting of
the PASSAGE TIME, MINIMUM GAP, and TIME TO

REDUCE controls. This method shall reduce the allowa-
ble gap at a rate equal to the difference between the

PASSAGE TIME and MINIMUM GAP settings divided
by the setting of the TIME TO REDUCE control.

The reduction of the allowable gap shall continue until
the gap reaches a value equal to or less than the minimum
gap as set on the MINIMUM GAP control after which
the allowable gap shall remain fixed at the values set on
the MINIMUM GAP control. In the presence of a contin-
uous vehicle actuation, the phase shall not gap out even if
the gap is reduced to zero (i.e., MINIMUM GAP set at
2zero).

If at any time the serviceable conflicting call is with-
drawn, the gap shall revert to the PASSAGE TIME set-
ting value, and the TIME BEFORE REDUCTION pe-
riod timer shall be reset and remain reset until the next
serviceable conflicting call is received.

2. Pedestrian Timing, Concurrent

Concurrent pedestrian timing shall be permitted in
association with any mode of vehicle signal timing. Two
time settings shall be required:

a. Walk—This shall control the amount of time
the WALK indication shall be displayed.

b. Pedestrian Clearance—This shall control
the duration of the PEDESTRIAN CLEARANCE output
and the flashing period of the DON'T WALK output.

When a pedestrian call is stored in pedestrian memory
and pedestrian indications are concurrent with an associ-
ated vehicle phase, the pedestrian sequence shall com-
mence service when entering the vehicle GREEN of that
phase unless the PEDESTRIAN OMIT line is activated.

ADDED
INITIAL
RANGE MAXIMUM INITIAL

SECONDS/ACTUATION

INITIAL i
TIMING

(SECONDSY ¥ ~—_ ___ MINIMUM GREEN

=d
o

VEHICLE ACTUATIONS

Figure 14-4
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PASSAGE

TIME

GAP
TIMING
(SECONDS)

(DELAY TO START GAP REDUCTION)

MINIMUM GAP

TIME TO REDUCE
GREEN TIME (SECONDS)

(a) 1o = Stant of phase GREEN.

(b) tj = Registration of serviceable :onflicting call.

(¢) TIME BEFORE REDUCTION cshall not start timing before t,.
(d) MAXTMUM timer start shall be conditional upon being in the GREEN interval and registration of a

serviceable conflicting call—vehicle or pedestrian,

(e) PASSAGE TIME portion of GREEN interval must time concurrently with INITIAL subject to vehicle

actualions.

Figure 14-5

During the indication of the WALK and PEDESTRIAN
CLEARANCE intervals, a concurrent GREEN vehicle
indication shall be shown. It shall be possibile to recycle
the pedestrian indications in response to succeeding pe-
destrian calls for service—subject to absence of service-
able conflicting calls (vehicle or pedestrian) and nonac-
tivation of the PEDESTRIAN OMIT line.

3. Aciuated Phase Operating in The Nonactuated

Mcde

The actuated phases that are converted to NONACTU-
ATED operation by activation of either of the CALL TO
NONACTUATED MODE inputs shall have a permanent
demand placed for vehicle and pedestrian service. Each
such phase shall be equipped with pedestrian timing
capability.

These phases shall be considersd to have the four
green states indicated in Fig. 14-6.

a. State A shall be the minimum timing state.
The duration of State A shall be equal to the WALK time
setting. Signal indications for State A shall be GREEN
and WALK.

b. State B shall be a state immediately follow-
ing the minimum timing srate. The controller unit shall
dwell in this state in the presence of a HOLD signal or
when the WALK REST MODIFIER is active and no
serviceable conflicting call exists. The signal incications
shall remain in GREEN and WALK. The controller unit
shall leave this state when the HOLD input is not active;

or when the HOLD input is active, a serviceable conflict-
ing call exists, and the FORCE-OFF input is activated. If
the phase HOLD is active and the FORCE-OFF is acti-
vated when the phase is active and a serviceable conflict-

ing call does not exist, the controller unit shall continue

to dwell in State B of the phase.

STATE A — CODE 0*
WALK

STATE B — CODE 1*
WALK HOLD

STATE C — CODE 2*

PEDESTRIAN
CLEARANCE

STATE D — CODE 3*
GREEN REST

Figure 14-6
*Coded Status Bits Code (Reference 14.3.3.2)



¢. State C shall be the PEDESTRIAN CLEAR-
ANCE state. During State C, the phase shall activate its
PEDESTRIAN CLEARANCE output and flash its
DON'T WALK output. The duration of the state shall be
equal to the PEDESTRIAN CLEARANCE setting. The
phase shall time the clearance and, upon completion of
the timing, advance to State D.

d. State D shall be a GREEN DWELL/SE-
LECT state from which the controller unit may select the
next phase(s) to be serviced. During State D signal indi-
cations shall be GREEN and steady DON'T WALK.
When a serviceable conflicting call does not exist and the
PEDESTRIAN RECYCLE input is active, or when a
serviceable conflicting call does not exist and the WALK
REST MODIFIER is active, the phase shall return to
State A and retime the WALK interval. If the PEDES-

TRIAN RECYCLE input is not active and the WALK
REST MODIFIER is not active, the pedestrian move-
ment shall not recycle.

In the presence of external signals which may be used
for coordination, the sequence of these states shall be as
follows.

The GREEN interval begins with the existence of State
A. Upon the completion of this state the controller unit
exits to State B. If the HOLD input is active at this point,
the controller unit shall remain in this state, If FORCE-
OFF is applied and if a serviceable conflicting call exists,
the controller unit shall advance to State C; otherwise
State B exists as long as HOLD remains active. IF
HOLD is released while the controller unit is in State B,
the controller unit shall advance to State C without re-
gard to the presence of a serviceable conflicting call. If
the controller unit advances to State C, it shall advance to
State D even in the presence of HOLD. When in State D,

the controller unit shall terminate the phase if a service-
able conflicting call exists. If no serviceable conflicting
call exists, the controller unit returns to State A of this
interval if PEDESTRIAN RECYCLE is active. If PE-
DESTRIAN RECYCLE is not active and no serviceable
conflicting call exists, the controller unit rests in State D.
The HOLD function has no effect on the duration of
State D,

The duration of the GREEN interval shall not be less
than the setting of the MINIMUM GREEN control. [n
those instances where the sum of the WALK setting, the
HOLD state duration, and the PEDESTRIAN CLEAR-
ANCE setting is less than the setting on the MINIMUM
GREEN control, the controller unit shall remain in State
C until the phase has displayed a GREEN indication for a
time equal to the MINIMUM GREEN time setting, and
shall display a steady DON'T WALK. Refer to Fig.
14-7.

4, Termination of Green Timing—GREEN timing
termination shall occur in response to one of the follow-
ing conditions:
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a. INTERVAL ADVANCE when timing the last
portion of the GREEN interval, as described in
14.3.4.2(4).

b. INTERVAL ADVANCE with MANUAL
CONTROL ENABLE activated as described in
14.3.4.2(5).

c¢. Initial including variable portion completed,
the pedestrian service completed, a serviceable conflict-
ing call, and one of the following:

(1) PASSAGE TIME timed out without
HOLD applied.

(2). Reduced gap timed out without HOLD
applied.

(3) MAXIMUM GREEN termination
without HOLD applied.

(4) FORCE-OFF applied.

d. Initial including the variable portion com-
pleted, the pedestrian service completed, RED REST
activated and PASSAGE TIME timed out without HOLD
applied.

5. Vehicle Change and Clearance Intervals

a. Following the GREEN interval of each phase
the controller unit shall provide a YELLOW CHANGE
interval which is timed according to the YELLOW
CHANGE timing control for that phase.

b. Following the YELLOW CHANGE interval
for each phase, the controller unit shall provide a RED
CLEARANCE interval which is timed according to the
RED CLEARANCE timing control for that phase. Dur-
ing this RED CLEARANCE interval, no GREEN indica-
tion shall be shown to any conflicting phase. This RED
CLEARANCE interval is subject to omission in response
to operation of the per ring OMIT RED CLEARANCE
input. '

6. Pedestrian Timing, Exclusive—Exclusive pedes-
trian service shall be permitted. When servicing a pedes-
trian movement exclusively, no other phase shall be ac-
tive. It shall not be required in a dual ring controller unit
to provide more than two phases in the second timing
ring when EXCLUSIVE PEDESTRIAN timing is em-
ployed in the other timing ring, neither of which can be
employed on the same side of the barrier with the EX-
CLUSIVE PEDESTRIAN phase.

It shall not be required in a four-phase sequential
controller unit to provide more than three phases in
addition to the EXCLUSIVE PEDESTRIAN phase.

Two time settings shall be required on the phase,
WALK and PEDESTRIAN CLEARANCE, as described
in 14.3.2.2(2).

When a pedestrian call is stored in pedestrian memory,
the cxclusive pedestrian phase shall be serviced with
appropriate consideration of its order in the priority of
phase sequencing.

The exclusive pedestrian phase shall rest with a steady
DON'T WALK indication displayed. It shall be possible
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to recycle the pedestrian indications in response to suc-
ceeding pedestrian calls for service, subject to adsence of
serviceable conflicting calls (vehicle or pedestrian) and
nonactivation of the PEDESTRIAN OMIT line.

14.3.2.3 PHase SELEGTION PCINTS

The phase next to be serviced shall be determined at
the end of the GREEN interval of the terminating phase;
except that if the decision cannot be made at the end of
the GREEN interval, it shall not be made until after the
end ‘of all vehicle change and clearance intervals.

14.3.2.4 ProvisioN For SToring A DEMAND

There shall be a provision for storing a call for vehicle
service on each vehicle phase when that phase is not
displaying a GREEN indication. The vehicle memory
feature shall be capable of being disabled from the front
of the controller unit. There shall he a provision for
storing a call for pedestrian service on phases equipped
with pedestrian time settings, when that phase is not
displaying a WALK indication.

14.'3.2.5 PLacemeNT oF Maxivum ReECALL

Means shall be provided to place a call on a phase
from the front panel such that the GREEN timing of that
phase shall be extended to MAXIMUM.

When such a call is placed, the maximum timing shall
commence to time as if there were always a serviceable

GREEN STATES

SIGNAL DISPLAYS
| GREEN

WALK

FLASHING DON'T
WALK

STEADY DON'T WALK

TIMING
MINIMUM GHEEN

WALK

PEDESTRIAN
C _EARANCE

A i S — T — A Sty wtatiie

conflicting call, but the phase shall not terminate unless
there is an actual serviceable conflicting call,

14.3.2.6 PLACEMENT OF MiNniMUM RECALL

Means shall be provided on the front panel to place a
recurring demand for vehicle service on the phase when
that phase is not in its GREEN interval.

14.3.2.7 PLACEMENT OF PEDESTRIAN RECALL

Means shall be provided to place a recurring pedes-
trian demand from the front panel which shall function in
the same manner as an external pedestrian call except
that it shall not tecycle the pedestrian service until an
opposing phase is serviced. i

14.3.2.8 PracemenT ofF CaiLL AT PHASE TERMINA-
TION

When a phase is terminated with titne remaining in the
PASSAGE TIME, a call shall be left on that phase.
Disabling the vehicle call memory shall defeat this fea-
ture. If a phase is terminated with no passage time
remaining, no call shall be left on the phase.

14.3.2.9 InPUTS

1. Vehicle Detector Call—Provision to enter a vehi-
cle demand for service into the appropriate phase of the
coniroller unit.

Figure 14-7
ACTUATED PHASE OPERATING IN THE NONACTUATED MODE

*MINIMUM GREEN time out during State A, B, or C. State D shall not be entered until MINIMUM GREEN

is timed out.



2. Pedestrian Detector Call—Provision to enter a
pedestrian demand for service into the associated phase
of the controller unit,

3. Hold—Command that retains the existing right-
of-way and has different controller unit responses de-
pending upon operation in the vehicle-actuated or nonac-
tuated mode. The operation is as follows:

a. For a nonactuated phase, energization of the
HOLD input shall maintain the controller unit in the
timed-out WALK period with a GREEN and WALK
indication displayed. Energization of the HOLD input
while timing the WALK portion of the GREEN interval
shall not inhibit the timing of this period. De-energiza-
tion of the HOLD input and with the WALK interval
timed out shall cause the controller unit to advance into
the PEDESTRIAN CLEARANCE interval. (See
14.3.2.2(3)). Re-application of the HOLD input while
timing the PEDESTRIAN CLEARANCE portion of the
GREEN interval shall neither inhibit the timing of this
period nor termination of the phase.

b. For an actuated phase, energization and de-
energization of the HOLD input shall be as follows.

Energization of the HOLD input shall allow the
controller unit to time normally but shall inhibit its ad-
vance into the vehicle change interval. Energization of
the HOLD input shall inhibit the recycle of the pedestrian
service unless the PEDESTRIAN RECYCLE input is
active and a serviceable pedestrian call exists on the
phase. The rest state signal indications for that phase
shall be GREEN for traffic and DON'T WALK for
pedestrians.

De-energization of HOLD input shall allow the
controller unit to advance into the GREEN DWELL/
SELECT state when all GREEN periods are timed out.

De-energization of HOLD input with all inter-
vals timed out, shall allow the controller unit to recycle
the WALK interval if there is no conflicting demand for
service and a pedestrian call exists for that phase, How-
ever, if there is any serviceable demand on an opposing
phase with the HOLD de-energized and with all intervals
timed-out, the controller unit shall advance into the Y-
HICLE CHANGE interval and not recycle the WALK on
that phase until those demands have been served.

4. Phase Omit—Input to cause omission of a phase,
even in presence of demand, by application of an external
signal. It shall affect phase selection. The omission shall
continue in effect until the signal is removed. The phase
to be omitted shall not present a conflicting call to any
other phase, but shall accept and store calls. Activation
of this input shall not affect a phase in the process of
timing.

5. Pedestrian Omir—Input to inhibit the selection of
a phase due to a pedestrian call on that phase and to
prohibit the servicing of a pedestrian call on that phase.
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This input when active shall prevent the starting of the
pedestrian movement of that phase. After the beginning
of the phase GREEN, a pedestrian call shall be serviced
or recycled only in the absence of a serviceable conflict-
ing call and with PEDESTRIAN OMIT on the phase
nonactive. Activation of this input shall not affect a
pedestrian movement in the process of timing.

14.3.210 Ourputs

1. Load Switch Drivers, Basic Vehicle (Three Per
Phase)—Provision for separate GREEN, YELLOW, and
RED outputs for each basic vehicle phase. A circuit
closure to LOGIC GROUND shall be maintained at onc
of these three outputs at all times. The three outputs shall
energize the appropriate vehicle signal load switching
circuit to result in a GREEN, YELLOW, or RED indica-
tion for the duration of such required indication.

2. Load Switch Drivers, Pedestrian (Three Per
Phase}—Provision of separate WALK, PEDESTRIAM
CLEARANCE, and DON'T WALK outputs for each
pedestrian movement. A circuit closure to LOGIC
GROUND shall be maintained on at least one of these
three outputs at all times. The three outputs shall ener-
gize the appropriate pedestrian signal load switching
circuit to result in a WALK, PEDESTRIAN CLEAR-
ANCE, or DON'T WALK indication. The DON'T
WALK output shall flash only during the PEDESTRIAN
CLEARANCE interval as shown in Fig. 14.8.

3. Check— An output to indicate call status (vehicle
or pedestrian, or both) of the phase, activated when the
controller unit is not in the GREEN of that phase, which
has a demand in that phase, Neither the PHASE OMIT
nor PEDESTRIAN OMIT inputs shall affect the CHECK
output.

4. Phase On—An output to indicate phase status.
The PHASE ON output of a particular phase is activated
during the GREEN, YELLOW, and RED CLEARANCE
intervals of that phase. It shall be permissible for this
output to be active during the RED DWELL state.

5. Phase Next—An output of a particular phase acti-
vated when the phase is committed to be next in sequence
and remains present until the phase becomes active. The
phase next to be serviced shall be determined at the end
of the GREEN interval of the terminating phase; except
that if the decision cannot be made at the end of the
GREEN interval, it shall not be made until after the end
of all VEHICLE CHANGE and CLEARANCE inter-

vals.
NEMA Standard 1-29-1981,

14.3.3 Per Ring
The following features are required on a per-ring basis:
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Figure 14-8
14.3.3.1 InrFuTs b. When the phase is operating in the nonactu-

1. Force Off—Provision for termination of the
GREEN timing or WALK HOLD in the nonactuated
mode of the active phase in the timirg ring by application
of this signal—such terminating subject to presence of a
serviceable conflicting call. The FORCE OFF -unction
shall not be effective during the timing of the INITIAL,
WALK, or PEDESTRIAN CLEARANCE. The FORCE
OFF input shall be effective only as long as the input is
sustained. (See 14.3.2.8.)

2, Red Resr—Input to require rest in RED of all
phases in the timing ring by continuous applicati an of an
external signal. Registration of a serviceable comflicting
call shall result in immediate advance from RED REST
to GREEN of the demanding phase. Registration of a
serviceable conflicting call before entry into the RED
REST state, even with this signal applied, shall result in
termination of the active phase and selection of the next
phase in the normal manner and with appropriate change
and clearance intervals. (See 14.3.4.4.)

3. Inhibit Maximum Termination—An input to disa-
ble the maximum termination functions of all phases in
the selected timing ring. The input shall not inhibit the
timing of MAXIMUM GREEN.

4. Omit Red Clearance—An input to cause omission
of RED CLEARANCE interval timing(s).

5. Pedestrian Recycle—An input to control the recy-
cling of the pedestrian movement. The recycling opera-
tion is dependent upon whether the phase is operating in
the actuated or nonactuated mode:

a. When the phase is operating in the actuated
mode, if a serviceable pedestrian call exists on the phase
and the HOLD input is active, the pedestrian movement
shall be recycled when the PEDESTRIAN RECYCLE
input is active, regardless of whether a serviceable con-
flicting call exists.

ated mode, if the phase has reached State D (See
14.3.2.2(3)), the PEDESTRIAN OMIT is not active on

the phase and a serviceable conflicting call does not
exist, the pedestrian movement shall be recycled when
the PEDESTRIAN RECYCLE input is active.

6. Stop Timing—An input which when activated

causes cessation of controller unit ring timing for the
duration of such activation. Upon removal of activation
from this input, all portions which were timing will
resume timing. During stop timing, vehicle actuations on

non-GREEN phases shall be recognized; vehicle actua-
tions on GREEN phase(s) shall reset the PASSAGE
TIME timer in the normal manner; and the controller unit
shall not terminate any interval or interval portion or
select another phase, except by activation of the INTER-
VAL ADVANCE input. Operation of the INTERVAL
ADVANCE with STOP TIMING activated shall clear
any stored calls on a phase when the controller unit is
advanced through the green interval of that phase.

7. Maximum II (Selection)—Input to allow the se-
lection of a second maximum time setting on all phases
of the timing ring.

14.3.3.2 Qutruts (See TABLE 14-1)

One or more of the coded status bit states shown in
Table 14-1 might be omitted from a normal cycle of
operation. (Authorized Engineering Information
4-7-1982). Only one of the coded status codes shall be
active when the following conditions are present in the
controller unit:

1. The active phase is in its GREEN interval and
operating in the actuated mode.

CODE 0—Minimum Timing—When timing the INI-
TIAL, WALK, or PEDESTRIAN CLEARANCE por-
tions of the GREEN interval.



Table 14-1
CODED STATUS BITS (3 PER RING)

Bit Logic States

Code No, C B A
0 +24V +24V +24V
1 +24V +24V ov
2 +24V ov +24V
3 +24V ov ov
4 ov +24V 424V
5 ov +24V ov
6 ov ov +24V
7 1)% ov 1)%

Code 1—Extension Timing—That portion of the
GREEN interval following the completion of the mini-
mum timings (INITIAL, WALK, and PEDESTRIAN
CLEARANCE) when timing an extension(s).

Code 2—Maximum Timing—That portion of the
GREEN interval following the completion of the mini-
mum timings, (INITIAL, WALK, and PEDESTRIAN
CLEARANCE) when not timing an extension and the
MAXIMUM GREEN is timing (e.g., when the HOLD
input is active).

Code 3—Green Rest—That portion of the GREEN
interval when the minimum timings (INITIAL, WALK,
and PEDESTRIAN CLEARANCE) are complete, PAS-
SAGE TIMER is timed out and the MAXIMUM GREEN
timer is either timed out or has not started.

2. The active phase is in its GREEN interval and
operating in the nonactuated mode.

Code 0—Walk Timing— When timing the WALK por-
tion of the GREEN interval (nonactuated State A).

Code 1—Walk Hold—When the WALK output is ac-
tive, WALK timing is complete and the HOLD input is
active (nonactuated State B).

Code 2—Pedestrian Clearance Timing— When timing
the PEDESTRIAN CLEARANCE interval or the re-
maining portion of MINIMUM GREEN (nonactuated
State C).

Code 3—Green Rest—When the timing of PEDES-
TRIAN and MINIMUM GREEN intervals are complete
(nonactuated State D),

3. The active phase is not in its GREEN interval.

Code 4—Yellow Change—When timing YELLOW
CHANGE.

Code 5—Red Clearance—When timing RED
CLEARANCE.,

Code 6—Red Rest—When timing is complete and a
RED indication is displayed.

Code 7—Undefined.

NEMA Standard 1-29-1981.
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14.3.4 Per Unit

The following features shall be required on a per
controller-unit basis:

14.3.4.1

Initialization shall occur under either of the following
conditions:

1. Restoration of power after a defined power inter-
ruption.

2. Activation of EXTERNAL START input.

Programming for initialization shall be provided to
cause the controller unit to start at the beginning of the
GREEN, YELLOW, or RED interval of any phase or
nonconflicting phase pair.

As part of the initialization routine, vehicle and pedes-
trian calls shall be placed on all phases and retained until
serviced.

INITIALIZATION

14.3.4.2 |InpPuTS

1. AC+ (Line Side)—Fused side of 120 VAC 60-
Hertz power source.

2. AC- (Common)—Unfused and unswitched side
of 120 VAC 60-Hertz power source taken from neutral
output of ac power source. This input must not be con-
nected to LOGIC GROUND or CHASSIS GROUND
within the controller unit.

3. Chassis Ground—Terminal for connection to the
chassis of the unit. CHASSIS GROUND shall be elec-
trically connected to the shell of the connector(s) where
applicable. This input shall not be connected to LOGIC
GROUND or AC— (Common) within the controller
unit.

4. Interval Advance—A complete ON-OFF opera-
tion of this input shall cause immediate termination of the
interval in process of timing. Where concurrent interval
timing exists, use of this input shall cause immediate
termination of the interval which would terminate next
without such actuation. '

Phases without stored vehicle or pedestrian calls shall
be omitted from the resultant phase sequencing of the
controller unit unless EXTERNAL MIN. RECALL TO
ALL VEHICLE PHASES or MANUAL CONTROL
ENABLE inputs are activated.

The controller unit shall select the next phase to serv-
ice based on its normal sequence control method. If
INTERVAL ADVANCE is activated during the GREEN
interval and no serviceable call exists, the controller unit
shall not advance beyond the GREEN DWELL/SELECT
state, except when RED REST is active.

If INTERVAL ADVANCE is applied when the con-
troller unit is displaying GREEN and WALK indications,
the unit shall advance to the state of displaying GREEN
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and PEDESTRIAN CLEARANCE. If INTERVAL AD-
VANCE is applied when the unit is displaying GREEN
and PEDESTRIAN CLEARANCE, the unit shall display
a steady DON'T WALK indicaticn and advance to the
GREEN DWELL/SELECT state, from which it shall
immediately select a phase next and advance to the
YELLOW subject to the presence of a serviceable con-
flicting call and the constraints of concurrent timing.

If no pedestrian provisions exist, application of the
INTERVAL ADVANCE signal at any point in the
GREEN interval shall cause the unit to advance to the
GREEN DWELL/SELECT state from which it shall im-
mediately select a phase next and advance to the
YELLOW subject to the presence of a serviceable con-
flicting ca.l and the constraints of concurrent timing.

INTERVAL ADVANCE may be used in conjunction
with MANUAL CONTROL ENABLE to produce man-
ual control of the unit with timed vehicle change and
clearance intervals,

INTERVAL ADVANCE shall be used in conjunction
with STOP TIME to advance tkrough all serviceable
intervals except that the controller unit shall not advance
beyond the GREEN DWELL/SELECT state without a
serviceable conflicting call, except when RED REST is
active,

5. Manual Control Enable— An input to place vehi-
cle and pedestrian calls on all phases, stop cont-oller unit
timing in all intervals exzept vehicle change and clear-
ance intervals, and inhibit the operation of INTERVAL
ADVANCE during vehicle change and clearance inter-
vals,

When this function is used in conjunction with IN-
TERVAL ADVANCE, the operation of the controller
unit shall be as follows:

a. When concurrent pedestrian service is not
provided, one activation of the INTERVAL ADVANCE
shall advance the controller unit to GREEN DWELL/
SELECT, from which it shall immediately select a phase
next and advance to the YELLOW, subject to the con-
straints of concurrent timing.

. b.  When concurrent pedestrian service is pro-
* vided, two sequentia) activations of the INTERVAL AD-
VANCE input shall be -equired to advance through a
given GREEN interval. The first actuation shall termi-
nate the WALK interval, and the second shall terminate
the GREEN interval, including the PEDESTRIAN
CLEARANCE interval.

¢. All vehicle change and clearance intervals
are timed intermally by the controller unit. Acruations of
the INTERVAL ADVANCE input during vehicle change
and clearance intervals shall have no effect on the con-
troller unit.

6. Call to Nonactuated Mode (Two per Unit)—Two
inputs shall be provided which when activated shall

cause any phase(s) appropriately programmed to operate
in the NONACTUATED MODE.

The two inputs shall be designated CALL TO NON-
ACTUATED MODE I and CALL TO NONACTUATEL
MODE II. When both inputs are active, all phases pro-
grammed for NONACTUATED MODE shall operate ir-
the NONACTUATED MODE as described ir
14.3.2.2(3).

Only phases equipped for pedestrian service shall be
used for NONACTUATED MODE operation.

7. External Minimum Recall to All Vehicle Phases—
Input to place a recurring demand on all vehicle phases
for a minimum vehicle service.

8. Indicator Lamp Control—Input to disable con- .
troller unit indicators. The controller unit might not em-
ploy this input. (Authorized Engineering Informatiom

4-7-1983),

9. Test Input (Two per Unit)—Test input, two pe:
unit, for manufacturer’s use only.

10.  External Start—An input to cause the controlle
unit to revert to its programmed initialization phase(s)
and interval(s) upon application. Upon removal of this
input the controller unit shall commence normal timing.

11.  Walk Rest Modifier—This input when true shall
modify nonactuated operation only. With this input ac-
tive, nonactuated phase(s) shall remain in the timed-ou!
WALK state (rest in WALK) in the absence of a service-
able conflicting call without regard to the HOLD inpu:
status. With this input nonactive, nonactuated phase(s
shall not remain in the timed-out WALK state unless the
HOLD input is active.

The controller unit shall recycle the pedestrian move-
ment when reaching State D in the absence of a serviceable

conflicting call [see 14.3.2.2(3d)].

14.3.43 OQurtpuTs

1. Logic Ground—\Voltage reference point and cur-
rent return for controller unit input and output logie
circuits. This output must not be connected to AC—
(Common) or CHASSIS GROUND within the controller
unit.

2. Controller Unit Voltage Monitor—An open col-
lector output which is maintained TRUE (low state) only
as long as the voltages within the controller unit do not
drop below predetermined levels required to provide nor-
mal operation. '

3. Regulated 24 Volts DC for External Use—(see
13.2.4(2)).

4. Flashing Logic Outpur— Alternating TRUE/
FALSE logic output at 1 pulse per second repetition rate
with 50 2-percent duty cycle. In its FALSE state, this
output shall be capable of providing 50 milliamperes of
current. In its TRUE state, this output shall be capable of
sinking 200 milliamperes. This output shall switch



within 5 degrees of the zero crossover point of the ac
line.

5. Load Switch Drivers, Vehicle Overlap (Three per
Overlap)—Provision of separate GREEN, YELLOW, and
RED outputs for each overlap when determined internal
to the controller unit—four overlaps maximum. A circuit
closure to LOGIC GROUND shall be maintained at one
of these outputs at all times. The three outputs shall
energize the appropriate overlap signal load switching cir-
cuit to result in a GREEN, YELLOW, or RED indica-
tion for the duration of such required indication. (See
14.3.7).

14344 Reo Reverr
A provision within the controller unit whereby an
adjustable (2-6 seconds)* minimum RED indication will
be timed following the YELLOW CHANGE interval and
prior to the next display of GREEN on the same phase.
NEMA Standard 1-29-1981.

14.3.5 Priority of Input Functions

The priority of input functions shall be in the follow-
ing order:

1. Power-up
External start
Phase omit
Pedestrian omit
Interval advance
Stop timing
Manual control cnablet
Force-off
Hold

PN B WN

©

* MANUAL CONTROL ENABLE conditions INTERVAL AD-
VANCE in certain circumstances (see 14.4.3.2(5)).

NEMA Standard 1-29-1981.

14.3.6 Indicators

Indication shall be provided and appropriately labeled
to facilitate the determination of the operation of the unit.
These indications shall consist of the following as a
minimum requirement:

Phase Information—

1. Phase or phases in service

2. Phase or phases next to be serviced

3. Presence of vehicle call

4. Presence of pedestrian call

The above information shall be displayed simul-
taneously for all phases.

* Not less than 2 seconds and. in increments not greater than 1
second.
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Status of Active Phase in the Ring—
Initial

Extension

Yellow change

Red clearance

Walk

Pedestrian clearance

Reason for green termination

a. Gap-out

b. Maximum time-out

¢. [Force-off

8. Rest state (dwell).

The above information shall be displayed simul-

taneously for both rings in a dual ring controller.
NEMA Standard 4-7-1983.

SO e Bl e

14.3.7 Overlaps
All controller units of three phases or more shall be

capable of being expanded to include internally gener-

ated overlaps.

When required, overlaps shall be provided in the man-
ner, described below. To distinguish from basic phases,
overlaps are designated alphabetically A, B, C, and D.

14.3.7.1 OveRLAP GENERATION
1. Three-phase Controller Unites—A minimum of
three overlaps shall be provided. Three outputs
shall be provided for each overlap—GREEN,
YELLOW, and RED. If fixed overlaps are pro-
vided, they shall be as follows:
OL A = 02 + @3
OL B g1 + @3
OLC =01 + 02

2. Four or More Phase Coniroller Units—The gen-
eration of control for overlap signal indications for con-
troller units expandable to four or more phases shall be
programmable and shall providle GREEN, YELLOW,
and RED load switch drivers for each of four overlap
signals.

3. Change and Clearance Timing—The timing for
YELLOW CHANGE and RED CLEARANCE overlap
signals shall be determined by either:

a. The phase terminating the overlap, or
b. An independent adjustment for each overlap
signal.

14.3.7.2 OvERLAP PROGRAMMING

The method of programming of overlap signal control
shall be either by:
1. Means optional to the manufacturer, or
2. Use of an interchangeable plug-in printed circuit
board assembly, as described below:
a. Size of board (See Fig.14-9, Detail B).
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b. Contact area mates with 22/44 connector
with 0.156-inch spacing (Winchester Part No. 8BDJ 22,
or equivalent).

¢. Polarization obtained by notching of printed
circuit board at “21-Y" (reference Fig. 14-9, Detail A)
contact position and insertion of a key in the connector at
that position.

d. Programming boards shall contain no com-
ponents other than wire jumpers which shall be soldered
in place.

e. Programming board shall be accessible from
the front of the controller unit without removing the unit
from the cabinet.

f. Programming board shall be provided with a
handle (Vero Electronics Inc., Part No. CH/C/10037, or
equivalent).
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g. Pin assignments shall conform with Fig.
14-9, Detail C.

h. Typical Programming—The arrangement of
the overlap program printed circuit board shall be as
indicated in Fig. 14-9, Detail B.

When programming an overlap, a jumper shall be
placed on the program printed circuit board between the
pad of each phase to be included in the overlap and the
corresponding ring pad for that overlap. The number of
jumpers shall be the same as the number of phases in the
overlap.

NEMA Standard 1-29-1981.

The following typical programming illustrates the re-

sulting method of programming overlaps:

Authorized Engineering Information 1-29-1981.

(1) SINGLE RING OVERLAP PROGRAMMING,

TYPICAL EXAMPLE

RING 1

“ o\
PHASE 1 2 3

RING 2

o o o o
5 6 7 8

PHASE 1 + PHASE 3 + PHASE 4 OVERLAP

Dashed lines indicate programming jumpers. Ring 2
overlaps can be programmed in the same manner.

(2) DUAL RING OVERLAP PROGRAMMING,

TYPICAL EXAMPLE

RING 1

LW o o
PHASE 1 2 3

RING 2
f
°o 0 oY%
5 6 7 8

PHASE 1 + PHASE 8 OVERLAP

Dashed lines indicate programming jumpers. -
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Section 15
INDUCTIVE LOOP DETECTORS

Section 15 responds to the need jor a series of vehicle loop detectors which provide inputs for traffic-actuated or
traffic-response control, surveillance, or data collection systems. The inductive loop detector responds to the presence
of vehicles on the roadway by relying upon the effect of the conductive mass of the vehicle on the alternating magnetic
Jield of a loop. When a vehicle passes over the loop of wire embedded in the surface of the roadway, it reacts with .
the alternating magnetic field which is associated with that loop,

These standards cover the performance and aesign requirements of interchangeable inductive loop detector units.
A detector unit used with a sensor loop embedded in the surface of a roadway detects vehicles moving or standing
in the detection zone of the sensor loop. The output of the loop detector unit may be used directly to provide an input
to a vehicle-actuated traffic controller unit or provide inputs to traffic-responsive control and surveillance systems. Loop
detectors generate outputs indicative of vehicles passing through the sensor loop zone of detection. This output may
be used for counting (volume) or for detecting presence time representative of the time that vehicles are in the sensor

loop zone of detection (occupancy), or both.

15.1 LOOP DETECTOR DEFINITIONS

15.1.1 Vehicle Detector System

A system for indicating the presence or passage of
vehicles.
NEMA Standard 8-20-1986.

15.1.2 Loop Detector System

A vehicle detector system that senses a decrease in in-
ductance of its sensor loop(s) during the passage or pres-
ence of a vehicle in the zone of detection of the sensor
loop(s).

NEMA Standard 8-20-1986.

15.1.3 Sensor Loop

An electrical conductor arranged to encompass a por-
tion of roadway to provide a zone of detection and de-
signed such that the passage or presence of a vehicle in
:he'izone causes a decrease in the inductance of the loop
that can be sensed for detection purposes.

P NEMA Standard B-20-1986.

15.1.4 Zone of Detection

That area of the roadway within which a vehicle is de-
tected by a vehicle detector system.
NEMA Standard B-20-1986.

Authorized Engineering Information 8-20-1986.

15.1.5 Loop Detector Unit
‘An electronic device which is capable of energizing the
sensor loop(s), of monitoring the sensor loop(s) induc-
tance and of responding to a predetermined decrease in
inductance with an output which indicates the passage or
presence of vehicles in the zone of detection.
NEMA Standard 8-20-1986.

15.1.6 Channel

Electronic circuitry which functions as a loop detector
unit.
NEMA Standard B-20-1886.

15.1.7 Lead-Iin Cable

The electrical cable which serves to connect the sensor
Joop(s) to the input of the loop detector unit.
NEMA Standard 8-20-1986.

15.1.8 Detector Mode

A term used to describe the duration and conditions of
the occurrence of a detector output.
NEMA Standard 8-20-1986.

15.1.9 Crosstalk

The adverse interaction of any channel of a detector unit
with any other detector channel.
NEMA Standard 8-20-1886.



15.2 FUNCTIONAL STANDARDS

15.2.1 Operation

The inductive loop vehicle detector unit defined and de-
scribed in this standard shall respond to changes in the
inductance of the sensor loop/lead-in combination(s) con-
nected to its loop input terminals. It shall develop a detec-
tion output when there is a sufficiently large decrease in
the magnitude of the connected inductance.

The sensor loop(s) connected to the detector unit input
terminals shall be located at the intended zone(s) of detec-
tion. The sensor loop(s) shall be connected to the detec-
tor unit by means of lead-in cable.
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The sensor loop(s) shall be so configured that the pres-
ence of a vehicle in each zone of detection causes a suffi-
cient decrease in inductance to cause an output response
from the detector unit. i

NEMA Standard 8-20-1586.

15.2,2 Configurations and Dimensions

15.2.2.1 CONFIGURATIONS

This standard covers detector unit configurations shown
in Table 15-1.
' NEMA Standard 8-20-1986.

Table 15-1
DETECTOR UNIT TYPES
Without Delay/Extension With Delay/Extension
Dectector Type Relay Output Solid State Output Relay Output Solid State Output
Shelf Mounted
10 Pin MS
Connector(s)
1 Channel Type 1 Type 2 Type IT Type 2T
2 Channel Type 3 Type 4 Type 3T Type 4T
(Reserved)
Card Rack
2 Channel Type 7 Type 7T
4 Channel Type 8 Type 8T
Shelf Mounted
19 Pin MS
Connector
4 Channel Type 9

Each chanrel shall bé provided with independent loop input terminals and shall deliver detection information on independent output terminals, -
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15.2.2.2 DIMENSIONS

1. Shelf mounted one-channel units shall be a maxi-
mumof2.5" W X 7"H X 9" D, including projec-
tions, but excluding the matirg connector.

2. Shelf mounted two or four-channel units shall be a
maximum of 3.5" W X 7" H x 9" D, including
projections, but excluding the mating connector.

3. Two-channel card rack units shall be 1.14" max,
W x 4.5"H x 7.00" D, excluding the handle as
shown in Figure 15-1.

4. Four-channel card rack units shall be 2.31" max.
W x 45"H x 7.00" D, excluding the handle as
shown in Figure 15-2.

NEMA Standard 8-20-1986.

15.2.3 Connectors

On shelf mounted units, all inputs nd outputs, including
power, shal] enter the unit through a front panel connec-
tor. The connectors of shelf mounted units shall mate with
the connectors specified in these standards.

NEMA Standard 8-20-1986.

15.2.4 Accessibility

The detector unit shall bz easily disassembled to gain
access for maintenance. When thus disassembled , the de-
tector unit shall be operational for trouble shooting.

NEMA Standard 8-20-1986,

15.2.5 Material and Construction of Rigid
Printed Circult Assemblies

15.2.5.1 MATERIALS

All printed circuit boards shall be made from NEMA
flame recistant Grade FR-4 laminates (glass-epoxy), or
equivalent (see NEMA LI 1, Industrial Laminated Ther-
- mosetting Products). Circuit boards exceeding two inches

in any dimension shall be at least !/, inch nominal
* thickness. Circuit boards nct exceed:ng two inches in any
- dimenssion shall be at least '/; inch nominal thickness.

15.2.5.2 CONDUCTORS

The walls of all plated-through holes shall have a
minimum copper, or equivalent plating thickness of 0,001
inch. All circuit tracks shall have a conductivity equivalent
to at least one ounce per square foo: of copper. All elec-
trical mating surfaces shall be made of noncorroding
material,

15.2.5.3 COMPONENT |DENTIFICATION

The unit shall be designad so that each component is
identified by a circuit reference symbol. This identifica-
tion shall be affixed to the printed circuit board(s), the

STD.NEMA TS 1-ENGL 1487

cover of the unit, or in an assembly drawing provided with
the unit.
NEMA Standard 8-20-1986.
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15.2.6 Environmental Requirements

Loop detector units shall operate in accordance with re-
quirements listed herein under the following environ-
mental conditions. The words “‘loop detector unit”’ shall
be substituted for *‘controller assembly”’ where they ap-
pear for the purpose of this section.

15.2.6.1 VoLTAGE, AC POWERED UNITS

1. Voltage Range—The voltage range shall be in ac-
cordance with 2.1.2.

2. Frequency Range—The frequency range shall be in
accordance with 2.1.3.

15.2.6.2 VoLTAGE, DC POWERED UNITS

1. Voltage Range—The voltage range shall be 24 VDC
+ 2.5 VDC. ‘
2. Ripple—The maximum supply ripple shall be 500

millivolts peak to peak.
15.2.6.3 AC POWER INTERRUPTION

Two or more power interruptions which are separated
by power restorations of 1500 milliseconds or more shall
be considered as separate interruptions. The loop detec-
tor unit shall react to the power interruptions as follows:

1. Three interruptions of 20 milliseconds or less which

are separated by power restorations of 300
milliseconds or more shall not cause the loop detec-
tor unit to revert to its start-up sequence.

2. The loop detector unit shall be permitted to revert

to its start-up sequence following power interrup-
tions longer than 20 milliseconds.

15.2.6.4 TEMPERATURE AND HUMIDITY

Temperature and humidity shall be in accordance with
2.1.5.

15.2.6.5 TRANSIENTS, AC POWERED UNITS

Loop detector units using 120 VAC 60 Hz input power
shall meet the following requirements:

1. The detector unit shall withstand the high-repetition
noise transients as described in 2.1.6.1.

2. The detector unit shall withstand the low-repetition,
high-energy transients as described in 2.1.6.2.

3. The detector unit shall withstand the nondestructive
transient as described in 2.1.8.

15.2.6.6 TRANSIENTS, DC POWERED UNITS

Loop detector units using 24 VDC input power shall
operate normally when the test impulse described in 2.1.7
is applied as follows:

TS 1-1989
Page 75

1. Between LOGIC GROUND and the +24 VDC
power input. The test set-up shown in Figure 15-3
shall be used for this test.

2. Across the output terminals of each channel while
in both the detect and non-detect condition.

3. Between LOGIC GROUND and the control inputs.

Detector loop inputs are specifically excluded from this

test.

10 MILLIHENRIES
+ 24 VDC INPUT

DC TEST DETECTOR
POWER UNDER
SOURCE TEST
LOGIC
GROUND CHASSIS
+ TRANSIENT ~ GROUND
TRANSIENT
GENERATOR
TEST CONDITIONS:

1. Transient generator is described in 2.1.7.

2. The input voltage shall be 24 + 2.5 volts dc measured at the input
terminal to the loop detector under test.

3. The dc power source must be capable of supplying at least 100
milliamperes per channel.

4. When testing for the reverse polarity transient, the diode shown shall
be reversed.

Figure 15-3
TEST CONFIGURATION

15.2.6.7 TRANSIENTS, LOOP DETECTOR
INPUT TERMINALS

The detector shall be capable of withstanding the follow-
ing two nondestructive transient tests:

1. The detector loop input terminals, with loop not con-
nected, shall be subjected to the nondestruct tran-
sient immunity test described in 2.1.8, except that
the amplitude shall be 200 volts + 5 percent.

2. Each detector loop input terminal shall be subjected

to one transient pulse of each polarity between the
loop terminal and chassis ground with the other loop
terminal ungrounded and repeated with the other ter-
minal connected to chassis ground as shown in Fig-
ure 15-4.
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LOOP
100 DETECTOR
MICROHENRIES UNIT
1 : g *SENSOR LOOP INPUT
T e e *SENSOR LOOP INPUT
11213I4 12 13 14
\&Q
TEST SELECTOR e *CHASSIS GROUND
SWITCH
50 A 50 MICFOHENRIES
TEST
PUSHBUTTON
10K~
TEST

POWER

10 M~ 0.05 | /gosmv NEGATIVE SUPPLY

MFD 3000 V

+ 5%

,J'_ POLARITY SELECTOR
SWITCH
TRANSIENT TEST CONFIGURATIONS

TEST TEST SELECTOR POLARITY TESTED
NUMBER POSITION SELECTOR INPUTS*
1 1 POSITIVE DTOH
2 2 POSITIVE ETOH
3 3 POSITIVE DTOE
4 4 POSITIVE ETOD
5 1 NEGATIVE DTOH
6 2 NEGATIVE ETOH
7 3 NEGATIVE DTOE
8 4 NEGATIVE ETOD

*The pin designations shown are for a single channel detector. Similar tests shall be performed on
all channels of a multichannel detector.

Figure 154
LOOP INPUT TERMINAL TRANSIENT TESTS

The eight conditions of the test shall be performzd with percent connected in accordance with Figure 154.

the detector operating from its normal power sou-ce and The voltage on the capacitor shall be adjusted to 3000
with a 100 uH + 10 percent coil connected across the volts, + 5 percent.
loop terminals of each channel. The push button shall be activated for at least one sec-

The energy source shall be a capacitor of .05 uF + 5 ond for each of the eight conditions.



15.2.6.8 VIBRATION
The loop detector unit shall maintain both its physical

integrity and operating characteristics when subjected to-

the vibration test in 2.2.5. This test shall be run at nominal
voltage and room environmental conditions.

15.2.6.9 SHoOCK

The loop detector unit shall suffer neither permanent
mechanical deformation nor any damage which renders
it permanently inoperable when subjected to the shock test
described in 2.2.6. '

This test shall be run at room environmental conditions

without power applied to the unit, _
NEMA Standard 8-20-1986.

15.2.7 Power Inputs

15.2.7.1 AC+ (LINE SiDE)

The AC+ (line side) is the protected side of the 120
VAC 60 Hz power source. The steady state input current
per channel shall not exceed 100 milliamperes rms.

16.2.7.2 AC- (COMMON)

The AC - (common) is the unfused and unswitched re-
turn side, neutral of the 120 VAC 60 Hz power source.
This input shall not be connected to LOGIC GROUND
or CHASSIS GROUND within the unit nor to the loop
input terminals.

15.2.7.3 PLus 24 VDC

This input supplies power for DC units and is the source
of power for DC control inputs in AC powered units. The
current consumption of DC powered units shall not ex-
ceed 100 milliamperes per channel. The +24 VDC cur-
rent consumption of AC powered units shall not exceed
10 milliamperes per control input. The return for this in-
put in DC powered units is LOGIC GROUND as described
in 15.2.8 The only return for this input in AC powered
wnits is the control input(s) as described in 15.2.10.1. This
input shall not be connected within the unit to any loop
input. . .

NEMA Standard 8-20-1986.

15.2.8 Logic Ground

This input is the return for the +24 VDC input on DC
powered units. This point shall not be connected within
the unit to AC— (common), or to CHASSIS GROUND,
or to any loop input terminal.

NEMA Standard 8-20-19886.
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15.2.9 Chassis Ground

The loop detector unit shall have a terminal for con-
nection to the chassis of the unit. This input shall not be
connected to LOGIC GROUND, AC— (common), or to
any other point within the unit, except that it shall be per-
missible to use this input as a return for transient protec-
tion devices.

If the unit has a metallic case, the case shall be con-
nected to a CHASSIS GROUND,

NEMA Standard 8-20-1986,

15.2.10 Control inputs

15.2.10.1 DC ConTROL INPUTS

Control inputs shall have the following characteristics
as measured from the negative side of the +24 VDC in-
put supply:

NEMA Standard 8-20-1966.

The negative side of the +24 VDC input supply will
normally be returned to LOGIC GROUND within the
controller assembly. When the negative side of the +24

" VDC input supply is returned to LOGIC GROUND,

LOGIC GROUND is the reference point for the control
inputs. .
Authorized Engineering Information 8-20-1986.

15.2.10.1.1 ‘““Low’’ OR ACTIVE STATE

A voltage between 0 and 8 volts shall be considered
the “low’” or active state.

15.2.10.1.2 *“*HIGH" OR INACTIVE STATE

A voltage greater than 16 volts shall be considered the
“high"™ or inactive state.

15.2.10.1.3 TRANSITION VOLTAGE ZONE OF
INPUT CIRCUITRY

Transition zone of input circuitry from ‘‘low’” state to

“high”” state and vice versa shall occur between 8 and
16 volis. :

15.2,10.1.4 EXTEHNAL TRANSITION TIME

External transition from ‘‘Low’” state to “'high”’ state
and vice versa shall be accomplished within 0.1

millisecond.

15.2.10.1.5 MAXIMUM CURRENT

Over the voltage range 0 to 26 volts DC, maximum cur-
rent *‘in’" or *‘out’’ of any input control terminal shall
be less than 10 milliamperes. The input circuitry shall be
returned to +24 volt DC supply in such a manner
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that the removal of all connections to the input shall allow
the voltage at the input terminal to rise to the + 24 supply
voltage.

15.2.10.1.6 SIGNAL RECOGNITION

Any input signal dwelling in a defined logic state for
less than 1.0 millisecond shall not e recognized. Any in-
put signal dwelling in a defined logic state for more than
30 milliseconds shall be recognized. Successive similar
logic state transitions shell not be recognized when oc-
curring less than 10 milliseconds apart, and shall be rec-
ognized wien occurring r-ore than 135 milliseconds apart.

15.2.10.1.7 ACTIVATION OF DELAY/EXTENSION
' FEATURE

The application of a ‘‘low’ state voltage to a
DELAY/EXTENSION ENABLE input shall activate the
delay/extension feature on the channel.

15.2,10.2 AC CONTROL INPUTS

Control inputs shall have the following characteristics
as measured from the AC —(common) input of the unit:

15.2.10.2.1 “ON" OR ACTIVE VOLTAGE RANGE

Any voltage from 70 to 135 volts AC shall be consid-
ered the *‘on’' or active state.

15.2.10.2.2 “‘OFF" OR INACTIVE VOLTAGE

Any voltage less than 15 volts AC shall be considered

the **off*" or inactive stete.

15.2.10.2.3 INPUT CURRENT

The input current shall not exceed 50 milliamperes.

15.2.10.2.4 SIGNAL RECOGNITION

Any input signal dwelling in a defined logic state for
less than 8.3 milliseconds shall not be recognized. Any
input signal dwelling in a defined logic state for more than
333 milliseconds shall be recognized. Successive similar
logic state transitions shall not be recognized when oc-
curring less than 16.6 milliseconds apart, and shall be rec-

ognized when occurring more than 1 second apart.

15.2.10.2.5 APPLICATION OF AN “‘ON’’ STATE
VOLTAGE TO A DELAY/EXTENSION
INHIBIT INPUT

The application of an *‘on’ state voltage to a DE-

' LAY/EXTENSION INHIBIT input shall deactivate the

delay/extension feature on that unit or channel in the case
of multiple channel units, ' )
NEMA Standard 8-20-198€.

15.2.11 Loop/Lead-In Electrical Properties

Each channel of the detector unit shall function in ac-
cordance with the specific requirements of this standarc
and in addition shall operate without significant degrada-
tion with any sensor loop/lead-in combination which ex-
hibits the following electrical properties as measured a.
the detector unit terminals of the lead-in:

1. Inductance at 50 KHz—50 to 700 microhenries.

2. Q at 50 KHz—greater than 5.

3. Resistance to earth ground—greater than 1 megohm

4. Field installation practices or detector unit desigr
may require grounding the shield of the loop lead-
in cable. Such grounding should be in accordance
with the detector manufacturer’s recommendation
(The last two sentences have been approved as Au-

thorized Engineering Information.)
NEMA Standard 8-20-1986

15.2.12 Test Loop Configurations

Sensor loop and lead-in combinations used to verify the
performance requirements of this standard shall consis-
of the following combinations of 6 ft. x 6 ft. (1.928m
X 1.928m) three turn loops and shielded lead-in cable
as illustrated in Figure 15-5.

1. Single-loop 6 ft. by 6 ft., three tumns, with 100 ft
of lead-in (B0-105 microhenries).

2. Single-loop 6 ft. by 6 ft., three turns, with 1,000
ft. of lead-in (260-320 microhenries).

3. Four loops 6 ft. by 6 ft., three turns, in a row in
the direction of travel and separated by 9 feet
series/parallel connected with 250 ft. of lead-in
(100-140 microhenries). -

NEMA Standard 8-20-198€.
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CONSTRUCTION—Loop dimension tolerances shall be 4 2 inches. Connections shall be soldered and water-
proafed. Loops shall be installed in 2 nonreinforced pavement and located at least 3 feet (.914m) from any con-
ductive material. Lead-in cable shall be spooled. Loop leads shall exit at one corner of the loop structures. All
loop corners shall be chamfered 12 inches.

LOOP WIRE—Each 100p shall be three mrns of AWG #14 cross,linked polycthelenc insulated, stranded copper
wire, such as IMSA (International Municipal Signal Association) Specification 51-3, 1984, or equivalent. Loop
inductance shall be between 60-80 micrchenries.

LEAD-IN WIRE—The lead-in wire shall be AWG #14 twisted pair, aluminum polyester shield, polyethylene
insulation, polyethylene jacket, inductance between 20 uH and 24 uH per 100 feet, such as IMSA Specification
50-2, 1984, or equivalent. Fur standardized test purposes, the shield shall be insulated from ground.

Field installation practices or detector unit design may require grounding the shield of the loop lead-in cable.
Such grounding should be in accordance with the detector manufacturer’s recommendation. (This paragraph
has been approved as Authorized Engineering Information.)

SAWSLOT—The conductors shall be placed at the bottom of a I-¥% + %-inch deep by %-inch wide sawslot.
_ Pavement sawslot shall be filled with a suitable epoxy or equivalent sealant,

FIGURE 15-5
TEST LOOP CONFIGURATIONS
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15.2.13 Test Vehicle Definition

Detector units shall detect all vehicles which ordinar-
ily traverse the public streets and highways and which are
comprised of sufficient conductive material suitably lo-
cated to permit recognition and response by the detector
‘system,

Vehicles are classified by this standard in accordance
with the reduction in inductance resulting when they are
centered in the single 6 ft. by 6 ft., three turn-test loop
with 100 feet of lead-in.

These minimum reductions are as follows:

Class 1:0.13 percent (2X) or 0.12 microhearies (AL)
inductance change with a single 6 ft X 6 ft, three turn
loop, with 100 ft lead-in (small motorcycle);

Class 2: 0.32 percent %) or 0.3 microhenries (AL)

inductance change with a single 6 ft X 6 ft, three turn
loop with 100 ft lead-in (large motorcycle);

Class 3: 3.2 percent (—ﬁ‘“—l‘) or 3.0 microhenries (AL)

inductance change with a single 6 ft X 6 ft, three turn
loop, with 100 ft lead-in {automobile).

The maximum reducticn caused by any test vehicle shall
be 5.4 percent (él._) or 5 microhenries (AL) inductance
L

change with a single 6 ft < 6 ft, three turn loop with 100
ft lead-in.
NEMA Standard 8-20-1986.

15.2.14 Sensltivity

The detector unit shall be capable of detecling any of
the vehicles defined in 15.2.13 on any of the test loops

defined in 15.2.12.
NEMA Standard 8-20-1986.

15.2.15 Sensitivity Control

When detecting test vehicles as described in 15.2.13
and operating on any of the test loop configurations de-
scribed in 15.2.12, each channel of the detecter unit shall
© includ2 means to adjust the sensitivity such that it shall
not produce an output when the nearest point of any test
vehicle of 15.2.13 is 36 inches or more outside the loop(s)
perimeter. A minimum of three sensitivity selections shall
be provided for each detection channel.

NEMA Standard 8-20-1986.

15.2.16 Approach Speed
The detector unit shall detect ny vehicle dsscribed in

15.2.13 over any of the single loops described in 15.2.12
traveling within the speed range of 5 to 80 miles per hour.

The detector unit shall detect any vehicle described ia
15.2.13 over all of the loops of the four loop configura-
tions described in 15.2.12 traveling w;thm the speed rang2
of 5 to 20 miles per hour.

All channels of a multichannel detector shll be oper-
ating at the same sensitivity and connected to equivalert
inductances for the purpose of these tests.

NEMA Standard 8-20-1986.

15.2.17 Modes of Operation

Each detector channel shall be capable of functioning
in the following two front panel selectable modes:

15.2.17.1 PRESENCE

‘When a Class 2 vehicle defined in 15.2.13, or larger
vehicle occupies the center of any test loops described in
15.2.12, the detector unit shall be capable of maintair-
ing a detection output for 2 minimum of 3 minutes.

15.2.17.2 PuULsSE

A detection output between 100.and 150 milliseconcs
shall be initiated when a vehicle enters the sensor loop
zone of detection.

H this vehicle remains in the zone of detectlon, the de-
tector unit shall become responsive within a maximum
of 3 seconds to additional test vehicles entering the zone
of detection.

The detector unit shall produce one and only one ou-
put pulse for a test vehicle traveling at 10 miles per hour
across the zone of detection of the single sensor loops de-
fined in 15.2.12.

NEMA Standard 8-20-1988.

15.2.18 Recovery from Sustained Occupancy

‘When operating in the presence mode, and following

a sustained occupancy of 5 minutes, the detector unit shall
recover to normal operation with at least 90 percent of
its selected sensitivity within one second after the zore
of detection is vacated.
: NEMA Standard 8-20-198s.

15.2.19 Response Time

When operating in the presence mode, the detector unit
shall be capable of being set to produce an output in
response to a step decrease in inductance equivalent 1o
the minimum decrease from a Class 1 vehicle defined



in 15.2.13 within not more than 125 milliseconds when
tested on either of the single loop test configurations de-
scribed in 15.2.12. In response to step return to the orig-
inal inductance, the detector unit shall terminate its out-
- put within no more than 125 milliseconds.

When operating in the presence mode, the detector unit
shall be capable of being set to produce an output in re-
sponse 10 a step decrease in inductance equivalent to the
minimum decrease from a Class 3 vehicle defined in
15.2.13 within not more than 50 milliseconds when tested
on either of the single loop test configurations described
in 15.2.12. In response to a step return to the original
inductance, the detector unit shall terminate its output
within not more than 50 milliseconds.

All channels of a multi-channel detector unit shall be
operating at the same sensitivity and connected to equiv-
alent inductances for the purpose of these tests.

NEMA Standard 8-20-1986.

For certain specific surveillance applications involving
vehicle speeds in excess of 45 m.p.h., more precise re-
sponse times might be required.

Authorized Engineering Information 8-20-1936.

15.2.20 Tuning

Each detector channel shall include one of the follow-
ing means for accommodating the range of sensor loop/
lead-in inductance,

15.2.20.1 ManuaL TUNING

The unit shall be capable of being tuned by an operator
_using one or more tuning controls. All necessary tuning
controls shall be located on the front panel of the unit.
It shall be possible to complete tuning within 3 minutes
after the application of power. The unit shall achieve nor-
mal operation and at least 90 percent of its selected sen-
sitivity within 3 minutes following tuning.

15.2.20.2 SELF-TUNING

The unit shall tune automatically upon the application
of power. It shall achieve normal operation and at least
90 percent of its selected sensitivity within 30 seconds
after application of power.

NEMA Standard 8-20-1985.

15.2.21 Sel-Tracking
The detector unit shall automatically accommodate those
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after-tuning changes in the loop/lead-in electrical char-
acteristics as might reasonably be expected to occur in
undamaged loops, properly installed in sound pavement
and exhibiting the electrical properties outlined in 15.2.11,
without producing a false output or change in sensitivity.

NEMA Standard 8-20-1986.

15.2.22 Recovery from Power Interruption

After a power interruption longer than 20 milliseconds,
the detector unit shall resume normal operation, with at
least 90 percent of its selected sensitivity, within 30 sec-
onds after the main supply voltage recovers to a voltage
within the specified limits. )

NEMA Standard 8-20-1986.

15.2.23 Crosstalk Avoidance

Each detector channel shall include means to prevent
that channel from adversely interacting with any other
channel. The means to prevent such interaction shall be
either inherent, automatic, or manual.

NEMA Standard B-20-1986.

15.2.24 Delay/Extension

Each channel of a unit with delay/extension shall have
three modes of operation—delay, extension, and normal
(i.e., neither delay nor extension). Channels 1 and 2 of
four channel detector units shall be the ones to include
the delay/extension feature.

15.2.24.1 DELAY

When selected, the output is delayed for the time set.
If the vehicle departs before the time set, an output does
not occur and the timer is reset. This delay timing is con-
trolled by the DELAY/EXTENSION ENABLE input de-
fined in 15.2.10.1.7 or DELAY/EXTENSION INHIBIT
input defined in 15.2.10.2.5. See Figure 15-6.

The delay time shall be adjustable in the range from
0 to 30 seconds. The setability shall be within one second
in the 0-15 second range and within two seconds in the
16-30 second range. The accuracy shall be + Y2 second
or + 5 percent of the setting, whichever is greater. When
the DELAY/EXTENSION ENABLE input is inactive, the
delay shall be zero (0 to 0.1 seconds). When the DE-
LAY/EXTENSION INHIBIT input is active, the delay
shall be zero (0 to 0.1 seconds).
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DELAY OPERATION — OUTPUT OCCURS
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Figure 15-8
DELAY OPERATION

- Care should be taken when installing a detector unit
which employs DELAY/EXTENSION INHIBIT opera-
tion in place of a detector unit which does not have this
feature as delay operation may be initiated which would
cause improper intersection operation unless the delay/ex-
tension timing is set to zero. (This paragraph has been
approved as Authorized Engineering Information.)

15.2.24.2 EXTENSION

When selected, the output is extended after the vehicle
departs the zone of detection for the time set. If a new
vehicle arrives before the extension timer times out, the
timer is reset, the output is maintained, and the timer re-
sumes timing when the vehicle departs. See Figure 15-7.
This extension timing is controlled by the DELAY/EX-
TENSION ENABLE input defined in 15.2.10.1.7 or DE-
LAY/EXTENSION INHIBIT input defined in 15.2.10.2.5.

The extension time shall be adjustable in the range from
0 to 7% seconds. The setability shall be within % second.

The accuracy shall be + % second. When the
DELAY/EXTENSION ENABLE input is inactive, the ex-
tension shall be zero (0 to 0.1 seconds). When the
DELAY/EXTENSION INHIBIT input is active, the ex-
tension shall be zero (0 to 0.1 seconds).

NEMA Standard 8-20-1986.
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Figure 15-7
EXTENSION OPERATION
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15.2.25 Controls and Indicators

All controls and indicators necessary for the operation
of the detector unit shall be located on the front panel of
the unit except as noted below. Multiple functions com-
bined in a single control shall be permitted. The controls
and indicators shall include, but are not limited to:

L.

Output Indicator—Means to visually indicate the out-
put state of each channel. Each channel shall have
a separate indicator.

. Sensitivity Control—Means to permit selection of the

sensitivity of each channel as described in 15.2.15,

. Overcurrent Protection Device—Required for ac

powered units. If the overcurrent protection device
on an ac powered unit is a fuse or circuit breaker,
it shall be accessible from the front panel. Internal
mounting of any other overcurrent protection device
shall be permitted.

. Manual Tuning Control—When required, it shall

permit accommodation of the range of loop/lead-in
inductances.

. Reser—A control which unconditionally causes the

detector or detection channel to retune to a non-
vehicle present condition.

. Mode Selector—Shall provide for selection of pulse

or presence mode operation of each channel. Card
mounting of this control shall be permitted on card
rack units.

. Crosstalk Control—As required, shall provide means

to prevent interaction of channels as described in
15.2.23. Card mounting of this control shall be per-
mitted on card rack units.

. Delay/Extension Selection Control—The unit shall

have either a control or combination of controls to
allow for the selection of one of three operating
modes—delay, extension, and normal (i.e., neither
delay nor extension). It shall be permissible to have
the normal mode selected by either setting a three
position selector switch to the normal position or set-
ting the delay/extension timing control to zero. Card
mounting of the control(s) shall be permitted on card
rack units,

. Delay/Extension Timing Control—Shall provide

means to permit setting of the time duration of the
delay/extension period for each channel as described
in 15.2.24. When a unit employing DELAY/EX-
TENSION INHIBIT operation is used to replace a
unit without delay/extension operation, the timing

controls shall be set to zero. Internal mounting of

this control shall be permitted.
NEMA Standard 8-20-1986.

15.2.26 Marking
All units with Delay/Extension and with relay output(s)

shall have a permanently attached notification on
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either the top, front, or side surface which reads as
follows, or the equivalent:

NOTICE: The delay timing on this unit shall be

set to zero if Pin J is not connected to
a 120 VAC timing inhibit signal.
NEMA Standard 8-20-1986.

15.2.27 Output -

This standard defines two devices for output interfac-
ing. Detector units shall be configured to have one of the
following devices as defined in 15.2.2. The output device
shall have the following characteristics:

5.2.27.1 RELAY

1.
2:

3.

T

Contacts Closed—Indicate detection output.

Power Outage or Overcurrent Failure Condition—
Contacts closed indicate detection output.

Outpur Circuit Isolation—The isolation between the

output terminals and other terminals shall exceed;

a. Resistance 10 ochms
b. Breakdown 1000 V rms

. Contact Rating (resistive load)
a. 2 milliamperes through 1 ampere @ 18 to 28

volts, :
b. 0.5 amp @ 120 VAC

¢. Maximum closed contact resistance—1 ohm.
. Mounting—Plug-in with socket or direct solder

mounting.

. Minimum Operations

a. 10° with contacts at rated load
b. 107 total mechanical

Contacts shall be closed if the loop circuit is open,

15.2.27.2 SoLID STATE (ISOLATED)

L

2.

Output Solid State Device—Conducting indicates
detection output.
Power Outage or Fuse Failure Condition—Output
device is nonconductive, indicating a no detection
output condition.

. Output Circuit Isolation—The isolation between each

output device terminal pair and all other terminals
shall exceed:

a. Resistance 10° ohms
b. Breakdown 1000 V rms

4. Output Rating—The output shall conduct a minimum

of 20 milliamperes with a maximum 1.4 volt drop
across the output terminals in the conducting state.
The output shall conduct a maximum of 50 micro-
amperes with any voltage between 0 and 26 VDC
applied across the output terminals in the non-
conductive state.
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5. Transition Time—When switching to or from a
steady state current in the range of 2.4 to 20 milli-
amperes, the transit:on time from 8 to 16 volts and
vice versa shall be 0.1 milliseconds or less. The cir-
cuit(s) to which the output is connected is defined
in 13.2.3.

6. Maximum Voltage—Hold off 30 VDC minimum
under non-detect conditions

7. Solid state devices shall be conducting i~ the loop
circuit is open.

NEMA Standard 8-20-1986.

15.2.28 Electrical Connections Without
Delav/Extension Timinas
Detector units without Delay/Extension Timing shall
have connector and connector pin terminations as defined
in the following:

““‘Reserved’’ connector pin terminations are exclusively
for assignment by this NEMA Standards Publication of
additional specific input-output functions and/or reasons
of interchangeability with units already in use not in con-
formance to this standard. These connector pins shall not
be internally connected, except as specifically defined by
this NEMA Standards Publication.

15.2.28.1 SINGLE-CHANNEL, SHELF-MOUNTED
DETECTOR

Typel. Relay Outpur—Shall mate with cable connec-
tor MS3106A-18-18, or equivalert. Input-output connec-
tor pin termination shall be as follows:

Pin A ~ AC- (common)

Pin B Relay Common

Pin C  AC+ (line side)

Pin D  Loop Input

Pin E  Loop Input

Pin F Output Normally Open (continuicy to relay
common during detect)

Pin G  Reserved*

Pin H  Chassis Ground

Pin I Reserved
PinJ Reserved

*May be connected to the normally closed sutput of the relay—for special .

function use only. During ncrmal operstion, standard cetector func-
tions, as defined in this standard, will not require a connection to this
pin. Detector unit hamesses will not normally contain a wire connected
to pin G. (This note has becn approved as Authorized Engineering
Information.} .

Type 2. Solid State Output (Isolated)—Shall mate with
cable connector MS3106A-18-1SW, or equivalent. Input-
output connector pin terminations shall be as follows:

Pin A AC- (common)
Pin B Output (—)

Pin C AC+ (line side)
Pin D  Loop Input

Pin E  Loop Input

Pin F  Output (+)
PinG  Spare

Pin H  Chassis Ground

Pin I Reserved
Pin J Reserved

A Type 2 unit is not physically or electrically inter-
changeable with a single channel detector with a relay
output. (This sentence has been approved as Authoriz-
ed Engineering Information) '

15.2.28.2 TwoO-CHANNEL, SHELF-MOUNTED
DETECTORS

Type 3. Relay Ouiput, 2-Channel—Shall have two
connectors each of which shall mate with cable connec-
tor MS3106A-18-18, or equivalent.

A Type 3 unit is not physically or electrically inter-
changeable with a 2 channel detector unit with a solid-
state output. (This semtence has been approved as
Authorized Engineering Information.)

Input-output connector pin terminations shall be a3
follows:

Channel 1, Connector

Pin A AC-— (common)

Pin B  Relay Common, Ch 1

PinC AC+ (line side)

PinD Loop Input, Ch 1

Pin E  Loop Input, Ch 1

Pin F  OQutput Normally Open, Ch 1 (Continuity t
relay common Ch 1 during detect)

Pin G Reserved**

Pin H ~ Chassis Ground .

Pin 1 Reserved
Pin J Reserved

Channel 2, Connector

Pin A  Reserved
Pin B Relay Common, Ch 2
Pin C Reserved*



Pin D  Loop Input, Ch 2

Pin E  Loop Input, Ch 2

Pin F  Output Normally Open, Ch 2 (continuity
to relay common Ch 2 during detect)

Pin G Reserved**

Pin H Chassis Ground

Pinl  Reserved

Pin J Reserved

*Shall not be internally connected,

*¥May be connected to the normally closed output of the relay—for
special function use only. During normal operation, standard detec-
tor functions, as defined in this standard, will not require a connec-
tion to this pin. Detector unit harnesses will not normally contain
a wire connected 10 pin G. (This note has been approved as Authorized
Engineering Information.)

Type 4. Solid-State Outpur (Isolated) 2-Channel—
Shall have two connectors, each of which shall mate with
cable connector MS3106A,-18-1SW, or equivalent. A re-
lay output unit is not physically or electrically inter-
changeable with a solid-state output unit due to rotation
of the connector insert. Input-output connector pin ter-
minations shall be as follows:

Channel 1, Connector

Pin A AC- (common)
PinB  Output Ch 1 (—)
Pin C  AC+ (line side)
Pin D Loop Input, Ch I
Pin E  Loop Input, Ch 1
Pin F  Output, Ch 1 (+)
Pin G Spare

Pin H Chassis Ground

Pin 1 Reserved
PinJ Reserved

Channel 2, Connector

Pin A  Reserved

PinB  Output, Ch 2 (=)
Pin C  Reserved*

Pin D  Loop Input, Ch 2
Pin E  Loop Input, Ch 2
PinF  Output Ch 2 (+)
Pin G  Spare

Pin H Chassis Ground

Pin I Reserved
Pin J Reserved

*Shall not be internally connected.
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15.2.28.3 TyPes 7 & 8 CARD RACK—TwoO
AND FOUR-CHANNEL

Two and four-channel card racks shall mate with a
44-terminal, double-row, 0.156-inch contact spacing,
Cinch Jones card edge connection 50-44A-30M, or equiv-
alent. Input-output connector pin terminations shall be as
follows:

Pin A Logic Ground 1. Reserved

PinB  +24 VDC Supply 2. Reserved

Pin C  Reserved for 3. Spare

Reset

PinD  Loop Input, Ch 1 4. Redundant

Loop Input,
; Ch 1 (optional)

Pin E  Loop Input, Ch 1 5. Redundant
Loop Input,
Ch 1 (optional)

Pin F  Output, Ch 1 (+) 6. Spare

Pin H  Output, Ch 1 (=) 7. Spare

PinJ Loop Input, Ch 2 8. Redundant
Loop Input,
Ch 2 (optional)

Pin K Loop Input, Ch 2 9. Redundant
Loop Input,
Ch 2 (optional)

Pin L  Chassis Ground 10. Spare

Pin M Reserved 11. Reserved

Pin N Reserved 12. Reserved

Pin P - Loop Input, Ch 3 13. Redundant
Loop Input,
Ch 3 (optional)

PinR  Loop Input, Ch 3 14. Redundant
Loop Input,

; Ch 3 (optional)
Pin S  Output, Ch 3 (+)  15. Spare

Pin T Output, Ch 3 (—) 16. Spare

Pin U  Loop Input, Ch 4 17. Redundant
Loop Input,
Ch 4 (optional)

PinV ~ Loop Input, Ch4  18. Redundant
Loop Input,
Ch 4 (optional)

Pin W  Output, Ch 2 (+) 19. Spare

Pin X  Output, Ch2 (=)  20. Spare

PinY Output,Ch4 (+) 2l. Spare

PinZ  Output, Ch4 (—)  22. Spare

Polarization keys shall be located at three positions:
1. Between B/2 and C/3

2. Between M/11 and N/12

3. Between E/S and F/6

Two-channel units shall have no connection to pins P,
R,S,T,U, V, Y, Z, 13, 14, 17, and 18.



TS 1-1989
Page 86

15.2.28.4 TyrE 9 RELAY OUTFUT

FouRr CHANMEL MS CONNECTOR

Shall mate with 19 pin cable connector MS 3106A-
2-148, or equivalent.
Input-output connector pin terminations shall be as

follows:

Pin A AC- (common)

Pin B Relay Common, Ch 4 Pin C AC+
(line side)

Pin D  Loop Input, Ch 1

Pin E Loop Input, Ch 1

Pin F  Loop Input, Ch 2

Pin G  Loop Input, Ch 2

Pin H  Chassis Ground

Pin ] Loop Input, Ch 3

Pin K Loop Input, Ch 3

Pin L . Loop Input, Ch 4

Pin M Loop Input, Ch 4

Pin N  Output Normally Opea, Ch 1 (continuity
to relay common Ch 1 during detect)

Pin P Relay Commen, Ch 1

Pin R  Relay Common, Ch 2

Pin §  Output Normally Open, Ch 2 (continuity
to relay common Ch 2 during detect)

Pin T  Relay Commen, Ch 3 -

Pin U  Output Normally Open, Ch 3 (continuity
to relay common Ch 3 during detact)

Pin V  Output Normally Open, Ch 4 (continuity

to relay common Ch 4 during detzct)
NEMA Standard 6-20-1986.

15.2.28 Electrical Connections With
Delay/Extension Timings

Detector units with Delay/Extension Timing shall have
connector and connector pin terminations as defined as
follows:

“*Reserved’’ connector pin terminations are exclusively

for assignmemt by this NEMA Standards Publization of
additional functions and for reasons of interchangeabil-
ity with units in use, but not already in conformance to
‘this standard. These connector pins shall not be internally
connected, except as specifically defined by this NEMA
Standards Publication.

7 15.2.29.1 SINGLE-CHANNEL, SHELF-MOUNTED
DETECTOR

Type IT Relay Outpur—Shall mate with cable connec-
tor MS3106A-18-18, or equivalent. When this unit is used
to replace a Type 1 unit of the same keying, the delay/
extension timing shall be set to Zero.

Failure to sei the delay/extension timing to z:ro when
replacing a detector unit without Celay/extension opera-
tion may initiate delay operation which will cause im-

proper intersection operation. A relay output unit is not
physically or electrically interchangeable with a solid state
unit due to rotation of the connector. (This paragraph has
been approved as Authorized Engineering Information.)

Input-output connector pin terminations shall be as
follows:

Pin A — (comimon)

Pin B Relay Common

PinC AC+ (line side)

Pin D  Loop input

Pin E Loop Input

Pin F  Output Normally Open (continuity to
relay common during detect)

Pin G  Reserved*

Pin H  Chassis Ground

Pin I Reserved

PinJ Delay/Extension Inhibit Input (AC)

*May be connected to the normally closadculmtoflhe relay—for special
function use dnly. During normal operation siandard detection func-
tions as defined in this standard will not mqmro a connection 10 t.his
pin. Detector unit harnesses will not in & wire
to pin G. (This note has been approved as Authorized Engineering
Information.)

Type 2T Solid-State Ouiput (isolated)—Shall mate with
cable connector MS3106A-18-1SW, or equivalent.

A Type 2T unit is not physically or electrically inter-
changeable with a single channel detector with a relay
output. (This sentence has been approved as Authoriz-
ed Engineering Information.}

Input-output connector pin terminations shall be as

follows:

Pin A AC- (ccmmon)

PinB  Output (=)

Pin C AC++ (line side)

PinD  Loop Input

PnE  Loop Input

Pin F Output (+)

PinG  Spare

Pin H  Chassis Ground

Pin I +24 VDC Supply Input

Pin J Delay/Extension Enable Input (DC)

16.2,.29.2 TwoO-CHANNEL, SHELF-
MOUNTED DETECTORS

Type 3T Relay Output, 2-Channei—Shall have two
connectors each of which shall mate with cable connec-
tor MS3106A,18-1S, or equivalent.

When this unit is used to replace one Type 3 or two
Type 1 units of the same keying, the delay/extension tim-
ing shall be set to zero. Failure to sct the delay/exten-
sion timing to zero when replacing a detector unit with-
out delay/extension operation may initiate delay
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operation which will cause improper intersection opera- Pin C  AC+ (line side)
tion. A relay output unit is not electrically or physically Pin D  Loop Input, Ch 1
interchangeable with a solid-state output unit due to the Pin E  Loop Input, Ch 1
rotation of the connector insert. (Last two sentences have Pin F Qutput, Ch 1 (+)
been approved as Authorized Engineering Information.) Pin G  Spare
Input-output connector pin terminations shall be as Pin H  Chassis Ground
follows: Pin 1 +24 VDC Supply Input
Channel 1, Connector Pin 1 Delay/Extension Enable Input (DC), Ch 1
Pin A AC- (common)
Pin B Relay Common, Ch 1 Cl;aninnf 2. i‘:;:fcgr
PinC  AC+ (line side) Pin B Output, Ch 2 (—)
Pin D  Loop input, Ch 1 Pin C bl
Pin B Loap Tnpii; Ch 1 Pia D  Loop Input, Ch 2
Pin F Output Normally Open Ch 1 (continuity PinE  Loo In ut’ Ch 2
to relay common Ch 1 during detect) Pin F qufut %h’z )
Pin G Reserved** ' Pin G  Spare ’
PinH  Chassis Ground Pin H  Chassis Ground
Mol Resve - PinI  Reserved
einl Delaydodentinn Tl Iapr (AC), S8 1 Pin]  Delay/Extension Enable Input (DC), Ch 2

Channel 2, Connector

Pin A  Reserved

Pin B Relay Common, Ch 2

Pin C  Reserved*

PinD  Loop Input, Ch 2

Pin E  Loop Input, Ch 2

Pin F  Output Normally Open Ch 2 (continuity
to relay common Ch 2 during detect)

Pin G Reserved™*

Pin H  Chassis Ground

Pin I Reserved .

Pin J Delay/Extension Inhibit Input {AC), Ch 2

*Shall not be internally connected.

**May be connected to the normally closed cutput of the relay—for
special function hse only. During normal operation. standard detec-
tor functions, as defined in this standard, will not require a connec-
tion to this pin. Detector unit harness will not normally contain a
wire connectzd to pin G. (This note has been approved as Authot-
ized Engineering Information.)

Type 4T Solid-State Outpwt (Isolated) 2-channel—
Shall have two connectors, cach of which shall mate with
cable connector MS3106A-18-1SW, or equivalent.

A Type 4T unit is not physically or electrically inter-
changeable with a 2 channel detector with relay output.
(This sentence has been approved as Authorized Engineer-
ing Information.)

Input-output connector pin terminations shall be as
follows: '

Channel 1, Connector
Pin A AC- (common)
Pin B Cutput, Ch 1 (~)

*Shall not be internally connected.

15.2.29.3 CanD RACK—TwO AND FOUR CHANNEL

Type 7T and 8T—Shall mate with a 44 terminal,
double-row, 0.156-inch contact spacing, Cinch Jones card
edge connector 50-44A-30M, or equivalent. Input-output
connector pin terminations shall be as follows:

Pin A  Logic Ground 1. Delay/Exten-
sion Enable In-
put (DC), Ch 1
PmB +24 VDC 2. Delay/Exten-
Supply sion Enable In-
put (DC}), Ch 2
Pin C Reserved for 3. Spare
Reset
PinD  Loop Input, Ch 1 4, Redundant
Loop Input,
‘ Ch 1 (optional)
Pin E  Loop Input, Ch 1 5. Redundant
Loup Input,
' : Ch 1 (optional)
Pin F  Output, Ch 1 (+) 6. Spare
PinH Output, Ch 1 (-) 7. Spare
PinJ Loop Input, Ch 2 8. Redundant
Loop Input,
Ch 2 (optional)
PinK  Looplnput, Ch2 9. Redundant
Locp Input,
Ch 2 (optional)
Pin L Chassis Ground 10. Spare
Pin M  Reserved 11. Reserved
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Pin N
Pin P

Pin R

Pin S
Pin T
Pin U

Pin V

Reserved
Loop Input, Ch 3

Loop Input, Ch 3

Output, Ch 3 (+)
QOutput, Ch 3 (—)
Loop Input, Ch 4

Loop Input, Ch 4

12.
13,

14.

15.
. Spare
17,

18,

Reserved
Redundant
Loop Input,
Ch 3 (op-ional)
Redundant
Loop Input,
Ch 3 (oprional)
Spare

Redundant
Loop Input,
Ch 4 (optional)
Redundant
Loop Input,
Ch 4 (optional)

Pin W
Pin X
Pin Y
Pin Z

Output, Ch 2 (+)
Output, Ch 2 (~)
QOutput, Ch 4 (+)
Output, Ch 4 (-)

19. Spare
20. Spare

21. Spare
22. Spare

Polarization keys shall be located at three positions:
1. Between B/2 and C/3
2. Between M/11 and N/12
3. Between E/5 and F/6

Two channel units shall have no connection to pins P,
R,S, T,U,V,Y,Z, 13, 14, 17, and 18.

NEMA Standard 8-20-1986.



NEMA STANDARDIZATION

The purpose of NEMA Standards, their classification and status, are set forth in certain clauses of the NEMA
Standardization Policies and Procedures manual and are referenced below.

Purpose of Standards

National Electrical Manufacturers Association standards are adopted in the public interest and are designed to eliminate
misunderstandings between the manufacturer and the purchaser and to assist purchasers in sclecting and obtaining the
proper product for their particular needs. Existence of a National Electrical Manufacturers Association standard does
not in any respect preclude any member or nonmember from manufacturing or selling products not conforming to the
standard. {Standardization Policies and Procedures, p. 1)

Definition of a Standard

A standard of the National Electrical Manufacturers Association defines a product, process, or procedure with reference
to one or more of the following: nomenclature, composition, construction, dimensions, tolerances, safety, operating
characteristics, performance, rating, testing, and the service for which they are designed.

(Standardization Policies and Pracedures, p. 2)

Dimensions

Where dimensions are given for interchangeability purposeé, alternate dimensions satisfying the other provisions of
the Standards Publication may be capable of otherwise equivalent performance.
(Standardization Policies and Procedures, p.8)

Categories of Standards

National Electrical Manufacturers Association Standards are of two classes:

1. NEMA Standard, which relates to a product, process, or procedure commercially standardized and subject to
repetitive manufacture, which standard has been approved by at least 90 percent of the members of the Subdivi-
sion eligible to vote thereon;

2. Suggested Standard for Future Design, which may not have been regularly applied to a commercial product,
but which suggests a sound engineering approach to future development, which standard has been approved by
at least two-thirds of the members of the Subdivision eligible to vote thereon.

(Standardization Policies and Procedures, pp. 7 & 16)

Authorized Engineering Information

Authorized Engineering Information consists of explanatory data and other engineering information of an informative
character not falling within the classification of NEMA Standard or Suggested Standard for Future Design, which stan-
dard has been approved by at least two-thirds of the members of the Subdivision eligible to vote on the standard.

(Standardization Policies and Procedures, pp. 7 & 16)

Official Standards Proposal

An Official Standards Proposal is an official draft of a proposed standard which is formally recommended to an
out?side organization(s) for consideration, comment, and/or approval, and which has been approved by at least 90 per-
cent of the members of the Subdivision eligible to vote thereon.

’ (Standardization Policies and Procedures, pp. 7 & 16)

Identification of Status

Standards in NEMA Standards Publications are identified i the foreword or following each standard as *“NEMA
Standard’’ or “*Suggested Standard for Future Design.”” These indicate the status of the standard. These words are
followed by a date which indicates when the standard was adopted in its present form by the Association.

The matcrial identificd as **Authorized Engincering Information’ and **Official Standards Proposal" is designated
similarly.

September 11, 1989



TRAFFIC CONTROL SYSTEMS SECTION

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION

MEMBER COMPANIES

Automatic Signal Division
A Mark IV Company
Decatur, GA 30032

Computer 3ervice Company
Fullerton, CA 92631

Detector Systems, Inc.
Stanton, CA 90680

Eagle Signal Controls Division
A Mark I Company
Austin, TX 78753

Eberle Design, Inc.
Phoenix, AZ 85040

Econolite Control Products, Inc.
Anaheim, CA 92806

Indicator Controls Corporation
Rancho Dominguez, CA 90221

Kentron, Inc.
Houston, TX 77219-3221

Mercury Electronics
Div. of Diversified Traffic Products
York, PA 17403

Microsense, Inc.
Tallevast, FL 34270-0928

Minnesota Microronics, Inc.

Buffalo, MN 55313

Multisonics Corporation
Norcross, GA 30071

Sarasota Automation, Inc.
Sarasota, FL 33577

Setcon Technologies, Inc.
Redmond, WA 98052

Solid State Devices, Inc.
Tempe, AZ 85282

3M Traffic Control Systems
Safety & Security Systems Division
St. Paul, MN 55144

Traconex, Inc.
Santa Clara, CA 95054

Trafcon, Inc.
Jacksonville, FL. 32207

Traffic Control Technologies, Inc.
Liverpool, NY 13088-0399

Traffic Sensor Corporation
Corona, CA 91720

Traffic & Transportation Supply, Inc.

Fort Worth, TX 76133

Transyt Corporation
Tallahassee, FL 32303



