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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 available, NEMA is not undertaking to render 
professional or other services for or on behalf of any person 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 inspect 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 instaUer, 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 confonning 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 control. 

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

ii 
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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' . 

NEMA Standard 11·6-1975. 

1.1 CONTROL EQUIPMENT 1.1.6.2 F uLL-TRAFFIC-ACTUATED CoNTROLLER As-

1.1.1 Auxiliary Equipment 

Separate devices used to add supplementary features 
to a controller assembly. 

1.1.2 Barrier 

See 14.1 .2. 

1.1.3 Cabinet 

NEMA Standard 11-6-1975. 

An outdoor enclosure for housing the controller unit 
and associated e()uipment. 

NEMA Standard 11 ·6·1975. 

1.1.4 Call 

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

1.1.4 .1 SERVICEABLE CONFLICTING CALL 

A call which: 
l. 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 
uniUlswered ~all. 

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 FLASHER CONTROLLER ASSEMBLY 

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

0 lnstirute of Transportation Engineers, .52.5 School Street, S.W., 
Washington, D.C. 20024. 

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 IsoLATED CoNTROLLER AssEMBLY 

A controller assembly for operating traffic signals nOl 
under master supervision. 

1.1.6.4 MAsTER CoNTROLLER AssEMBLY 

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

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 O ccU PANCY CoNTROLLER AssEMBLY (LANE­

OCCUPANCY CoNTROLLER oR D EMAND 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 P EDESTRIAN-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 predetennined: 

l. Fixed cycle lengtb(s) . 
2. Fixed interval duration(s). 
3. Interval sequence(s). 

1.1.6.9 S ECONDARY 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 act~:ation on one or more 
but not all approaches to the intersection. 

1.1.6.11 TRAFFIC·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. 

1.1.7.1 DIGITAL CONTROLLER l.JNIT 

A controller unit wherein timing is based upon a 
defined :'requency source such as a 60-hertz alternating 
current source. (See I. 1.43 .3) 

1.1.7.2 DuAL·RING CoNTROLLER UNIT 

See 14. 1.3.1. 

1.~.7.3 MINOR MOVEMENT COI'oiTROLLER UNIT 

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

1.1.7.4 S tNGLE·RING CONTROLLER UNIT 

See 14.1.3.2. 

1.1.7.5 SYNCHRONOUS CoNTROLLER UNIT 

A controller unit in which the ~iming mechanism is 
controlled by and dependent on a suitable frequency 
standard such as the frequency of t;1e alternating-current 
source. 

1.1.7.6 S YNCHRONOUS·'-'OTOR CoNTROLLER UNIT 

A controller unit operated by ~ synchronocs motor 
which maintains a constant speed determined by the 
frequency of the power supply c ircuit. 

NEMA Standard 4-7-1983. 

1.1.8 Coordinator 
A device used to relate the timmg of one C•)ntroller 

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 CYCLE 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. 

1.1.11 Detector 

See 1.2.6. 

1.1.12 Device 

NEMA Standard 11·6-1975. 

1.1.12.1 ELECTROMECHANICAL DEVICE 

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

1.1.12.2 ELECTRONIC DEVICE 

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

1.1.12.3 SoLID-STATE DEVICE 

A device which is characterized by electrical circuits, 
the active components c:i 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.) 

1.1.15 Entry 
See 14.1.4. 

NEMA Standard 1 Hl-1975. 



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 tennination 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 MINIMUM GREEN 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 P EDESTRIAN CLEARANCE INTERVAL 

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

1.1.20.3 Reo 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 SEQUENCE, 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 11-6-1975. 

1.1.21 Limit 

1.1.21.1 E XTENSION LIMIT 
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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 M AXIMUM LIMIT 

The maximum green time after an opposing actuation, 
which may start in the initial portion. 

NEMA S1andard 11·6-1975. 

1.1.22 Manual 

1.1.22.1 M ANUAL 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 DETEClOR MEMORY 

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

1,1 23.2 N ONLOCKING M EMORY 

A mode of actuated-controller-unit operation which 
does not require detector memory. 

NEMA Standard 11·6·1975. 

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 Offset 

Offset is the time relaeionship, 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 11·6·1975. 



TS 1-1989 
Page 4 

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 tile nearest point of conflicting 
traffic. 

NEMA Standard 1··6·1975. 

1.1.30 Phase 

1.1.30.1 CONFLICTING P HASES 

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

1.1.30.2 NONCONFLICTING P HASES 

Nonconflicting phases are two or more traffic phases 
which will not cause interfering traffic movenents if 
operated concurrently. 

1.1.30.3 PEDESTRIAN PHASE 

A traffic phase allocated to pedestrian traffic which 
may provide a right-of-way pedestrian indicatio:J either 
concurrently with one or more vehic·Jlar phases, or to the 
exclusion of all vehicular (~bases. 

1.1.30.4 PHASE SEQUENCE 

·• A predetermined order in which the phases of a cycle 
occur. 

f.1.30.5 SUBORDINATE PHASE (MINOR PHASE) 

; A traffic phase in which the right-of-way is de:Jendent 
dn the related operation (leading or lagging) of a ;pecific 
independent phase. A subordinate phase canner occur 
independently of its associated phase (parent ph.1se). 

1.1.30.6 TRAFFIC PHASE 

Those rigilt-of-way, change and clearance intervals in 
a cycle assigned to any independ¢nt 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 1 HH975. 

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 INITIAL PORTION 

The frrst 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 ~ response 
to vehicle acruations. 

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 nonnal control of signals to a 
special signal control mode. 

NEMA Standard 11-6-1975. 

1.1.33 Preemptor, Tnfflc Controller 

A device which provides preemption. 
NEMA Standard 11-&-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 
YELWW CHANGE interval of that phase. 

NEMA Standard 1 Hl-1975. 

1.1.37 Rest 

The interval portion of a phase when present timing 
requirements have been completed. 

1.1.38 Ring 

See 14.1.1. 

1.1.39 Split 

NEMA Standard 1Hi·t975. 

A division of the cycle length allocated to each of the 
various phases (normally expressed im percent). 

NEMA Standard 11·6·1975. 

1.1.40 Suppressor, Rldlo 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 AvfoMANUAL S WITCH 

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

1.1.41.2 FLASH CoNTROL 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 P OWER L INE SWITCH ( D ISCONNECT 

SWITCH) 

A manual switch for disconnecting power to the coo­
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 SIGNAL l...oAo SwiTCH 

A device used to switch power to the signal )amps. 
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1.1.41.6 SIGNAL SHl.IT-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 TIME 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 11·6·1975. 

1.1.43 nmtng 

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 DIGITAL TIMING 

Penaining to a method of timing that operates by 
countihg 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.) 

1.2 DETECTORS 
1.2.1 Actuation 

NEMA Standard 11-6-1975. 

The ope~ation of any type of detector. 
NEMA Standard 11-6-1975. 

1.2.2 Amplifier, Dectector 
A device that is C\lpable of intensifying the electrical 

energy produced by a sensor. 
NEMA Standard 1Hl·1975. 

1.2.3 Antenna 
The radiating or receiving elements utilized in trans­

mitting or receiving electromagnetic waves. 
NEMA Standard 11·6-1975. 
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1.2.4 can 
See 1.1.4. 

1.2.5 Detection 

1.2.5.1 ADVISORY 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 a_pproaches to the inter­
section. 

1.2.5.2 PASSAGE DETECTION 

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 fle detec­
tion zone. 

1.2.5.3 PRESENCE DETECTION 

The ability of a vehicle Jetector to sense that a vehicle, 
whether rr..oving or stopp:d, 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 BIDIRECTIONAL DETEClOR 

A detector that is capable of being actuated b~ vehicles 
proceeding in either of two directions and of indicating in 
which of the directions the vehicles were mov:Og. 

1.2.6.2 CALLING 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 CLASSIFICATION D ETECTOR 

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

1.2.6.4 D IRECTIONAL D ETECTOR 

A detector that is capable of h¢ing actuated only by 
vehicles proceeding in one specified direction. 

1.2.6.5 EXTENSION D aECTOR 

A de.-:tor that is arrang.ed to register actuations at the 
controll.er 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 L IGHT-SENSITIVE DETECTOR 

A detector that utilizes a light-sensitive device fo1 
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 itE 
inductive loop sensor by the passage or presence of 1: 

vehicle near the sensor. 

1.2.6.9 MAGNETIC DETECTOR 

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

1.2.6.1 0 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 NONDIRECTIONAL DeTECTOR 

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

1.2.6.12 PEDESTRIAN DETECTOR 

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

1.2.6.13 PNEUMATIC DETEClOR 

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 RADAR DETECTOR 

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

1.2.6.16 SAMPLING DETECTOR 

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



1.2.6.17 SlOE-FIRE DETECTOR 

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

1.2.6.18 SOUND-SENSITIVE 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 U LTRASONIC 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 I 1-6·1975. 

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 pul:;e 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. 

NEMA Standard 11-6-1975. 

1.2.8 Lead-In Cable 

See 11.1.7. 

1.2.9 Loop Detec~or System 

See 11. 1.2. 

1.2.10 Loop Detector Unit 

See 11. 1.5. 

1.2.11 OUtput 

1.2.11.1 CARRYOVER OuTPUT 

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

1.2.11.2 DELAYED OUTPUT 

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. 

1.2.12 Probe 
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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 11-6-1975. 

1.2.16 Vehicle Detector Systenl 

See ll.l.l. 

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. 

1.3 SIGNALS 
1.3.1 Backplate 

NEMA Standard 11·6·1975. 

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 ind~~ations. 

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 Sta"dard 11-6-1975. 

1.3.3 Indication, Signal 
The illumination of a sigrial lens (or an equivalent 

device) whereby the movement of vehicular or pedestrian 
traffic is controlled. 

NEMA Standard 11·6·1975. 
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1.3.4 Lamp 

That part of the optical unit which, when e~ergized, 
electrically provides the optical unit light source. 

NEMA Standard 11-6-1975. 

1.3.5 Lens 

That part of the optical unit through which ljght from 
the light source and reflector passes and, in so doing, is 
redirected into a prescribed pattern and is filt~red to a 
prescribed color. 

NEMA Standard 11-6-1975. 

1.3.6 Optical Unit 

An assembly of a lens, reflec:or, 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 tho: light source toward the lens. 

NEMA Standard 11-6-1975. 

1.3.8 Section 

1.3.8.1 SECTION BLANK DOOR (BLANK DOOR) 

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

1.3.8.2 SECTION DOOR (DOOR) 

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

1.3.8.3 SECTION HOUSING (HCUSING) 

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 : ommunicates a pre­
scribed action {or actions) to traff1c. 

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 HIGHWAY TRAFFIC SIGNAL 

Any power-operated traffic-control 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 individuaJ 
lane. 

1.3.9.4 NONADJUSTABLE SIGNAL (FIXED-FACED SIG­

NAL) 

A signal having the faces mounted in a framework sc 
that th_e 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 >ignalizec 
locations. 

1.3.9.6 SIGNAL FACE 

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

1.3.9.7 SIGNAL HeAD 

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 SIGNAL 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 highwa;­
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 CuTAWAY VISOR (CoNrouRED, 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 FuLL-CIRCLE TuNNEL VtsoR 

A visor which encircles the entire lens. 

1.3.11.3 0PEN·BOT10M T uNNEL VtSOR 

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

NEMA Standard 11-6-1975. 

1.4 SIGNAL MOUNTING HARDWARE 
1.4.1 Arm 

1.4.1.1 BRACKET ARM 

A signal bracket, for bracket mount applications, 
which complements a tubular bracket arm but which is 
n01 of tubular construction. 

1.4.1.2 TUBULAR BRACKET A RM 

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 
wiU hang vertically. 

NEMA Standard 11-6-1975 .. 

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 11-6-1975. 

1.4.4 Hanger 

1.4.4.1 D ISCONNECT 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. 

1.4.4.2 SPAN WIRE H ANGER (SPAN W IRE 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 BRACKET MouNT (SIDE M ouNT) 

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

1.4.5.2 ELEVATOR M AST A RM 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. 

1.4.5.3 FLEXIBLE MAST ARM M ouNT 

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

1.4.5.4 MAST A RM MouNT 

A signal head mounting supported from a rig,id arm 
extended over the roadway for the purpose of supporting 
the signal head. 

1.4.5.5 Mro ·MAST ARM M o uNT 

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 M ouNT (PeDESTAL MouNT) 

A signal head mounted on top of a post. 

1.4.5.7 R IGID MAST A RM M OUNT 

A signal bead mounted at some point on the mast arm 
between the end of the mast arm and the pole. 

1 A.5.6 PoST MouNT (PeoesTAL MouNT) 

A signal head mounted on top of a post. 

1.4.5.7 RIGID MAsT A RM M ouNT 

A mast arm mount where the signal bead is rigidly 
affixed to the mast arm to prevent any relative movement 
between the signal and the arm. 

1.4.5.8 S PAN W IRE M OUNT (SPAN WIRE) 

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

1.4.8 Mounting Bracket• 

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

NEMA Standard 11-&-1975. 



TS 1-1989 
Page 10 

1.4.7 Signal Hardware 
A grouping of parts used to fix signal faces in relation 

to each other to make a signal head. 
NEMA Standard 11·6·1975. 

1.4.8 Sllpfltter 

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 SOLID SPREADEA 

A signal bracket having solid arms radiating from a 
hub. 

1.4.9.2 TUBULAR SPREADER 

A signal bracket having tubular a.-ms radiating from a 
hub through which wiring can be passed to provide 
electrical interconnection r1 the signal faces su:_oponed 
by the signal bracket. 

1.4.1 0 Terminal Compartment (Terminal 
Bracket) 

A compartment having a terminal block for connect· 
ing signal control conductors and wtJch· may support the 
signal f~. 

NEMA Standard 11-6·1975. 

1.5 SIGNAL SUPPORTING MEMBERS 

1.5.1 Bridge Structure,. Traffic Signal 

The stroctllral member which is suspended between 
two or more supports. 

NEMA Standard 11-6-1975. 

1.5.2 Mast Arm 

1.5.2.1 BRACED-TYPE MAST ARM (TIE Roo) 

A semirigid mast arm which is braced in position. 

1.5.2.2 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-TYPE MAST ARM 

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

1.5.2.4 TUBE-TYPE MAST ARM 

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, ltafflc 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. 



1.6 CROSS-REFERENCED DEFINITIONS 

Other Term 

All-red interval 
Bus preemptor 
Control box 
Dispatcher 

Filter 

Fire preemptor 
Fixed time controller 
Head 
Head 
Housing 
Indication 
Line filter 
Lock-in 
Manual Control 
Minor phase 

Pad 

Progression 

Railroad preemptors 
Red reven 

Sequence 
Time cycle 
Timer 

Traffic controllers 
Traffic phase 
Traffic signal 
Treadle 
Vehicle interval 
Vehicle interval 
Vehicle preemption 
Volume-density operation 
Volume-density operation 

NEMA Term 

Red clearance interval 
Priority-traffic phase selection 
Cabinet 
Controller unit (Dispatcher or Timer) 

Suppressor, Radio interference 

Preemptor, Traffic controller 
Pretimed controller assembly 
Signal 
Signal head 
Cabinet 
Signal face 
Radio interference suppressor 
Detector memory 
Manual Operation 
Subordinate phase (Minor Phase) 

Pressure-sensitive detector 

Coordinator 

Preemptor, Traffic controller 
Red Indication, Minimum (Red Reven) 

Sequence Interval 
Cycle 
Controller unit (Dispatcher or Timer) 

Controller Equipment 
Phase 
Signal 
Pressure-sensitive detector 
Extension, unit 
Passage period 
Priority-traffic phase selection 
Gap reduction 
Initial portion 
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NEMA Number 

1.1.20.3 
1.1.35 
1.1.3 
1. 1.7 

1.1.40 

1. 1.33 
1. 1.6.8 
1.3.9 
1.3.9.7 
1.1.3 
1.3.9.6 
1.1.40 
1.1.23.1 
1.1.22. 1 
1. 1.30.5 

1.2.6.14 

1.1.8 

1.1.33 
1. 1.36 

1.1.20.4 
1.1.9 
1.1. 7 

1. 1 
1. 1.30 
1.3.9 
1.2.6. 14 
1. 1.14 
1.1.29 
1.1.35 
1.1.18 
1.1.31.2 

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

Section 2 relates to environmental standards Gnd operating conditions for intersection traffic control equipment. The 
controlle.r assembly includes the weatherproof cabinet, controller unit, load switches, detectors, fW.shers, 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 to 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 c-:>ntroller assembly, and the major uni~s of the 
controller assembly, shall perform 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 tO the length of time and power has been inter­
rupted. 

NEMAStandard 11-6-1975. 

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 11·6-1975. 

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 

2.1.4.1 Two or more p-:>Wer int:rruptions which are 
separated by power restorations of 1.500 or more millisec­
onds shall be considered 1s separate interrupti·:ms, and 
the controller shall react to the power interruption as 
follows: 

I. Interruption of 500 Milliseconds or Less-Upon 
restoring power, the controller ~Jnit shall co~tinue to 
operate as though the power interruption had not oc­
curred. 

2. Interruption of More Than 500 Milliseconds and 
Less than 1000 Milliseconds-Upon restoring power, the 
controller unit shall either continue to operate (2.1 .4.1 (I)] 
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 defin.ed 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•q to + l65"F ( + 74•q. The storage 
temperature range shall be from - 50"F ( -45"C) to 
+ 200"F ( + 93°C). 

TI1e 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 HUMIOITY 

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

Above llO"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 H IGH-REPETITION N OISE TRAN~IENTS 

The test pulses shall not exceed the following condi­
tions: 

I . 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. ~· 

Dry Blllb Rdatlw Wet Bulb 
Hwnlcllty, 

"F ·c Ptr~nt• or "C 

40 4.4 75 37 2.8 
50 10.0 80 47 8.3 
60 15.6 83 57 13.9 
70 2 1.1 86 67 19.4 
70 2 1. I 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 43.3 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 1es1ing. 

3. Repetition-! 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 Tune-1 microsecond. 
5. Pulse Width- 10 microseconds. 

2.1.6.2 low-REPETITION HIGH•ENERGY T RANSIENTS 

The test pulses shall not exceed the following condi­
tions: 

1. Amplitude-600 volts, ::t 5 percent, both positive 
and negative polarity. 

2. Energy Source-Capacitor, oil filled, 10 micro­
farads ± 10 percent, internal surge impedance less than I 
ohm. 

3. Repetition-! 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 Transients, 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. 

I. Amplitude-300 volts, both positive and negative 
polarity. 

2. Pulse Source- 1000 ohms nominal impedance. 
3. Repetition-! 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 tbe 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 l 
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. 

2.1.9 Timing Accuracy 

2.1.9.1 DEVIATION 

NEMA Standard 4-7-1983. 

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. 

2.1.9.2 SETABILITY AND R EPEATABILITY 

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 11-6-1975. 
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2.1.1 0 Analog Timing 
2.1.10.1 SETABILITY 

The· setabi lity tolerance shall be ::!: 5 percent of the dial 
settings or one half second, whichever is greater. 

2.1.1 0.2 REPEATABILITY 

The repeatability tolerance shall be :!: 5 percent of 
timing average or Y1 second!, whichever is greate:: 

NEt.IA 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 SETABILITY 

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 drifl errors will occur in 
timing-intervals. Any interval timed by a unit emJloying 
digital techniques shall not deviate by more than ::!: 100 
milliseconds from its set value at a power source fre­
quency of 60 Hertz. 

NEMA Standard 4·7·1~. 

2.1.12 Vibration 

The major units of the controller assembly shall main­
tain their programmed functions and physical integrity 
when subjected to a vibration of .S to 30 cycles per 
second up to 0.5 gravity applied in ea:h 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 p~rmanent mechanical deformation nor any 
damage that renders the unit inoperable, when subjected 
to a shock of JOG applied in each of three mutually 
perpendicular planes. 

2.2 TEST PROCEDURES 

2.2.1 Test Facilities 

NEM~ Standard 11·6-1975. 

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 sowce 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 Thble 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. 

c. A suitable de 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 thennocouple capable of measuring and 
recording from lOO"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 4-7·1983. 

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: 

I . Tetminal facilities. 
2. Surge protection. 
3. Line filters. 
4 . Controller unit. 
5. Load switches. 
6. Signal conflict monitor. 
7. Auxiliary control devices (as required). 
8. Rashers. 
The test equipment shall be set up in accordance with 

Figure 2-1. 
NEMA Standard 4·7·1983. 
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2.2.3 Test Procedure-Transients, Tempera­
ture, Voltage and Humidity 

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

2.2.3, 1 TEST A-PLACEM!;NT IN ENVIRONMENTAL 

CHAMBER AND CtiECK·Ol. T OF HOOK·UP 

I . Place the equipment 1111der 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 quipment to a variable volt­
age power transformer as sh:>wn 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 I 0 feet from the input to the controller unit. 

2. Test loads for design approval shall be assigned 
1200 watts. to each circuit of :he fJISt 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 apfroval values can be 
used. (Authorized Engineering InfCJrnJation 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 ~mit. Place these switches in 
the proper position for desired operation. 

4 . Verify the test hook-up. Adjust the variabb-volt­
age power transfom~er to I 20 volts alternating current 

and apply power to the test ullit. Verify that the co~: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 ~hould be in agreement with 
controller ~mit sequencing aad in accordance witt spec­
ified operetion. 

Upon tl:e satisfactory completion and verificalioo of 
the test hook-up, proceed with Test B. 

2.2.3.2 ·TesT B-TRANSI:NT TeSTs (PoweR SeRv· 
ICE) 

The sur ,se protector and line filters shall be removed 
from the alternating-current power rource circuit of the 
equipment cabinet for the following transient tests: 

l. 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. 
c. 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-I microsecond. 
e. Pulse width- to 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 contro11er 
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. Thrn on the transient generalor (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. 
c. Repetition-one pulse per second for a mini­

mum of five pulses per selected terminal. 
d. Pulse rise time-I 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 ~) between lo~ic _ground and the connect­

ing cable termination of selected input/output tenninals 
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 aultlliary equipment inay nOt comply with the requi~ments 
of this test at this time. Special test procedures should be used for 
auxiliary equipment. 

Al.llhorlzed Engineering Information 4·7·1 983. 
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NOTE 2- Hurnidity controls shall be set in conformance with the humidities given in Table 2-1 during the temperature change between Test D 
and Test E. 

NOTE 3-lf a change in both voltage and temperature are required for the next test, the voltage shall be selected prior to the tempe1'11ture change. 

Figure 2-2 
ENVIRONMENTAL TEST PROFILE 
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7. Program the controller unit to cycle on minimum 
recall. Tum on the transient generator (output in iiCCOrd· 

ance with item 5) and apply its output to the Eelected 
inpuUoutput terminations. The controller unit shall con­
tinue to cycUe without malfLmction. 

8. Set a transient generator to provide low-repetition 
high-energy transients as follows: 

a. Amplitude-600 volts ± S percent, both 
positive and negative polarity. 

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

c. Repetition rate- one di~charge each 10 sec· 
onds. 

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

9. Program the controller unit so .it will dv.ell in a 
selected phase-120 volts alternating-current input from 
the variable-voltage power transfomer. 

10. Discharge the oil-filled 10-microfarad capacitor 
ten times for each polarity across the altemating-<:urrent 
voltage input. Rep~at thi~ 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. 

11 . Program the controller unit f.:> cycle on m:nimum 
recall. Discharge the capacitor ten times for each polarity 
while the .::ontroller is cycling on minimum recall, during 
which time the controller llnit shall continue to cycle 
without malfunction. 

12. During the preceding transient tests (items 3 
through l!j, 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 ind1cations while in dwell; disrupt normal se­
quences in any manner; or change timings. 

13. !lOon-destruct Thms:ent Immunity: 

a. Tum off the alternating-current power input 
to the test unit from the variable-vcltage power source. 

b. Apply the following high-energy tran;ient to 
the alternating-current ·xolta8e input tenninals of t:1e con­
troller unit (no other power connected to terminals): 

(1) Amplitude-1000 volts, both positive 
and negative polarity. 

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

(3) RepetitiollJ rate- !:pplied to the con­
troller assembly once every 2 seconds for a maximum of 
three appDications 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 througb its prescribed 
start-up sequence and cycles properly in accordan.::e with 
the programmed functions. The fu:st 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 line filters and proceed to Test C. 

N<ml- 'Thsts C through G foliO\\' ~~ p!'Qfile io\li~ate~ ill Fi&Vn: ~-2 to 
demonstrare the abilicy of !be controller assembly to fuactioo reliably 
under stated conditions of temperature, voltage and humidity. 

2.2.3.3 TEST G-Low-TEMPERATURE Lovv-VOLTAGE 

TESTS 

1. Definition of Test Conditions-
a. Environmental chamber door-closed. 
b. Temperature-minus 30°F (minus 34°C). 
c. Low voltage-95 volts alternating current. 
d. Equipment cabinet door-open. 
e. 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 cycling on minimum 
recall, lower the test chamber to - 30"F (- 34°C) at a 
rate not exceeding 30°F (l7°C) per hour. Allow the test 
specimen to cycle on minimum recall for a minim Lim 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. 
c. With the controller assembly at - 3ifF ( - 34°C) 
and the input voltage at 95 volts alternating current, the 
following items shaiJ 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 satisfactory completion of this test, proceed to 
Test D. 

2.2.3.4 TEST 0-l.cw·TEMPEAATURE HtGH·VOLTAGE 

TesTS 
1. Definition of Test Conditions-

a. Environmental chamber door-closed. 
b. Low temperature-minus 30°F (minus 

34°C). 
c. High voltage-135 volts alternating current. 
d. Equipment cabinet door -Qpen. 
e. Humidity controls- off. 



2. Test Procedure-While at - 30"F (0 34°C) and 
with humidity controls off, adjust the input voltage to 
135 volts alternating current and allow the test specimen 
to cycle for I hour on minimum recall. Then operate the 
test switches as necessary to detennine that all functions 
are operable. 

3. With the controller assembly at - 30°F (-34°C) 
and the input voltage at 135 volts alternating 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'" T EST E-HIGI~-TEMPERATURE HIGH-VOLT­

AGE TESTS 

1. Defmition of Test Conditions-
a. Environmental chamber door-closed. 
b. High temperature-j: l65°F (74°C). 
c. High voltage-135 volts alternating current. 
d . . Equipment cabinet door-open. 
e. Humidity controls-in accordance with the 

humidities given in Table 2-l. 

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 (l7°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•p (4.4°C) to + 110•F (43.3•q. When the 
temperature reaches l09"F (43°C), readjust the humidity 
control to maintain constant absolute humidity-1090f 
(43°C) wet bulb which results in the relative humidities 

shilwn 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 detennine 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: 

2.2.7 Power Interruption Tests 
2.2.8 Timing Accuracy Tests 
2.2.8.2 Repeatability 
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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 F. 

2.2.3.6 TEST F-HIGH·TEMPERATURE 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. 
e . Humidity controls-IS percent relative hu­

midity and 109op (43•q 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 detennine that all 
functions are operable. With the controller assembly at 
165op (74°C) and 18 percent relative humidity-109op 
(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 

I. 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 so•p (15•c to 

· 27°C)-with the humidity controls in tbe off position. 
The rate of temperature change .shall not excee.d 30"F 
( l7°C) per hour. 

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

5. Allow the equipment under test to stabilize at 
room temperature for l hour. Proceed to operate the test 
switches· to determine that all functions are operable. 
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2.2.3.8 TEST H-APPRAISAL OF EQUIPMENT UNDER 

TEST 

I. A failure shall be defined as any occurrence 
which results in other than normal operation of the equip­
ment. (See item 2 for details.) If a failure occurs, the 
equipment shall be repaired or components replact'd, and 
the test during which failure occurre:t shall be re;tarted 
from its beginning. 

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

a. If the controller unit &kips interv:~ls or 
phases, places false calls, p~sents false pilot light indi­
cations, ex.nibits disruption of normal sequence, or pro­
duces changes in timing beyt>nd specified tolerances, or 

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

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

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

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

4. When the number of f.ailures exceeds two, it shall 
be considered that the equipment fails to meet the~e 
standards. The equipment may be completely retested 
after analysis of the failure and necessary repairs have 
been made in accordance with item ~. 

5. Upon completion of the tests, the equipment shall 
be visually inspected. If ma1erial changes are ob:;erved 
which will adversely affect the life of the equipment, the 
cause and conditions shall be corrected before making 
further tests. 

6. Upon satisfactory completion of all of the tests 
described in 2.2.3.1 thwu~il 2.2.3.8, the equi~ment 
shall be tested in accordance with 2.2.4. 

NEMA Standard 4-7·1983. 

2.2.4 Test Procedure-Cabinet Ventilation 

2.2.4.1 PLACEMENT IN Er.VIRONMENTAL CHJ>.MBER 

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

2. The door of the weatlilerproof equipment cabinet 
shall be closed for these tests. However, before closing 
the door, verify the test hool-up by adjusting the input 
voltage to 120 volts altern~:ting current and applying 
power to the test unit. Verify that the controll~r 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 vit:Wing 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 I 
inch from any ~quipment or cabinet surface. The ave!a~e 

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

5. Close the equipment cabinet door. Make certain 
that it is latched and that the cabinet is otherwise repre- · 
sentative of "street-comer" 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. 

2.2.4.2 TEST FOR 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 (SO"C) 
at a rate not to exceed 30°F ( l7°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 !Jlaximum 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 chamber to 
return to room temperature 60°F to 80"F (l5°C to 27°C) 
with the humidity control off. The rate of temperature 
change shall not exceed 30or ( I7°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. Tenninate the tests, and remove the equipment 
from the environmental test chamber. 

2.2.4.3 TEST TERMINATION 

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 
l45°F (63°C), an analysis shall be perfonned 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. 

2.2.5 VIbration Test 

2.2.5.1 P u RPOSE OF TEST 

NEMA Standard 11-6-1975. 

This test is intended to duplicate vibrations encoun· 
tered by the controller assembly when installed at its 
"street-comer" 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: 

l. Controller unit. 
2. Signal conflict monitor unit. 
3. Load switching assembly. 

a. When the size of the equipment cabine-t ·per­
mits, it may be vibrated as a matter 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. 

2.2.5.2 TesT EaucPMENT ReQUIREMENTS 

I. Vibration table with adequate table surface area to 
pennit singular placement of the major segments of the 
test system. 

2. Vibration table shall consist of: 
a. - Vibration in each of three mutually perpen­

dicular planes. 
b. Adjustment of frequency of vibration over the 

range from 5 to 30 hertz. 
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c. Adjustment of test table excursion (double 
amplitude displacement) to maintain a 0 value, meas­
ured at the test table, of 0.50-as detennined by the 
following fonnula: 

0 =0.0511 df'-
Where-
d =excursion in inches 
f =frequency in cycles per second 

2.2.5.3 RESONANT SEARCH 

I . With equipment under test (a major segment of 
the system as defined in 2. 2. 5. I) 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 I 2-1/2 
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. 

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

2.2.5.4 ENnURAN<':E T esT 

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 0.50 acceleration. 

2. When more than one resonant frequency has been 
recorded in accordance witb 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-! hour in each of three mutually perpendicu­
lar planes. 

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

2.2.5.5 DISPOSITION OF EOUIPMENT UNDER T EST 

1. The equipment under test shall be examined care­
fully to detennine that no physical damage has resulted 
from the vibration tests. 

~ .... . 
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2. The equipment under test shall be carefully 
checked to detennine that it is functionally operable in 
all modes of its prescribed operation. 

3. The equipment under test may be removed from 
the test table. Upoll'satisfactory completion ofth! vibra­
tion test, proceed with the shock (impact) test described 
in 2.2.6. 

2.2.6 Shock (Impact) lest 

2.2.6.1 P URPOSE OF TEST 

NEMA Standard 1HH975. 

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 an-:1 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. The major segments of 
the system are exemplified by, but not limited to, the 
following: 

1. Controller unit. 
2. Signal conflict monitor unit. 
3. Load switching unit. 
Each major segment shall be fl11llly fastenee to the 

specimen table. In each of its three planes the s,;ecimen 
shall be dropped from a calibrated height to result in a 
shock force of JOG's. 

2.2.6.2 T EST EQUIPMENT REQUIREMENTS 

1. Shock (impact) test fixture equivalent to that sug­
gested by the simplified sk¢tch 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 lest table shall be calibrated and th-! items 
tested as indicated. This shock test defines the test shock 
to be 10 G ±!G. 

a. Calibration of the test equipment fc·r these 
shock tests shall be measwed by three accelerometers 
having fixed shock settings of 9G, lOG and llG. They 
shall be Inertia Switch In;:orporated's ST-355, or the 
equivalent. These devices shall be rigidly attacheJ to the 
test table. 

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

( I) Place a dummy load weighing within 
10 percent of the item to be tested e>n ·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 IXJ acclerometer shall be ac· 
tivated. 

(b) The lOG unit may or may not be 

actuated. 
(c) The llG unit shaJI 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 lOG unit is actuated between four 

to eight times. 
(3) The llG 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 detennined in 2.2.6.2 shaH 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 mutuaUy 
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 lOG unit may or may not be actuated in 
these tests. 

(c) The llG 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 T EST U NIT 

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

2. Check the test unit carefully to detennine 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 controUer assemblies. 

NEMA Standard 11-6-1975. 

2.2.7 Power Interruption Testa 

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). 



HEIGHT 
MEASUREMENT 

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 unit is cycling, remove the input volta~e for a 
period of 500 milliseconds. Upon restoration of the input 
voltage, .::heck to insure that the controller unit continues 
normal operation as though no power interruption has 
occurred. Repea[ this test •hree times. 

2.2.7.2 1000-MILLISECOND POWER INTERRUPTION 

Place vehicle calls on all phases and, while 1le con­
troller unit is cycling, remove the input voltage for a 
period of 1000 milliseconds. Upc·n restoration of the 
input voltage, check to insure that the controller unit 
reverts to hs start-up sequence. Repeat this test three 
times. 

NEMA Standard 11-6-1975. 

2.2.8 Timing Accuracy Tests 

The .following intervals (or interval portion>, when 
provided) shall be timed as specified in the f:>llowing 
procedure: 

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

2.2.8.1 SETABruTv (AT RooM TEMPERATURE 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 rdnge of timing and setability requireme11ts shall 
be in accordance with the functional standards given in 
this publication for the specific controller unit under test. 

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

a. Each type of interval (or portion of interval) 
shall be set on at least one time setting control of the 
controller unit, using the following suggested time set­
tings: 

(l) Initial . . . . . . . . . . . . . . . . . . . . . 4 seconds 
(2) Extension (gap) . . . . . . . . . . . . . 3 seconds 
(3) Maximum .. . . ... .... ..... .. 60 seconds 
(4) Yellow change ....... .. ..... 3 seconds 
(5) Red clear . . . . . . . . . . . . . . . . . . 4 seconds 
(6) Walk ...... . . .... . . .. . ..... 12 seconds 
(7) Pedestrian clear ..... ..... . . . 16 seconds 
b. Select the phase to be timed, and measure 

and record the selected interval timing as indicated by the 
digital time indicator. 

c. Mter 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 XL' Similarly, the shortest observed 
time for each interval shall be noted as X5• 

e. Substitute the value of Xt 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 + '12 second 
(equation 2), whichever allows the greater variation. 

(xt
5
-s) x 100 =<+ 5 percent 

(Equation I) 

XL - S = < + Y2 second 

(Equation 2) 

f. Substitute the value. of X5 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 - Yz second (equation 
4), whichever allows the greatest variation. 

X5- S x 100 = < -5 percent 

(Equation 3) 

X5 - S = < - Y2 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 specifi.c controller unit under test. 

2.2.8.2 REPEATABILITY (ANALOG OR DIGITAL) 

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

I. As a minfmum the following intervals (or interval 
portions) shall be timed for each phase; 

INITIAL, EXTENSION, YELLOW CHANGE 
AND RED CLEARANCE. 

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

3. The ten timings for each interval shall be averaged 
to obtain XAv· 

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

For Analog- ± 5 percent of dial setting or ± lf2 
second, whichever allows greater variation. 

For Digital- The digitiU 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. 

rArs) X 100 = < ± 5 percent for analog 

(Equation 5) 

or 

XAv - S = < ± 1/2 second for analog 

= < ± 100 milliseconds for digital 

(Equation 6) 

NEMA StandaTd 11·6-1975. 

2.2.9 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 EQUIPMENT R EQUIREMENTS 

I . 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 I 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. 

2.2.9.3 TEST PROCEDURE 

I. 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 1Wt 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 shall 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. 
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Section 5 
SOLIO.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 ufthese standards, the term "solid state" slulil be construed to mean thotthe main current to 
the signal load is not switched by electro-mechonical relay contacts. 

5.1 THREE-QRCUIT LOAD SWITCH 

5.1.1 Physical Characteristics 

I . 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 intennate 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 l. 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 screwdriver or wrench. 

6. A metal enclosure_ suitably protected against cor­
rosion shall be provided to enclosc 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]) 

CENTERLINE 

1-

1 
,, 
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91 110 2.100 

,, 1 112 
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mounted as follows when oriented as normally mounted: 

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

~. Material and Construction of Rigid Printed Cir­
cuit Assemblies 

a. Materials 
All printed circuit boards shall be mado! from 

NEMA (FR-4) glass-epoxy, flame retardant, or 
equivalent. (See NEMA Standards Publication LI 1, In­
dustrial Laminated Thermosetting Products). Circuit 
boards exceeding two inches in any d imension shall be at 
least '116 inch nominal thickness. Circuit boards not ex­
ceeding two inches in any d~mension shall be at least Yl2 
inch nominal thickness. 

b. Conductors 
The walls of all plated-through holes shall have 

a minimum copper plating thickness of .001 inch!s. All 
circuit tracks shall have a conductivity equivalent of at 
least two ounces of C{)pper per square foot of surface. 

c. Component Jdemification 
The unit shall be designed so that eacll compo­

nent is id~ntified by a circuit reference symbol. This 
identification shall be affixed to the printed circuit 

CHASSIS GROUND~ 

LOGIC GROUND 0 
(SEE NOTE Ill, FIGURE 5-3) 

AIN;,UT 

BINPUT 

CIN=>UT 

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 e'xposed 
to any part having Jive voltage, and will not be required 
to insert their hands or fingers into a load rack. 

5.1.2 General Electrical Characteristics 

l. 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 5-2.) 

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

3. Unless stated otherwise, all electrical 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 lOK 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 

®AC COMMON 

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



CHASSIS GROUND h 1j 120 VAC 

LOGIC GROUND I 4 31 A OUTPUT (R, OW) 

A INPUT (R, DW) I e • Sl B OUTPUT (Y) 

8 INPUT (Y) I a 7 I C OUTPUT (G. W) 

C INPUT (G. W) 1 10 • 91 +24 ±2 VDC 

NO CONNECTION ' 12 11 1 ACCOMMON 

NOTE 1-The terminal referente is a pill side view of the male 
conne<:tor. 

NOTE D- Pa-rentheticalnolations associated with A, B. C inputs and 
outputs denote the normal usage of the termination with vehicle or 
pedesuian signals. 

R =RED W • WALK 
G =GREEN 

Y • YELLOW OW • DON'T WALK 

NOTE ill-Pin 4 Logic Ground is for special function use only-not 
to bt used for normal switching circuli currents. During nonnal 
operation standard load switch functions (as defined in PanS) 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 tum on within 5 degrees of the 
zero voltage point of the alternating current sinusoid, 
except the first turn-on shall occur within 10 degrees of 
the zero voltage point. Additionally, the switch shall tum 
on within one cycle following the application of the input 
signal. The switch shall tum off within 5 degrees of the 
zero current point of the alternating 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 de 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 

TS 1-1989 
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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 de source. 

5.1.3 Input Electrical Characteristics 

I . 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 
(.and 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 VOC supply when 
the input is connected to this supply through an external 
lOK 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. 
S. Each load switch circuit shall be designed to 

switch a 1200 watt tungsten lamp load operating from a 
120 VAC source for a minimmn 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. 

().50 OHMS R
3 

10 OHMS 

A 

B 

X X 

Figure 5-4 
PIV AND DVIDT TEST CIRCUIT 

TEST PROCEDURE FOR PIV AND DVIDT TESTING 

I. With lbe power removed from the load, CODDeCt pins I (AC +) 
and II (AC-) of the 11*1 IIWitch to termiDal A of tbe test circuit. 

2 . Coucct renniDal B of the tCit cimlitiO pin 3 (Ciralit A) of the 
load &witch. 

3. Sa Vp to SOO vdc. 

4. Decrealt. R2 ullliJ the load awitdl outpll coaduc:u or the \'We of 
R2 reacbes zero. If the load swi~ ttuu C<JDC1uctina wbeta the test 
pultc ia applied, bllc:k R2 off aliplly to a hiJ)Iet !aistaDCe point 
above which 1hc load IIWitch does DOt coaduct. CoaGiction or the 
load switdt cirellit M 10 eilher PIV or d\•/dt cu be oble:'ved by 
a fllckerina or dippina or the v p merer. 

5. Meuure tbe time required for the wave form 11 polau x-x to reacll 
200 volts dc..tv/db = 200/time mc:uurecl. 

6. Repea.t the test steps 4 and S vrith lem!iDiis A and B of tbe test 
ciro:Wt revenecl. · 

7. Connoct terminal B of the test circuit 10 pin 5 (Circllit B) of the 
load switch and COliDCCI tmninal A of 1hc test ciiwil to pins I 8lld 
I I of the load swil(:h. 

8. Repeat steps 3 throug116 for cireuit B of the load IIWitch. 

9. COnnect teniWial B of the test circuit to pill 7 (Cii'Wit C) of the 
load switch llld C01111eCt tmninal A of the tell ciro:WIIO pins I &Del 
11 of 1hc load awitdt. 

10. Repeat steps 3 througll 6 for circuit C of the 1<*1 swil(:h. 

Circuit Noca: 

I. R2 and R, lhall be low induc:unce resistora suc:b as c:arboll pile 
devices. 

2. The JOid COIIIIeded to l-1 shall be between SOOic ohms and 2SO 
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 VOLTAGE MONITOR 
capable of interchangeability between units of different sources of manufacture. 

The CONFUCT 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 funher anticipated that the CONFUCT 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 CONFUCT MONITORS: 
1YJle 3 -Having three input channels preprogrammed for channel mutual noncompatibility. 
'JYpe 6 -Having six fully programmable input channels. 
'JYpe 12-Having 12 fully programmable input channels. 
'JYpe 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 field 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-current inputs. 

NEMA Standard 5-15·1978. 

6.2 ACCESSIBILITY 

All operating circuitry and components within the 
CONFLICf 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. Ll-1, Industrial Laminated Thermoset­
ting Products). Circuit boards exceeding 2 inches in any 
dimension shall have a nominal thickness of at least 1/u 
inch. Circuit boards not exceeding 2 inches in any dimen­
sion shall have a nominal thickness of at least 1/s2 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. Al.l 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 5-15-1978. 
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6.5 SIZE 
The· oyerall dimensions r:X the CONFLICT MONI­

TOR, including mating connector(s) and harness. shall 
not exceed the following: 

Dimensions, lDdles 

'JYpe No. Width H•l&hl Depdo 

3 4112 7 11 

6 41h lQI/l II 
12 4'12 10'12 11 
18 6 10'12 J 1 

NEMA Standard 4·7·1983. 

; 6.6 ENVIRONMENTAL REQUIR E.MENTS 
I 

1 

The CONFLICT MONITOR shall perform its spec· 
ified functions under the conditions ~et forth in Part 2, 
Environmental Standards and Thst Procedures for Solid 
State Ttaffic Controller Assemblies, except when spec­
ified otherwise in this standard. 

NEMA Standard 5·15-1978. 

6.7 POWER INPUTS 

The CONFLICf MONITOR shall llave 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 shall be employed to generate 
the voltages required to operate the monitoring logic. 

6.7.2 AC - (Common) 

The unfused and unswitcbed 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 >ball nor be connected to 
LOGIC GROUND or CHASSIS GROUND within the 
unit. 

NEMA Standard 5·1!:·1978. 

6.8 CHASSIS GROUND 

1be CONFLICf MONITOR shall have an inp·1t ter­
minal providing an independent connection to the chassis 
of the unit. CHASSIS GROUND st:all be electrically 
connected to the connector sbell(s). This input shall not 
be connected to the WGIC GROUND or AC - (com­
mon) within the unit. 

NI:MA Standard 4-7·1983. 

6.9 LOGIC GROUND . 

A voltage reference point and current return for the · 
RESET input, CONTROLLER VOLTAGE MQNITOR 
input, + 24V MONITOR I input, + 24V MONITOR II 
input. and +24V 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 INHffilT 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 oot 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 (pt) 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 ± I 0 
volts alternating current at the field 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 
ffiQilitoiing for the absence of voltage on all of tbe 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 Crigger. 

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 VOLTAG'E 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 
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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 CONFLICf 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 ~cognized 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 shail 
inhibit the operation of the two + 24 VOLT MONITOR 
inputs. 

6.14.3 Controller Voltage Monitor Input 

The CONFLICf 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 
:. 

A~tivation of the RESET pushbutton or the RESET 
inpuf 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 
leav~ 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 MON !TOR 
unit shall have two sets of isolated Form C contacts. 
These relay contacts shall be capabl: of switching all 
loads in the range from 2 milliamperes at 18 volts direct 
current to 3 amperes at 135 volts alternating curre11t. 

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

NEMf\ Standard 4·7·1983. 

6.17 MONITOR UNIT POWER FAILURE 

The CONFLICT MONITOR unit shall, in addition to 
the operation described under voltase monitoring, be 
responsive to voltage failure within itself in the same 
manner as 1he unit responds 10 a VOliAGE 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. Triggering of the conflict mottitoring 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., 'JYpe 3, 
'JYpe 6, etc. 

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

'JYpe 6 -The six-channel unit with four inputs per 
channel. These sil{ channels are fully programmable for 
the specific application. 

'JYpe 12-The 12-channe1 unit with four inputs per 
channel. These twelve channels are fully programmable 
for the specific ap,Piication. 

'JYpe 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. Progranuning 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 'JYpe 6 or Type 12 units. 

2. An interchangeable 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 'JYpe 18 units. 

NEMA Standard 4-7·1983. 

6.22 CABINET INTERLOCK · 

The CONFLICT MONITOR shall have two terminals 
internally connected (#22AWO 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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5.62 ± 0.02 -----------

Figure 6-1 
PROGRAMMING BOARD FRONT VIEW 

NOTES: I. The connector has 36 double readout positions at 0.125 • centcn.· 
2. The progtamming shown is for a standard NEMA 8 phase controller without overlaps. The 8 NEMA phases are phases 

I through 8 showing jumpers for the following combinations of compatible phases: I & S, I & 6, 2 & S, 2 & 6, 3 & 7, 3 & 8, 
4 & 7, and 4 & 8. 

3. The jumpers are #22 AWG bus wire 0.2" long. 
4. The handle is Vero NCH/Cl0037 or equivalent. 
S. Material: FR4 0.062 • thick. 
6. There arc 132 0.043 • dia holes for programming jumpers. 
7. One side of each jumper is brought out to the common pins 69 &70. 

These notes have been classified as Authorized Engineering Information 5-15-1978. 
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PROG 1-3 
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Figure 6-2 
CONNECTOR REAR VIEW 
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Figure 64 
CONNECTOR REAR VIEW 

NOTBS: I. Connec:lors have 40 double readout poeitions on 0 . 100 cen~en. 
2. Connoctors are Texas Instrument Pan. No. H3111.40, Of equivalall. MOliMina can to be cut off. 
3. Jumpers are m AWO bus win: 0 .2"10fll. 
4. Handle is Vero ICH/C/10037 or equivalent. 
S. Matrial: PR4 0.062 • thick. 
6. There are 306 0.43 • dia boles f« programming j~~mpen. 
7. One side of each jumper is brought out to the c:onuooa pins IS7 8t ISS. 
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8.23 RED MONITOR ENABLE 

Presence of AC + at this input enables the CONFLICf 
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. 

8.24 AC + INPUT II 

This AC + input to the CONFLICf MONITOR pro­
vides AC power for this unit. AC + input II shall be 
jumpered internally to AC + input I. 

NEMA Slandard 5·15-1978. 

6.25 MINIMUM FLASHING INDICAnON AFTER 
POWER INTERRUPTION TO THE CON· 
TROLLER ASSEMBLY 

The CONFLICf 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 deeoergize its OUTPUT re­
lay. The deenergized state of the OUfPUT 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. 

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 CONFLICI' 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 CONFUCf 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 
Page 39 

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-V.Z± I 
seconds. Following this 2-!lz± I seconds period of time, 
the STARr-DELAY relay shall cause continuity to occur 
between its common and closed contacts. 

The STAIU-DELAY relay shall have a Form C relay 
output contact: These relay contacts shall be capable of 
switching all loads in the raoge 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. 

&.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 CONFLICf 
MONITOR. The provision of these additional ca­
pabilities shall not modify the operating capabilities of 
the unit wben the additional input-output connector is 
disconnected. 

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

'I'ype 3- Connector Shall Mate with MS 3116 20-4JS 
A. AC + I (Jumpered Internally to AC + II) 

B. AC + II Input (Refer to 6.24) 
C. Output Relay I Common 
D. Output Relay 1 Open (closes when fault occurs) 
E. Output Relay 2 Common 
F. Output Relay 2 Closed (opens when fault occurs) 
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G. Start-delay Relay Common 
H. Start-delay Relay Open (closes during start 

delay period) 
J. Channel 3 Green 

K. Channel 3 Yellow 
L. Channel 2 Green 

M. Channel 2 Yellow 
N. Channel l Green 
P. Channel 1 Yellow 
R. Channel 1 Walk 
S. + 24V Monitor II 
T. Controller Voltage Monitor 
U. + 24V Monitor I 
V. Logic Ground 
W. Cliassis Ground 
X. AC -
y. Cabinet Interlock A 
Z. Output Relay I Closed (opens when fault 

occurs) 

a. Output Relay 2 Open (clos~s when fault 
occurs) 

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

c. Channel 3 Walk 
d. Channel 3 Red 
e. Channel 2 Walle 
f. Channel 2 Red 
g. Channel 3 Red 
h. Reset 
i. Red Enable 
j . + 24V Monitor In:'libit 
k. Spare 1 
m. Cabinet Interlock B 
n. Spare 2 
p. Spare 3 
q. Spare 4 
r. SpareS 
s. Spare 6 
t. Spare 7 

1jpe 6-Connector Shall Mate with MS 3116 21-55 SY 

A. AC + I (Jumpered Internally to AC +II) 
B. AC + II Input (Ref:r to TS 1-6.24) 
C. Output Relay 1 Open (closes when fault 

occurs) 
D. Output Relay 2 Closed (opens when fault 

occurs) 
E. Start-delay Relay Open (closes during start 

delay period) 
F. Channel 6 Green 
G. Channel 6 Red 

H. Channel S Green 
J. Channel 4 Green 

K. Channel 4 Red 
L. Channel 3 Green 

M. Channel 2 Green 
N. Channel 2 Red 
P. Channel 1 Green 
R. Red Enable 
s. + 24 V Monitor I 
T. Logic Ground 
u. Chassis Ground 
v. AC-
w. Cabinet Interlock B 
X. Output Relay l Common 
Y. Output Relay 2 Common 
z. Output Relay 2 Open (closes when fault 

occurs) 

a. Start-delay Relay Common 
b. Channel 6 Yellow 
c. Channel 5 Yellow 
d. Channel S Red 
e. Channel 4 Yellow 
f. Channel 3 Yellow 
g. Channel 3 Red 
h. Channel 2 Yellow 
i. Channel 1 Yellow 
j . Channel 1 Red 
k. + 24 V Monitor II 
m. Controller Voltage Monitor 
n. +24V Monitor Inhibit 
p. Cabinet Interlock A 
q. Spare l 
r. Output Relay I Closed (opens when fault 

occurs) 
s. Start-delay Relay Closed (open during start 

delay period) 
t. Channel 6 Walle 
u. Channel 5 Walk 
v. Channel 4 Walk 
w. Channel 3 Walk 
x. Channel 2 Walk 
y. Channel I Walk 
z. Reset · 

AA. Spare 2 
BB. Spare 3 
CC. S~4 
DD. Spare 5 
EE. Spare 6 
FF. Spare 7 

GG. Spare 8 
HH. Spare 9 



Type 12- Connector A Shall Mate with MS 3116 
22-55 sz 

A. AC + I (Jumpered Internally to AC + II) 
B. Output Relay 1 Open (closes when fault 

occurs) 
c. Output Relay 2 Closed (opens when fault 

occurs) 
D. Channel 12 Green 
E. Channel 11 Green 
F. Channel 10 Green 
G. Channel 9 Green 
H. Channel 8 Green 
J. Channel 7 Green 

K. Channel 6 Green 
L. Channel 5 Green 
M. Channel 4 Green 
N. Channel 3 Green 
P. Channel 2 Green 
R. Channel 1 Green 
s. + 24 Monitor I 
T. Loeic Ground 
u. Chassis Ground 
v. AC-
w. Output Relay I Common 
X. Output Relay 2 Common 
Y. Channel 12 Yellow 
z. Channel 11 Yellow 

a. Channel 10 Walk 
b. Channel 10 Yellow 
c. Channel 9 Yellow 
d. Channel 8 Yellow 
e. Channel 7 Yellow 
f. Channel 6 Yellow 
g. Channel 5 Yellow 
h. Channel 3 Yellow 
i. Channel 3 Walk 
j. Channel 2 Yellow 
k. Channel I Yellow 
m. Controller Volta!te Monitor 
n. + 24V Monitor Inhibit 
p. Output Relay 1 Closed (opens when fault · 

occurs) 
q. Output Relay 2 Open (closes when fault 

occurs) 
r. Channel 12 Walk 
s. Channel 11 Walk 
t. Channel 9 Walk 
u. Channel 8 Walk 
v . Channel 7 Walk 
w. Channel 5 Walk 
X. Channel 4 Yellow 
y. Channel 2 Walk 
z. Channel I Walk 

AA. Spare 1 
BB. Reset 
CC. Cabinet Interlock A 
DD. Cabinet Interlock B 
EE. Channel 6 Walk 
FF. Channel 4 Walk 

GO. Spare 2 
HH. Spare 3 
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Type 12- Connector B Shall Mate with MS 3116 
16-26 s 

A. AC + II Input 
B. Start-delay Relay Common 
C. Start-delay Relay Open (closes during start 

delay period 
D. Channel 12 Red 
E. Channel 11 Red 
F. Channel 9 Red 
0. Channel 8 Red 
H. Channel 7 Red 
J. Channel 6 Red 

K. Channel 5 Red 
L. Channel 4 Red 
M. Channel 2 Red 
N. Channel I Red 
P. Spare 1 
R. + 24V Monitor II 
S. Spare 2 
T. Spare 3 
U. Start-delay Relay Closed (open during start 

delay period 
V. Channel 10 Red 
W. Spare 4 
X. Spare 5 
Y. Spare 6 
Z. Channel 3 Red 

a. Red Enable 
b. ·spare 7 
c. Spare 8 

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

A. AC+ Input 
B. Output Relay 1 Open (closes when fault 

occurs) 
C. Output Relay 2 Closed (opens when fault 

occurs) 
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D. Start-delay Relay Open (closes during start 
delay period) 

E. Channel 8 Green 
F. Channel 8 Yellow 
G. Channel 7 Green 
H. Channel 6 Green 
J. Channel 6 Yellow 

K. Channel 5 Green 
L. Cb!l.nm:U_ X_e_JJ~ 
M. Channel 4 Green 
N. Channel 4 Yellow 
P. Channel 3 Green 
R. Channel 3 Yellow 
s. Channel 2 Green 
T. Channel 2 Yellow 
u. Channel 1 Green 
V. Reset 
w. + 24V Monitor II 
X. ControiJer Voltage Monitor 
Y. + 24V Monitor I 
z. Logic Ground 

a. Chassis Ground 
b. AC -
c. Output Relay I Co:nmon 
d. Output Relay 2 Co:nmon 
e. Start-delay Relay Common 
f. Channel 8 Walle 
g. Channel 7 Walk 
h. Channel 7 Yellow 
i. Channel 6 Walk 
j . Channel 5 Walk 
k. Channel 4 Red 
m. Channel 4 Walk 
n. Channel 3 Walk 
p. Channel 2 Walk 
q. Channel I Walk 
r. Channel I Yellow 
s. Red Enable 
t. Cabinet Interlock A 
u. +24V Monitor Inhibit 
v. Output Relay I Closed (opens when fault 

occurs) 
w. Output Relay 2 Open (closes when fault 

occurs) 
x. Stan-delay Relay Closed (open during start 

delay period) 
y. ChannelS Red 
z. Channel 7 Red 

AA. Channel 6 Red 
BB. Channel 5 Red 
CC. Channel 3 Red 
DO. Channel 2 Red 
EE. Channel I Red 

FF. Cabinet Interlock 8 
GG. Spare I 
HH. Spare 2 

JJ. Spare 3 
KK. Spare 4 
LL. Spare 5 

MM. Spare 6 
NN. Spare 7 
PP. Spare 8 

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

A. Channel 18 Green 
B. Channel 18 Yellow 
c. Channel 17 Green 
D. Channel 17 Yellow 
E. Channel 16 Green 
F. Channel 16 Yellow 
G. Channel 15 Green 
H. Channel 15 Yellow 
J. Channel 14 Green 

K. Channel 14 Yellow 
L. Channel 13 Green 

M. Channel 13 Yellow 
N. Channel 12 Green 
P. Channel 12 Yellow 
R. Channel 11 Green 
s. Channel 11 Yellow 
T. Channel 10 Green 
u. Channel 10 Yellow 
v. Channel 9 Green 
w. Channel 9 Yellow 
X. Channel 18 Walk 
Y. Channel 17 Walk 
z. Channel 16 Walk 

a. Channel 16 Red 
b. Channel 15 Walk 
c. Channel 14 Walk 
d. Channel 13 Walk 
e. Channel 13 Red 
f. Channel 12 Walk 
g. Channel 11 Walk 
h. Channel 10 Walk 
i. Channel 10 Red 
j . Channel 9 Walk 
k. Channel 18 Red 
m. Channel 17 Red 
n. Channel 15 Red 
p. Channel 14 Red 
q. Channel 12 Red 
r. Channel 11 Red 
s. Channel 9 Red 
t. 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 current to the signal load is not switched by electro-mechanically 
operated contacts. NEMA Standard 7-12·1978. 

8.1 TYPES OF FLASHERS 

Flashers shall be one of the following types: 
'JYpe 1-20 ampere~. single-circuit. 
Type 2-10 amperes, dual-circuit. 
'JYpe 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 8. 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-SB 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 so constructed that no part of it will extend 
more than 0. 900 inch to the left and 1. l 00 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-epoxy, or equivalent (see NEMA Standards 
Publication No. LI l , Industrial Laminated Thermoset­
ting Products) . Circuit boards exceeding 2 inches in any 
dimension shall have a nominal thickness of at least 1 I t6 

inch. Circuit boards not exceeding 2 inches in any dimen­
sion sh<tll h<tve "numinill thickn~ss of at least I/n inch: 

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 

NOT 
LESS 
THAN 
2.10 

f-1-
, 2.100 

2.150 

0.90011 .1001 . 

I I 

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 char.teteris­
tics: 

8.3.1 

The rating of the output circuit shlll be the mi11imum 
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 ovl!r the ambient tern­
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 fh.sher shall consist solely of 

the 60-hertz alternating-current power source. This input 
shall supply the power for the output circuit and aJso 
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 .;hall turn off within 
5 degree'!> of the zero current point of the alternating­
current line sinusoid. The flasher need not tum on within 
5 degrees of the zero poir.t of the alternating-current 
sinusoid for the first flash cycle (on-off cycle) after the 
initial application of alternating-current power to the 
flasher. 

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 ± 5 percent. 

8.3.4 

The flasher output shall have a dv/dt rating of I 00 volts 
per microsecond at 70°F (2l"C), when tested as shown in 
Figure 8-2. 

8.3.5 

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 ffillS. 

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: 

A3 10 OHMS 
,___.,.,.,..,._ _ __,_o-f A---.-...~1/"'----r-.N'Y'tl'- TO 

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

B 
~--------~¥-------~~~~~~r---~~TO 

TEST PROCECURE 

1. Connect pins 10 and t l of the flasher. 
2. Set Vp 10 SOO Vdc. . 

X X 

PIN 7 (LOAD 
CIRCUIT #1) 
OR PIN 8 
(LOAD 
CIRCUIT #2) 

3. Decrease ~'Until the flasher generates 1111 output or the minimum resistance is reached. If the flasher 
fails. back off R2 sligll'.ly 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. 
S. Repeat the test with c011nector pins A ;md B reversed. 
(!. NOTfl:S: 

a. A failure of the flasllcr for either dvfdt or PIV will result in the Vp meter dipping or flickering. 
b. Rzand R3 are carbon pile resistors (low induCtive type.) · 

c. On dual-circuit !lashers the above t.:sts must be run on each circuit separately. 
d. Load between XX must be between SOO K ohms and 250 megohms .{reistive). 

Figure 8-2 
PIV AND DV/DT TEST CIRCUIT 



l. The flashing output shall consist of one output 
rated at 20 amperes. The combined load connected to 
circuit I 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. 

8.5 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: 

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

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

LOAD 18 71 LOAD 
CIRCUIT 112 CIRCUIT #1 

110 91 CHASSIS AC-
GROUND 

NO 0 

CONNECTOR 112 11 1 AC+ 

Figure 8-3 
CONNECTOR PIN ASSIGNMENTS 

SOLID-STATE FLASHERS 
(VIEW-CONNECTOR END) 

AC(-) •o 

NO@ 
CONNECTOR 
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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 #I 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 8-5. 
NEMA Standard 7·12·1978. 

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

'!ype 3 flashers shall be the same as 1Ype 2 flashers, 
except that the current rating of each output shall be 15 
amperes. 

NEMA Standard 7-12·1978. 

LOAD 
CIRCUIT lf2 t 

7 !-OAD 
CIRCUIT #1 

AC( - ) I) rffV CHASSIS 
GROUND 

NO@ FLASH 
" AC(+) CONNECTOR •z . RATE 

Rgure 8-4 
EQUIVALENT CIRCUIT DIAGRAM 

SINGLE-CIRCUIT FLASHER 

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 petformance standards are established for tr.e purpose of achieving greater utility and safety. Clause I 0.1 provides 
definitions. Clause 10.2 describes meclumical construction requirements. Clause 10.3 describes electrical requirements. 

These standards define the petformance and ::onstruction requirements of cabinet terminals and facilities . that are 
considered to 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 section of the standards publication are intended to facilitate type testing 
of equipment designs and are not intended to be petfonned on all production units. 

10.1 DEFINITIONS 

1 0.1.1 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. 

1 0.1.2 Flash Bua 

A flash bus is an ac+ feed supplying flashing power 
to the flash-transfer device(s) from an output of a flasher. 

NEMA Standard 10.16-1985. 

1 0.1.3 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 Stllldatd 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 dis:ributiGO system. The 
primary feed includes the neutral conductor. 

NEMA StandMI1G-16-1986. 

10.1.8 Signal Bua 

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

NEMA Standard 1(>.16-1985. 

Authorized Engineering Information 10.16-1985. 

10.1.7 Termlnal(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 10.16-1985. 

10.2.2 Termlnalldentlflcatlon 

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). Thc nomenclature for terminals accessible from 
the front of a panel sbaU be visible from the front of the 
panel. Nomenclature shall be permanent and legible. 

NEMA Standard 10.16-11185. 

10.2.3 Component Identification 

AU 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 sball 
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 10·1&-1985. 
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1 0.2.• Load Swhch and Flalher Support At least 50% of the area above and beneath the load 
switch or flasher, between lh and 11h 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. 

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 I 0-1. Flasher 
and load switch bases shall be mounted so that they are 
oriented in the manner shown in Figure 10-2 or 10-3. 

LO AD SWITCH 

t 
OAD SWITCH OF L 

OR F 
FACI 

LASHER 
LITIES 
NECTOR 

\ 
2.1, - 0 

f 
.00, + 0.05 

l 

8.25" 
MAXIMUM 

LOAD SWITCH OR FLASHER 
OUTLINE - SIDE VIEW 

~ LOAD SWITCH OR FLASHER 
CONNECTOR END 

... 
AREA OF 
LOCATION OF 
REQUIRED 
SUPPORT 
POINT($) 

.,.._ ___ PLANE OF MOUNTING SURFACE 
(FRONT SURFACE OF FACILITIES 
CONNECTOR) 

ALL DIMENSIONS IN INCHES 

Figure 1G-1 
LOAD SWITCH OR FLASHER SUPPORT 

NEMA Standard 10.16-1985. 

T 
PLANE OF SUPPORT 
TO BE PERPENDICULAR 
TO THE PLANE OF THE 
MOUNTING SURFACE 
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UP 

l 
CENTERLINE - -

S-2412-SB CONNECTOR SOCKET (TYPICAL) 
(SEE 5.1.1-21N TS 1-5.1 .1) 

31 J4 
NOT LESS 

THAN 2.100 1
1 

11!
1 

12 
sl Is ----+----------

1 71 ' )a 
I 91 I 110 

t 111 t 112 
I 

NOTB-Ail dimensions In inches. 

Flgwe 10.2 
F.RONT VIEW-LOAD RACK DIMENSIONS 

UP 

TYPICAL FLASHER LOCATION 

2.100 
2.150 

t 

2.100 
(+0.050) 
(-0.000) 

NOTE- All dimensions in Inches. 

Figure 10-3 
FRONT VIEW-FLASHER RACK DIMENSIONS . 



10.2.5 Field Terminal Blocks 

1 0.2.5.1 GENERAL 

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

Flllldloa 

Signal 
Feeds 

Detector 
Lead-In 

Primary 
Feeds 

Earth 
Ground 

Table 10.1 
FIELD TERMINALS 

Tenni~TYDt Tennm.J Size 

Screw #8 or larger 
5116 N or longer 

Screw N6 or larger 
1/4 " or longer 

Compression Not Applicable 

Compression Not Applicable 

Characteristb 

Barrier Block 
10 Amperes min. 

Barrier Block 

Shall terminate 
as a minimum 
one 116 AWO 

wire 
Shall terminate 
as a minimum 
one 18 AWO 

wire 

'Terminal conllections shall be made with slotted head screws. 
2The threaded portion of the terminal block shall be metal. Sc~ws and 
threaded portions ofthe terminal block shall be brass or stAinless steel. 
JMaterials used in terminals shall be compatible with copper wire. 
4A terminal block shall be capable of withst8Slding 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 intereoanected and between live pa.ru and the surface to which 
the terminal block is mounted. 
'Tenninal blocks shall have mechanical ~haracteristics to properly support 
wiring without warping t~ block. 

1 0.2.5.2 NUMBER AND SIZE OF TERMINALS 

I. One tenninal shall be provided for each load switch 
output. 

2. .It shall be possible to terminate a minimum of 16 
#14 A WG or 5 #10 A WG neutral leads. 

3. Three adjacent terminals shall be provided for each 
detector channel. 

Field installation practices or detector unit design may 
r~uire connectin~ 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. Tenninals 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 indies in cabinets mounted 
in other configurations. These terminals shall be readily 
accessible from the front of the cabinet. 

NEMA ~tandard 1G-16-1985. 
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10.2.6 Terminal Types and Practices 

l . 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. 

1 0.2.7 Load Switch and Flash Transfer 
Positions 

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

It sball 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 1G-16-1985. 

10.2.8 Auto/Flash Switch 

The auto/flash switch shall be ~ccessible 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 nortllljl operation of the facilities. In the 
"FLASH" position, the signal bus relay and flash transfer 
relays shall be de-energized, co!Ulecting the output(s) of 
the flasher to the appropriate field leads and interrupting 
the sign·al bus supply to the load switches. 

NEMA Standard 1Q-t~1985. 
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Table 10-2 
WIRED SOCKETS 

Reqllirecl Requlred Reqlllred Requil'ed Number Required 
Coatroller Nambel' of Velak:le N11mber ol Overtap · Number ol Ped. of Jlluh Tnasformer Number of Flasher 

Coaflguratloo Unit Size Loed Swltdt Sxkets Load Swttdr Sockets Load Swltda SGdds Relay Sockets Swlfdles 

I 2-Phase 2 -
2 4-Phase 4 2 
3 4-Phase 4 4 
4 4-Phase 4 4 
5 8-Phase 8 -
6 8-Pbase 8 4 

7 8-Phase 8 -
8 8-Phase 8 4 

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 1~16-1985. 

1 0.3.2 Power Distribution Within Cablne1 

(See Figure 104). 

10.3.2.1 GROUNDING S YSTEM 

The grouttding system in the cabinet shall be divided 
into three separate and distinct circuit3, 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 elhninate 

ground loops, adequately direct transi:nts to ground, and 
to allow for testing of the separation between the ground­
ing circuits by temporarily removing the jumpel':l. 

I . The neutral bus is theo set of terminals within the 
cabinet to which all of the neutral conduct(lrs are 
tenrunated. The neutral bus shaD be a solid metallic 
multi-terminal strip located in close proxirnil} to the 
primary feed entering the cabinet. Subsidiary neutral 
bus tenninal strips may be located as necessary in 
the cabinet for use the control equipment. Neutral 
terminal strip(s) shall boe 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 eartb. The ground bus · 
shall be a solid metallic multi-terminal strip located 
in close proximity to the power service entering the 

2 1 1 
2 3 I 
- 4 1 
4 4 1 
- 4 1 
- 6 I 
4 4 1 
4 6 1 

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 
V AC shall be connected to ground. 

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

10.3.2.2 DISCONNECTING MeANS 

Type Poles Mba. AmPI lntemJptina C1p11City 
= 

Main 1 30 5,000 amperes 
Auxiliary 1 15 5,000 amperes 

The rating of the main disconnect means with overcur­
rent protection shall be not less than 125% of the llliU­

imum anticipated continuous load. All disconnecting 
means when Wied shall be of the ''trip-indicating trip-free'' 
type. 

10.3.2.3 SIGNAL Bus 

The signal bus shall be connected to the incoming act 



AC+ 
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EARTH GND. 

~ 
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AC+ TO 
• LOAD 

SWITCHES 

AC+ TO 
CONTROL 
EQUIPMENT 

AC +TO 
FLASHER 

LOGIC 
GROUND TO 
EQUIPMENT 

*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 Infonnation.) 

Figure 10-4 
CABINET POWER DISTRIBUTION 
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thfough a signal bus mercury contaetor 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 
contact or 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 10.16-1985. 

10.3.3 Conductors 

1 0.3.3.1 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. 

AWG Wire Sbe 

30-24 
22 

20 

18 
16 

14 
12 

10 
8 
6 

Table 10-3 
AMPACITY 

Ampac:hyRatlng 

0.25 
2 

4 

5 
10 
15 
20 

30 
so 
70 

2. Conductors 22 A WG and larger shall conform to 
military specification MIL-W-168780, Electrical 
Insulated High Temperature Wire, type B, or the 
equivalent temperature rating. The insulation shall 
have a minimum thic:rness of 10 mils and ;hall be 
nylon jacketed polyvinyl chloride or shall be ir­
radJated cross-linked polyvi:tyl chloride, poly­
ethylene, polyhalocarbon, o.r polychlorcalkene. 

· Cohductors #14 A WG or larger may be UL type 
THHN. 

3 . Cpnductors shall not be spliced between 
terminations. 

1 0;3;3.2' PRINTED CIRCUITS 

Printed circuits shall meet the following requirements: 

I . All ' printed circuit boards ehall be made from 
NEMA grade FR-4 glass epoxy or the equivalent. 

(See NEMA Standards Publication U 1, Industrial 
Laminated Thermosetting Products.) All circuit 
boards shall have a nominal thickness of at least 'It' 
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 surlaces 
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. If a 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 10.16-1985. 

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 .CONFLICT MONITOR 

l . 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 ll shall be 
connected together. 

4. Voltage Monitor 
The conflict monitor controller vol ... ge monitor in­
put shaJI be connected to the controller unit voltage 
monitor output. 

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

interval. 
6. Stop Time 

TS 1-1989 
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Stop time shall be applied to all rings of the con­
troller unit whenever the conflict monitor is in the 
fault condition. 

7 . Flash on Fault 
The conflict monitor shall place the intersection iJlo 
flashing operation when in the fault condition. 

NEMA Standard 10-16-1985. 

OUTLINE DIMENSION DRAWING 
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Section 13 
INTERFACE STANDARDS FOR ADVANCED TWO-PHASE THROUGH 

EIGHT-PHASE SOLID-STATE TRAFFIC SIGNAL CONTROLLER UNITS 

This uction defines the inrerfoct of2- 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 additiolflll 
features, units built to conform to Sec lions 3 and 4 might not be capable of being substituted for those built to conform to 
Sections 13 ond 14. 

In order to achiel't greater utility, Sections J 3 and 14 define more construction features and performance functions 
than Sections 3 and 4 . Safety has been a prime t·onsideration in the development of these standards. 

Section 13 defines interfoce requirements for a r:lass of solid-state-actuated controller units with input/output spares 
for f uture use. 

13.1 INTERFACE REQUIREMENTS 

Input-output terminations are required for the. func­
tions refen:nced in Section 14 of th~ standards. 

if inp!Jt-output terminations in addition to those cov­
e~ by these standards are required to allow· inclusion of 
additional functional capabilities, such additional input­
output terminations shall be provided on an additional 
cOI')nector. Such additional connector shaH 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 1·2:1-1981 . 

13.2 ELECTRICAL Llr.ITS OF INPUT·OUTPUT 
TERMINATIONS 

13.2.1 Logic Levell 

All IOJlC signals (except as explicidy defmed 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 t:rminations, when nO( acti­
vated, shall be internally biased to the FALSE (high, 
.nonoperate> state ( + 24 volts de). 

13.2.2 Tr•n•lent Immunity 
The operation of the controller unit shall not be af. 

fected during operation by the application to any input or 
output tenninal of pulses of 10 mic:oseconds duration, 
300-volt positive or neaative amplitude, and with a max· 
imum repetition rate of 1 pulse per second. For purposes 
of this requirement, a pul~e source having an output 
impedance of oot less than 1000 ohms, nor greater than 
10,000 ohms, shall be used. 

Authorized Engineering Information 4-7·1983. 

13.2.3 Inputs 

Inputs shall have the following characteristics: 
I . A voltage between 0 and 8 volts shaH be consid­

ered the " low" state. 
2. A voltage greatec 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. 

S. Over the voltage range 0 to 26 volts DC, the 
maximum current " in" or "out" of any input control 
tenninal shall be less than 10 milliamperes. Input imped­
ance shall not exceed I lK ohms to 24 volts DC, nor shall 
the surge impedance be Jess than 100 ohms resistive. 

6. Any input sianal dwelling in a defined logic state 
for less than 0.25 milliseconds shall not be recognized. 
Any input signal dwelling in a defmed 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: 

I . Output Circuits 
a . The "low" (operate) voltage shall be be­

tween 0 and 4 volts. 
b. Curn:nt sinking capability in the "low" state 

(true) shall be at least 200 milliamperes from an induc­
tive load. 



c. With an external impedance of lOOK 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 
IlK ohms to 24 volts DC. 

e. 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 

1taffic 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 1·29-1Q81. 

13.4 OUTPUTS AND NUMBER OF TERMINALS 

1taffic 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 t 3-2. 

13.5 PIN CONNJ;CTIONS 

13.5.1 Connectors Used 

NEMA Standard 1·29·1981. 

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: 
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1. Connector A shall intermate with a MS3ll6 
( )-22-55S. 

2. Connector 8 shaii intermate with a MS3ll6 
( )-22-55P. 

3. Connector C shall intermate with a MS3 l l6 
( )-24-61P. 

Controler 
Unit Connect« A Connector B Connedor C 

2 Phase X 
3 Phase X X 
4 Phase X X 

5-8 Phase X X X 

13.5.2 Totals of Terminations 

Ph.scs 
Connedlonl z; Jf ~ ~ 

Total Number of Inputs ... 29 36 41 68 
Total Number of Outputs 22 42 54 93 
Reserved for 40 and 80 .. 17 
Reserved for 81) ••.•••••• 6 6 
Spares* . ......... · . . ... 3 8 8 9 
Reserved** ............ 1 1 1 1 

Total Pins R~uired .... 55 110 110 171 

• These spare tenninations are reserved exclusively for future assign· 
ment d additional specific input-output functions. 

• • ReseM~ed to prevent inten:hangcability with <:ontrollcr units con· 
fanning to earlier proposed NEMA pin assignments. 

13.5.3 Input-Output Connector Pin 
Terminations 

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

NEMA Standard 1·29-1981. 

Table 13-1 
INPUTS AND NUMBER OF TERMINALS 

fUnction z; 
1. Vehicle Detector (per phase) .............. . 2 
2. Pedestrian Dectector Calls (,per phase) ...... . 2 
3. AC+ (line side) .. .. ..... ............... . l 
4. AC- (common) ...... .. ..... . ......... . 
5. Chassis Ground ... ..... . ............... . 
6. Logic Ground ..... ......... . ....... . ... . 
7. Force Off (per ring) . . .... _ . _ ............ _ 

Number of Terminals 
·hrUJit 

Jf ~ 

3 4 
3 4 

l l 
1 
l 
1 

8-8 
8 

1 
1 
1 
1 
2 
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Table 13-1 

8. Hold (per phase) . . . . . . . . . . . . . . . . . . . . . . . . 2 
9. Phase 0Jri t (per phase) ........... . ... . . . . 

10. Stop Timing (per ring) .... . ........ . ..... . 
11 . Interval Advance (per unit) . ....... .. .. . . . . 
12. Manual Control Ellable (per unit) ......... . . 
13. Red Rest (per ring) . . . . . . . . . . . . . . . . . . . . . . 1 
14. Inhibit Max Tennination (per ring) . . . . . . . . . . I 
15. Call to No nactuated Mode (2 per unit) . . . . . . . 2 
16. External Min. Recall to All Vehicle Phases (per 

Number ol 'nirmlnall 
Ptr Uait 

3 
3 
I 
I 
I 
I 
I 
2 

4 
4 

I 
I 
2 

8 
8 
2 
I 
I 
2 
2 
2 

unit) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
17 . Omit Red Clearan~ (per ring) . . . . . . . . . . . . . 2 
18. Maximurr: U Selection (per ring) . . . . . . . . . . . 2 
19. Indicator Lamp Control (per unit) . . . . . . . . . . . I I I 1 
20. Pedestrian Omit (per phase) . . . . . . . . . . . . . . . 2 3 4 8 
21. Test Input (2 pen:nit) . . . . . . . . . . . . . . . . . . . . 2 2 2 2 
22. External Start (per unit) . . . . . . . . . . . . . . . . . . . I 
23. Pedestrian Recycle (per ring) . . . . . . . . . . . . . . 2 
24. Walk Rest Modifier (per unit) ............ . . -~--..:...._---''----.....:...!_ 

Total Number of Inputs . . . . . . . . . . . . . . . . . . . . 29 36 41 68 

Table 13-2 
OUTPUTS AND NUMBER OF TERMINALS 

N11111ber fll '-IIIIIs 
PtrUnk 

Fudloll ~ lf ~ " 1. Load Switch Drivers, Basic Vehicle, (G-Y-R, 
per phase) .... .. ........ . .......... . .. . . 6 9 12 24 

2 . Load Switch Drivers, Pedestrian, (W-PC-DW, 
per phase) ............ .. ......... . .. . ... 6 9 12 24 

3. Load Switch Driv~. Overlap. (0 -Y-R, 4 
overlaps maximum) ........ . ......... . ... 9 12 12 

4. Check (per phase) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 2 3 4 8 
5. Phase OJ\ Logic (per phase) • ••••• 0 •••• • 0 •• 2 3 4 8 
6. Phase Ne.1:t Logic (per phase) •••••• 0 ••• • ••• 3 4 8 
1. Coded Status Bits (3 perring) .......... . ... 3 3 3 6 
8. Controller Unit Voltage Monitor (per unit) . . .. 1 
9. Regulated 24 Volu DC for External Use • • 000 1 

10. Aashing Logic Output ..•...•.•••...•....• 1 
Tocal Number of Outputs •• • ••••••• 0 0 •• • ••• 22 42 S4 93 
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Table 13-3 
INPUT-OUTPUT CONNECTOR PIN TERMINATIONS 

2- Through 8-Pbase 3-Pbase 4-Phase 8:Pbase 8-Piwe 

Connector A Connector B Connector B Connector B Connector C 
-2l-SSP (55 pin) -22-SSS (SS pin) ·ll·SSS (SS· pin) -22-SSS (SS l!!n) -24-61S (61 J!in) 

PIN Function PIN Function PIN Function PIN FuDctlon PIN Function 
A RESEilVED A q I PflASI! NEXT A ~I PllASI! NEXT A ~I PHASE NEXT A CODED STATUS BIT A (2)• 
B + 24 VOLT DC EX'I'ERNAL B SPARE I B SPARE I B SPARE I B CODED STAnJS BIT B (2)" 
c VOLTIIOE MONITOR c ~2 PHASE NllJ(t c '/2 PllASE NllJ(t c 9 2 PHASE NEXT c '18 DON'T WAJ.X DRIVER 
D '/ I RED DRIVER 0 1/3 GREEN DRIVER I> '/ 3 GREEN DRIVER D 1/3 GRE:llN DRIVER 0 '18 RED DRIVER 
E 'II DONT WAJ.X DRIVER E '/3 YELLOW I>R!VER E '/3 YEU.OW DRIVER E '13 YELLOW I>J!IVER E <17 YELLOW DRIVER 
F 1/2 RED DRIVER F </ 3 RED DRIVER F 93 RED DRIVER F ~ 3 RED DRIVER F 97 RED DRIVER 
G '12 DONT WAJ.X DRIVER G RESEI!VED 411 " G 1/4 RED DRIVER G 1/4 RED DRIVER G 1/6 RED DRIVER 
H '12 FED CLEAR DRIVER H RESEJ!VED 411 " H 1/4 FED CLEAR DRIVER H ~4 FED CLEAR DRIVER H 1/ S RED DRIVER 
J '/2 WALK DRIVER 1 RESEJ!VED 411 811 1 1/4 DONT WALK DRIVER J 1/4 OONT WALK DRIVER J 1/S YELLOW DRIVER 
K 1/2 VEHICLE CALL DET K RESEJ!VED 4jl 1111 K 1/4 CHECK K 9• CHECK K 95 PEl> CL£Ait DRIVEl\ 
L 92 PED CALL DET L RESEJMID4jl 1111 L 94 VEHICLE CALL DET L 9 4 VEHICLE cALL DET L 1/S OONT WALK DRIVER 
M 1/2 HOlD M RESERVED 411811 M 9 4 PED CALL DET M 1/4 PEO CALL DET M 1/S PHASE NEXT 
N STOP TIMING (I)' N 1J 3 VEHICLE CALL DET N 1/3 VEHICLE CALL DET N 1/3 VEHICLE CALL DET N 1/S PHASE ON 
p INHIBIT MAX TERM (I)• p 1J 3 PED CALL DET p 1/3 PEDCALL I>ET p 93 PED CALL DET p 9S VEHICLE CALL DET 
R EX'I'ERNAL START R '/3 PHASE OMIT R 1/3 PHASE OMIT R 9 3 I'H!,SE OMIT R '/5 PED CALL DET 
s IN'TERVAL ADVANCE s '/2 PHASE OMIT s 1/2 PHASE OMIT s 1/2 PHASE OMIT s 1/6 VEHICLE CALL DET 
T INDICATOJ! LAMP T RESERVED 811 r RESERVED 811 T 1/S PEDOMIT T </6 PEl> CALL DET 

CONnOI. 
u AC- (COMMON) u 1/ I PHASE OMIT u 9 I PHASI! OMIT u </I PHASE OMIT u ~1 PED CALL DI!T 
v CHASSIS OROUND v RESEJ!VED 811 v RESERVED 811 v PED RECYCLE (2)' v 1/1 VEHICLE CALL DET 
w LOGIC GROUND w SPAR!! 2 w SPARE 2 w SPARE 2 w qs PED CALL DET 
X FLASHING LOGIC ClJT X SPARE 3 X SPARE 3 X SPARE 3 X 1/8 HOLD 
y CODED STAnJS BIT C (I) • y 113 WALK DRIVER y 1/3 WALK DRIVER y 1/3 WALK DRIVER y PORCE.OFF (2)' 
z 9 I YELLOW DRIVEA z 1/l PED CLEAR DRIVER z 1/3 PED CLEAR DRIVER z 1/3 PI:D CL£AR DR.IVEI\ z STOP TIMING (2)' 

• 1/1 PE0 CLEAR DRIVER • 1/3 OONT WALK DRIVER 1/3 OONT WALK DRIVER • 1/3 DONT WALK DRIVER • INHIBIT MAX TERM (2)' 
b 1/ 2 YELLOW DRIVER b RESERVED 4fl ., 1/4 GREeN DRIVER b 1/4 GREeN DRIVER b SPARE I 

/12 GREEN DRIVER RESERVED 411811 1/4 YELLOW DRIVER /14 YELLOW DRIVER COOED STAT\JS BIT C 
(2)• 

1/1 CHECK RESERVED 4fl811 1/4 WALK DRIVER 1/4 WALK DRIVI!R 1/1 WALK DRJVEJt 
1/2 PHASE ON RESERVED 4ll 811 /14 PHASE ON 1/4 PHASE ON /II YELLOW DRIVER 
/I I VEHICLE CALL DET RESERVED ., 811 1/4 PHASE NEXT 1/4 PHASE NEXT /11 GREBN DRIVER 
1/1 PED CALL DET ' RESERVED 4jl llll • /14 PHASE OMIT 1/4 PllASE OMIT 96 GREEN DRIVEII 
1/1 HOlD h RESERVED 4jl 811 h 1/4 HOLD ~4 HOLD 1/6 YELLOW DRIVER 
FORCJ!.OFF I /13 HOLD I 1/3 HOLD 1/3 HOLD 1/ S GREEN DRIVER 

J EXT MIN RECALL ALL ~·s J /IJPEOOMIT J 1/3 PBDOMIT 1/3 PEO OMIT j 1/$ WALK DRIVER 
k MANUAL CONTROL k RESERVED Ill k RESERVED llll 1/6 PI:D OMIT k 1/$ CHECK 

ENABLE 
m CALL TO NON ACT I m RESERVED 1111 m RESERVED llll m 1/7 PED OMIT m 1/S HOLD 

• TEST INPUT A RESERVED 8- RESERVED 811 1/8 PEOOMIT 1/ S PHASE OMTT 
p AC + CCONTROLJ OL A YELLOW DRIVER OL A YELLOW DRIVER OL A YELLOW DRIVER p <,16t10LD 
q SPARE I OL A RED DRIVER OL A RED DIUVEit 0L A Rl!l> DRIVER q 1/6 PHASE OMIT 

CODEDSTAnJS BITB CW ' 1/3 CHECK 1/3 CHECK 1/3 CHECK 1/7 PHASE OMIT 
/I I OREJ!N DRIVER 1/3 PHASE ON 1/3 PHASE ON 1/3 PHASE ON '/I PllASE OMIT 
/II WAJ.l( DRIVER 1/3 PHASE NEXT '/3 PHAS6 NEXT 1/3 PHASE NEXT /II VEHICLE CALL DET 
1/1 CHECK RESERVED 411 !If OL D RED DRIVER OL D RED DRIVER RED REST MOO£ (2)' 
1/1 PI!I>OMIT SPARE 4 . SPARE 4 SPARE 4 OMIT RBD CLEAR m• 
OMIT liED CLEAR II)' RESERVED 4fl llll "' OL D GREEN DRIVER ' OL D OR.EEN DRIVER ~I PED CLEAR ORNER 

• RED REST MODE (I)' RESERVED 411 811 • 1/4 PED OMIT 1/4 PED OMIT ' 9 I OREllN DRIVER 
Y\ SPARE 2 SPARE$ SPARE 5 SPARES y 1/7 D0NT WALK DliVEit 

" CALL TO NON ACT II 1 RESI!.RVED Ill • RESERVED 811 1 MAX II SELECT10N (2)• • 1/6 OONT WALK DIJVI!R 
W.. TEST INI'VT B · AA OL A GREEN DRIVER AA OL A GREEN DRIVER AA OL A GREEN DRIVEl\ AA '/6 PED CLEAR DRIVEl\ 
llJJ WALK REST MODIFIER 88 OL 8 YEllOW Dill VER BD OL 8 YELLOW DRIVER DO OL D YELLOW DRIVER DO 1/6 CHECK 
Cc COOED STATUS BIT A (I)' cc OL B RED DRIVER cc OL 8 RED DRIVER cc OL 8 RED DRIVER cc 1/6 PHASE ON 
00 1/1 PHASE ON DD 0L C RED DRIVER DO OL C RED DRIVER 00 OL C RED DRIVER 00 i/6 PHASE NEXT 
!',£ 1/1 PEl> OMIT EE RESERVED 411811 EE OL D YELlDW DRIVER EE OL 0 YELLOW DRIVEit EE 1/7 HOlD 
f7' PED RECYCLE IW fF OL C GREeN DRIVER Ff OL C GREEN DRIVER Ff OL C GREEN DRIVEit Ff 1/1 CHECK 
00 MAX D SELECTION Ill' 00 OL B GREEN DRIVER 00 OL B GREEN DRIVER GO OL 8 GREEN DRIVER GO 98 PHASE ON 
~ SPARE3 HH OL <; YELLOW DRIVER HH OL C YELLOW DRIVER HH OL C YELLOW DRIVER HH 9 8 PHASE NEXT 

JJ 91 WALK DRIVER 
KK 91 PED CLEAR DRIVER 
LL 1/6 WALK DRIVER 
MM 1/7 C"t!ECK 
NN 91 PHASE ON 
PI' 1/1 PHASE NllJ(t 

• NumbeJS in parenlheses ( ) refer to Ring tiumber (I) or (2). 
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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 section provides definitions and physical and functional standards for 2- through 8-phuse solid-state traffic 
signal controller units which fully conform to Sictions 3 and 4 of this Standards Publication and which also have 
additional advanced input and outp~.<t 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 tho5e built to coliform to Sections 13 and 14. 

In order to achieve greater utility, these standa.-ds define more ~onstructionfeatures 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-plulse controller units capable of providing all the phase, ring, and unit functions, as 
defined in these standards lJlld determined by the controller unit phase capacity. It is separated into the following three 
claUses: 

14.1 Definitions 
!4.2 Physical Standards 
14.3 Functional Standards. 

14.1 DEFINITIONS 
14.1.1 Ring 

A ring consists of two or more sequentially timed and 
individually selected conf1ic1ing 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 coOO'Oller unit at which 
both rings are interlocked. 

1\vo reference points or barriers as~ure there win be oo 
concurrent selection and timing of conflicting phases for 
traffic movement in different rings as illustrated by 
Fig.l4-l. Both rings cross the barrier simultaneously to 
select and time phases on the other >ide. 

NEMA Standaid 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 and 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 a preferred sequence 
and to allow concurrent timing of ooth rings, subject to 
the restraint in 14.1 .2. The phases within the two timing 
rings shall be numbered as i))ustrated by Fig. 14-1. 

NEMA Standard 1·29·1981. 

Authorized Engineering Information H!S-1981. 

14.1.3.2 SINGLE-RING CONTROLLER UNIT 

A single-ring controJler 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 

, 4.1.4.1 DUAL ENTfiY 

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 a 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 1-29-1981. 

01 02 

05 06 

8-PHASE UNIT 

Figure 14·1 



L:j 01 1°2 ~PHASE UNIT 

Lj 0 1 1·2 1°3 RPHASE UNIT 

L:j 01 02 1°3 I 04 hJHASE UNIT 

Figure 14·2 

Example: Refer to Fig. 14-1. In the absence of calls 
on phases 7 and 8, with phase 2 and phase 6 tenninating 
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 1·29·1981 . 

14.1.4.2 S INGLE 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- l . 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 lnfolmation 1-29·1981. 

14.1.5 Pedestrian 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 
vehicular traffic movement as timed by the controller 
unit. 

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. 

14.1.6.2 NoNCONA..tCTING PHASES 
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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 nmlng, 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 rae]!: (multiples of 1- % 
inch mounting centers). The height of the controller unit 
shall not exceed 24Y2 inches. The depth of the unit, 
including connectors, harnesses, and protrusions, shall 
not exceed 141h 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-l!z inches to the front. 

NEMA Standard 1-29·1981. 

14.2.2 Design 

The controller unit shall be ci 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. 

PHASES 

Figure 14·3 
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14.2.3 Material and Construction of Rigid 
Printed Circuit All~mblies 

14.2.3.1 MATERIALS 

All printed circuit boards shall be made from NEMA 
FR-4 glass-epoxy, or equivalent (see No. U I, In:lustrial 
Laminated Thermosetting Products). Circuit boards ex­
ceeding 2 inches in any dimension shall have a nominal 

·thickness of at least 1/16 inch. Circuit OOar'ds not exceeding 
2 inches in any dimension shall have a nOminal thickness 
of at least 1 ilz inch. 

14.2.3.2 CoNDUCTORS 

The walls of all plated-ilirough 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 coppet: All electrical 
mating surfaces shall be made of nomcorrosive material. 

1 •. 2.3.3 CoMPONENT IDENTIFICATION 

oJhe unit shall be so designed that each component is 
identified whh a circuit reference symbol. The identifica­
tibn 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. 

·r; 
14.2.4 Interface C....-c:tora 

The connectors on tbe controller unit shall have a 
metallic shell. The connector shell shall ~-connected to 
the CHASSIS GROUND internally. The cOAnectors shall 
be mounted on the front of the uni~. (See Section 13.) 

NEMA Standard 1-::9-1981. 

14.3 FUNCTIONAL STANDARDS 
14.3.1 Ger'leral 

Controller unit frames capable of accepting up to four 
phases shall contain one timing ring. Controll:r unit 
frames capable of accepting eight phases shall contain 
two timing rings with no more than four phases per ring. 
Dual ring controller units shall be capable of single-entry 
operatio.o with dual-entry operation obtainable by exter­
nal logic. Input, outputs, and programming controls are 
separated. into the following three categories: 

I. Per phase (14.3.2) 
2, Per ring (14.3.3) 
3. Per unit (14.3.4) 
The priority of input function (14.3.5), the use of 

indicators on the controller unit (14. ~. 6), and the method 
of detell1lining overlaps (14.3.7) are also established. 

NEMA Standard 4-7-1983. 

14.3.2 Per Phase 
The controller 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, In ere ments, 
Function Seconds Sec:onds 

Min Green (initial) 1-30 
Passage Time (preset gap) 0-9* 0.25 
Maximum l ............ 1~99 1 
Maximum 2 ............ 1-99 1 
Yellow Change ......... 0-7* 0.25 
Red Clearance .......... 0-7 0 .25 
Walk ....... .......... 1-30 1 
PED Clearance ....... '. 0-30* 1 
Added Initial ........... 0-3 per 0 .!25 

Actuation 
Time to Reduce .. . ...... 1-60 
Time Before Reduction ... 1-60 I 
Minimum Ga2 . ......... 0-7.75* 0.125 
• Zero shall be satisfied by any time between zero and I 00 millisec­
onds. 

14.3.2.2 PHASE INTERVALS 

1. GREEN Interval-Actuated 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. 

(1) 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 presenc.e 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 ponion 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. 

(c) 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 
(c) MINIMUM GAP 
(d) TIME TO REDUCE 

TS 1-1989 
Page 61 

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 a llowable 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 TIMETO REDUCE control. 

The reduction of the al!QWable 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 
zero). 

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. 1\vo 
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 contro l 
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. 

INITIAL 
TIMING 

ADDED 
INITIAL 
RANGE MAXIMUM INITIAL 

(SECONDS}'I----1.--...,._.,.,r-_--=- ---- MINIMUM GREEN __ J 

i_ j .--
VEHICLE ACTUATIONS 

Figure 14-4 
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TIME BEFORE REDUCTION 

PASSAGE 
TIME 

c (DELAY TO START GAP REDUCTION) 

GAP 
TIMING 
(SECONDS) 

I 
I 
I 
I 
1 MINIMUM GAP -- _, __ ------ ----- ---..-I 

I TIME TO REDUCE 
I ..: I ., 

GREEN TIME (SECONDS) 

(a) 1o • Start of phase GREEN. 
(b) l j - Registn tion of serviceable ::onflict.ing call. 
(c) TIME BEFORE REDUCTION ~II 110( stan timing before lo· 
(d) MAXI MUM timer staJt shall be conditional upon being in the GREEN interval and registration of a 

serviceable conOicting call-vehicle or pedest..U.n. 
(e) PASSAGE TIME portion of GREEN interval rmur time concurrently wilh INITIAL subject 10 vehicle 

IICtllations. 

Figure 14-5 

During the indic~on of the WALK and PEDESTRIAN 
CLEARANCE intervals, a concurrent GREEN vehicle 
indication shall be shown. It shall be possible to recycle 
the pedestrian indications in response to succee:ling ~ 
destrian calls for service-subject to absence of service­
able contlicting calls (vehicle or pedestrian) and nonac­
tivation of the PEDESTRIAN OMIT line. 

3. Actuated Phase. Operating in The NoMctuattd 
Mode 

The actuated-phases that are converted to NONACTU­
ATED operation by activation of either of the CALL TO 
NONACTUATED MODE inputs shall bave a permanent 
demBild ?laced for vehicle and pedestrian service. Each 
such phase shall be equipped wrJl pedestrian timing 
capability. 

These phases shall be consider-..d to have tbe 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 state. The contro11er 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 indications 
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 caU does not exist, the controller unit shall continue 
to dwel.l in State B of tbe phase. 

STATE A - CODE o· 
WALK 

STATE B - CODE P 

WALK HOLD 

STATE C- CODE 2* 

PEDESTRIAN 
CLEARANCE 

STATED- CODE 3• 

GREEN REST 

Figure 14-6 

*Coded Status Bits Cocle (Reference 14.3.3.2) 



c. State C shaU 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. lf the PEDES-

TRIAN RECYCLE input is not active and the Wo\LK 
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 8. If the HOLD input is active at this point, 
the controller unit shall remain in this state. lf FORCE­
OFF is applied and if a serviceable conflicting call exists, 
the controller unit shall advance to State C; otherwise 
State 8 exists as long as HOLD remains active. lF 
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 
StateD even in the presence of HOLD. When in StateD, 
the controller unit shall terminate the phase if a service­
able conflicting call exists. If no serviceable conflicting 
call exists, the controller unii 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· ha.s no effect on the duration of 
State D. 

The duration d the GREEN interval shall not be less 
than the setting of the MINIMUM GREEN control. In 
those instances when: the swn d the WALK setting, the 
HOLD stole 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. Termi11ation of Green Timing-GREEN timing 
termination shal~ 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 uoit 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 phose, the controller unit shall provide a RED 
CLEARANCE interval which is timed according to the 
RED CLEARANCE timing control for that pb~e.::Dur­

ing this RED CLEARANCE interval, no OREEJI.fJ.ndica- . 
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 EXCWSJVE 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
CWSIVE PEDESTRIAN phase. 

It shall not be requmd in a four-phaSe . se{fuential 
controller unit to provide mon: than threC · ph~es io 
addition to the EXCWSIVE PEDESTRIAN pha·~. 

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 pedcsu-ian u1emory, 
the exclusive 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 

-•••.,•••:• ,., ' " '.,' ,.,'O•'a',,•,.• , •.,•-
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to recycle the pedestrian indications in response to suc­
ceeding pedestrian calls for service, subject to a·Jsence of 
serviceable conflicting calls (vehic::le or pedestrian) and 
nonactivation of the PEDESTRIAN OMIT line. 

14.3.2.3 PHASE SELECTION PCINTS 

The phase next to be serviced shall be detennined 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 FOfl STORING A DEMAND 

There shall be a provision for storing a call for vehicle 
service on each vehicle _phase when that _pha~e is not 
displaying a GREEN indication. The vehicle memory 
feature shall be capable of being dtsabled from the front 
of the controller unit. Tllere ~hall he a prov i~ion 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' MAXIMUM RECALL 

Means shall be provided to place a call on a phase 
from the front panel such that the GREEN timing of that 
phase shaH 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 STAlES 

SIGNAL DISPLAYS 
...._GREEN 

WALK 

FLASHING DON'T 
WALK 

STEADY DON'T WALK 

~~lNG 
MINIMUM GREEN 

WALK 

PEDESTRI,tr.N 
C_EARANCE 

A 

conflicting call, but the phase shall not terminate unless 
there is an actual serviceable conflicting call. 

14.3.2.6 PLACEMENT OF MINIMUM 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 m 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 recycle the pedestrian service until an 
opposing phase is serviced. 

14.3.2.8 PLACEMENT OF CALL AT PHASE TeRMINA­

TION 

When a phase is tenninated with time 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 tenninated 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 
controller unit. 

8 c oj 

.. 
---~- ~----

Figure 14-7 
ACTUATED PHASE OPERATING IN THE NONACTUATED MODE 

•MINIMUM GREEN time out during Slate A, B. or C. StateD 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 oonac­
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 3nd 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 tlte 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 Qf the HOLD input shall allow the 
controUer 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 tbe 
phase. The rest state signal indications for that pilase 
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/ 
SELECf 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 shllll advAnce into the VE­
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 m 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 Omit-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 caJI 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. 

14.3.2.10 OuTPUTS 

1. Load Switch Drivers, Basic Vehicle (Three Per 
Phase)-Provision for separate GREEN, YELWW, and 
RED outputs for each basic vehicle phase. A circuit 
closure to LOGIC GROUND shall be maintained at one 
of these three outputs at all times. The three outputs shall 
e~er~ize the ap.propriate vehicle signal load switching 
crrcu1t to result m a GREEN, YELWW, or RED indica­
tion for the duration of such required indication. 

2. Load Switch Drivers, Pedestrian (Three Per 
Phase)-Provision of separate WALK, PEDESTRIAN 
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 nt oil times. The three outputs sholl 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 ou1pur to indicate call status (vehicle 
or pedestrian, or both) of the phase, activated when the 
controller unit is not in tile 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. lt 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 i11terval 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 foJJowing features are required on a per-ring basis: 
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14.3.3.1 INPUTS 

1. Force Off-Provision for termination of the 
GREEN timing or WALK HOLD in the non lCtuated 
mode of the active phase in the timing ring by application 
of this signal-such terminating su'!!ject to presence of a 
serviceable conflicting call. The FORCE OFF :'unction 
shall not be effective during the tirrJng of the INmAL, 
WALK, or PEDESTRIAN CLEARI\NCE. The FORCE 
OFF input shall be effective only as long as the input is 
sustained. (See 14.3.2.8.) · 

2. Red Rest-Input to require rest in RED of all 
phases in the timing ring by continuous applicati :>n of an 
external signal. Registration of a seaviceable co11flicting 
call shall result in immediate advance from RED REST 
to GREEN of the demanding phase. Registration of a 
serviceable conflicting cal l before entry into tie 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 Terminatio'l-An input to disa­
ble the maximum termination functions of all phases in 
the selecled. 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. PedeJtrian Recycle- An input to control tb.e 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 3Ctuated 
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. 

b. When the phase is operating in the oonactu­
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 sha11 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 (,S:election)-:-lnp~t to allow the se­
lection of a second maximum time setting on all phases 
of the timing ring. . · 

14.3.3.2 OUTPUTS (SEE TABLE 14-1) 

One or more of the coded status bit states shown in 
Thble 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) 

lit Logic States 
Code No. c B A 

0 +24V +24V + 24V 
l +24V +24V OV 
2 +24V ov +24V 
3 +24V ov OV 
4 ov +24V +24V 
5 ov +24V OV 
6 ov ov +24V 
7 ov OV OV 

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-Wa/k Timing-When timing the WALK por-- - -
tion of the GREEN interval (nonactuat,ed State A). 

Code 1-Wa/k 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 t LEARANCE 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-Ye//ow 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. 

14.3.4 Per Unit 
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The following features shall be required on a per 
controller-unit basis: 

14.3.4.1 INITIALIZATION 

Initialization shall occur under either of the following 
conditions: 

1. Restoration of power after a defined power inter­
ruption. 

2. Activation of EXTERNAL STARr 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. 

14.3.4.2 INPUTS 

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 
cont;roller unit unless EXTERNAL MIN. RECALL TO 
ALL VEHICLE PHASES or MANUAL CONTROL 
ENABLE inputs are activated. 

The controller unit shall select the next pbase 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. lf INTERVAL AD­
VANCE is applied when the unit is displaying GREEN 
and PEDESTRIAN CLEARANCE, the unit shall display 
a steady DON'T WALK indication and advance to the 
GREEK DWELUSELECT state, from which it shall 
immediately select a ph.ase next and advance to the 
YELLOW subject to the presence of a service1ble 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 DW ELUSELECT 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] 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 t.J-.rough all serviceable 
interval> e.xcept that the controller unit shall not advance 
beyond the GREEN DWELUSELECf state without a 
serviceable conflicting call, except when RED REST is 
active. 

5. Manual Comrol Enable- An input to place vehi­
cle and pedestrian calls on all phases, stop cont""'ller unit 
timing in all intervals ex:ept vehicle change and clear­
ance intervals, and inhibit the operation of 11\TERVAL 
ADVANCE during vehicle change and clearance inter· 
vals. 

When this function is used in conjunction with JN. 
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 DWEW 
SELECf, from ·which it shall immediately sele:t a phase 
next and advance to the YELLOW, subject to the con· 
straints of concurrent timing. 

. b. When concurrent pedestrian service is pro­
. vjded, two sequential activations of the INTERVAL AD­
VAN~,E )njJii~·:shall be :equired to advance through a 
given GREEN interval. The firsl actuation shall termi­

. nate the WALK interval, and the second shall terminate 
the GREEN interval, including the PEDESTRIAN 
CLEARANCE interval. 

c. All vehicle change and clearance intervals 
are timed internally by the controller unit. Acwalions of 
the INTERVAL ADVANCE input during vehicle change 
and clearance intervals shall have no effect on the con· 
troller unit. 

6. Call to NonactUIJled Mode (Two per U'lit)-1\vo 
inputs shaH be provided which when activated shall 

cause any phase(s) appropriately programmed to operate 
in the NONACfUATED MODE. 

The two inputs shall be designated CALL 10 NON­
ACTUATED MODEl and CALL TO NONACTUATEI: 
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 ?hoses­
Input to place a recurring demand on all vehicle phaseE 
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 Information 
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 reven to its programmed initialization phase(sl 
and interval(s) upon application . Upon removal of thi~ 
input the controller unit shall commence normal timing . 

I I. 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·out 
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 1 

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 Stale D in the absence of a serviceable 
conflicting call [see 14.3.2.2(3d)]. 

14.3.4.3 OuTPUTS 

1. Logic Ground-Voltage reference point and cur· 
rent return for controller unit input and output logic 
circuits. llris 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) onl:-o 
as long as the voltages within the controller unit do not 

drop below predetennined levels reqllired to provide nor· 
mal operation. 

3. Regulated 24 Volts DC for External Use-(su 
13.2.4(2)). 

4. Flashing Logic Output- Alternating TRUE/ 
FALSE logic output at 1 pulse per second repetition rat.: 
with 50::!:2-percent duty cycle. In its FALSE state, thi; 
output shall be capable of providing 50 milliamperes ci 
current. In its TRUE state, this output shall be capable ci 
sinking 200 milliamperes. This output shall switcll 



within 5 degrees of the zero crossover point of the ac 
line. 

S. Load Switch Drivers, Vehicle Overlap (Three per 
Over/ap)-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. 1be 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). 

14.3.4.4 RED R EVERT 

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. 

NEW. Standard 1-29-1981. 

14.3.5 Priority of Input Functions 

The priority of input functions shall be in the follow-
ing order: 

I . Power-up 
2. External start 
3. Phase omit 
4. Pedestrian omit 
5. Interval advance 
6. Stop timing 
7. Manual control enablct 
8. Force-()ff 
9. Hold 

t 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 I 
second. · 

Status of Active Phase in the Ring­
!. Initial 
2. Extension 
3. Yellow change 
4 . Red clearance 
5. Wal.k 
6. Pedestrian clearance 
7. Reason for green termination 

a. Gap-out 
b. Maximum time-out 
c. Force-()ff 

8. Rest state (dwell). 
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The above information shall be displayed simul­
taneously for both rings in a dual ring controller. 

NEMA Standard 4-7-1983. 

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 0/ERLAP GENERATION 

I . Three-phase Controller Unites-A mtmmum 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 ()2 + ()3 
OL B = 01 + 03 
OL C = 0 1 + 02 

2. Four or More Phase Controller 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 provide 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 P ROGRAMMING 

The method of programming of overlap signal control 
shall be either by: 

I . 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. l4-9, 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). 

c. 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. 'JYpical 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 

~ 
I t I 
'o o'o'o 

PHASE 1 2 3 4 

RING 2 
0 0 0 0 

0 0 0 0 
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 
,0 0 0 0 

I 
\o 0 0 0 

PHASE 1 2 3 4 

RING 2 
0 ' 0 0 p 

I 

0 0 0 'o 
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 for 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 
field 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 thiJI loop. 

These standards cover the performance and tiesign 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-actutJted trqffic controller unit or provide inputs to trqffic-responsive control and surveillance systems. Loop 
detectors generate outputs indicativ-e of vehicles passing through the sensor loop zone of detection. This output may 
be used for counting (volume) or for detecting presence time represenuJtive of the time thiJI vehicles.. are in the sensor 
loop zone Clj detection (occupam:y), or both. 

15.1 LOOP DETECTOR DEFINITIONS 

15.1.1 Vehicle Detector System 

A system for indieating the presence or passage of 
vehicles. 

NEM ~ 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 ~r pres­
ence of a vehicle in the zone of detection of the sensor 
loop(s). 

NEM~ Standard 8-20-1986. 

15.1.3 Sensor Loop 

An electrical conductor arranged to encompass a por­
tiorl of roadway to provide a zone of detection and de­
signed such that the passage or presence of a vehicle in 

the' zone causes a decrease in the inductance at· the loop 
thaj can be sensed for detection purposes. 

NEMA Standard 8-20-1986. 

15~1.4 Zone of Detection 
i 

That area of the roadway within which a vehicle is de­
tected by a vehicle detector system. 

NEMA Standard 8-20-1986. 

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 11-20-1986. 

15.1. 7 Lead-In Cable 

The electrica1 cable which serves to connect the sensor 
loop(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 8-2().1986. 

15.1.9 Crosstalk 

The adverse interaction of any channel of a detector unit 
with any other detector channel. 

NEMA Standard 8-20-1986. 



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 tenninals. 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 snail be located at the intended zone(s) of detec­
tion. The sensor Ioop(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 t<fcause an output response 
from the detector unit. ' · · 

NEMA Standard 8-20-1986. 

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 

Dtdector Type 

Shelf Mounted 
10 Pin MS 
Connector(s) 

1 Channel 
2 Chatmel 

(Reserved) 

Card Rack 

2 Channel 
4 Channel 

Sltelf Mounted 
19 Pin MS 
Connector 

4 Channel 

Without l>elay/Eideuslon 

Relay Output Solid State Output 

Type1 
Type 3 

Type 9 

Type2 
Type 4 

Type 7 
Type 8 

With Delay/Estenslon . 

Relay Output Solid State Output 

Type lT 
Type 3T 

Type 2T 
Type 4T 

Type 7T 
Type ST 

Bach channel shall be provided with independent loop input terminals and shall deliver detection infonnation on independent output terminals. 
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: ST».NEMA TS l-ENGL 1~0, - ----··---

15.2.2.2 DIMENSIONS 

1. Shelf mounted one-channel units shall be il maxi­
mumof2.5" W X 7"H X 9"0, including projec­
tions, but excluding the mating connector. 

2. Shelf mounted two or four-channel units sball 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 ;hall be 1.14" max. 
W x 4.5" H x 7.00" D, excluding the handle as 
shown in Figure 15-~ . 

4. Four-channel card rack units shall be 2.31" max. 
W x 4.5" H x 7.00" D, excluding the handle as 
shown in Figure 15-2. 

N Et.IA Standard 8,.2().1986. 

15.2.3 Connectors 

On shelf mounted units, all inputs 2nd outputs, iDCluding 
power, shall enter the unit through a front panel connec­
tor. Tile connectors of shelf mounted units shall mate with 
the connectors specified in the~ standards. 

NEMA Standard 8-20-1986. 

15.2.4 Acc .. alblllty 

The detector unit shall be 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 Circuit Auembll" 

15.2.5.1 MATERIALS 

All printed circuit boards shall be made from NEMA 
flame resistant Grade FR-4 laminat:es (glass-epoxy), or 
equivalent (see NEMA Ll 1, lndustlrial Laminau d Ther­
mosetting. Products). Circuit boards exceeding two inches 
in any dimension shall be at least 1/ 1, inch nominal 
thickness. Circuit boards not exceedmg two inches in any 
dimenssion shall be at least 1/ 32 inch nominal thickness. 

15.2.5.2 CONDUCTORS 

The walls of aJ 1 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 foot of copper. All elec­
trical mating surfaces shall be made of noncorroding 
material. 

15.2.5.3 CoMPONENT lt>ENTIFICATtON 

The unit shall be designed so that each component is 
identified by a circuit reference symbol. This id-:ntifica­
tion shall be affixed to the printed circuit board(s), the 

cover of the unit, or in· an assembly drawing provided with 
the unit. 

NEMA Standard 8-20-1986. 
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.Figure 15-1 
TWo-CHANNEL CARD RACK UNIT 
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Figure 15·2 
FOUR-CHANNEL CARD RACK UNIT 



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 VOC 
± 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 V AC 60 Hz input power 
shall meet the following requirements: 

I. 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 VOC INPUT 

+TRANSIENT 

TEST CONDITIONS: 

I. Transient generator is described in 2.1. 7. 

CHASSIS 
GROUND 

2. The input vollage sblll be 24 ± 2.S volts de measured at the input 
terminal to the loop deleetor under test. 

3. 1be de power source must be capable of supplying at least 100 
milliampere~ per channel. 

4. When testing for the reverse polarity transient, lh:e diode shown shall 
be reversed. 

Flgure15-3 
TEST CONFIGURATION 

15.2.6.7 TRANSIENTS, LOOP DETECTOR 
INPUT TERMINALS 

The detector sball be capable of withstanding the follow­
ing two nondestructive transient tests: 

1. The detector loop input terminals, ~th loop not con­
nected, sball be subjected to the nomdestruct 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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so, 

10 M"' 

TEST 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 

LOOP 
100 DETECTOR 
MICROHENRIES UNIT 

r---..------- 1----ill----@1 ·sENSOR LOOP INPUT 

50 MICFOHENRIES 

TEST 
PUSHBUTION 

10K"' 

NEGATIVE 

POLARITY SELECTOR 
SWITCH 

TRANSIENT TEST CONFIGURATIONS 

TEST SELECTOR POLARITY 
POSITIOIJ SELECTOR 

1 POSITIVE 
2 POSITIVE 
3 POSITIVE 
4 POSITIVE 
1 NEGATIVE 
2 NEGATIVE 
3 NEGATIVE 
4 NEGATIVE 

·sENSOR LOOP INPUT 

·cHASSlS GROUND 

TEST 
POWER 
SUPPLY 
3000V 
± 5% 

TESTED 
INPUTS• 

OTO H 
E TO H 
DTOE 
E TO D 
D TO H 
E TO H 
D TOE 
E TO D 

•the pin desigll8lioas sb<Jwn are for a single channel detector. Similar tests shall lle performed on 
all chan.nels of 1 niultichaunel detector. 

Figure 15-4 
LOOP INPUT TERMINAL TRANSIENT TESTS 

The eight conditions of the test shall be perform~ with 
the detector operating from its nofncl power sou.-:-ce and 
with a 100 uH ± 10 percent coil connected across the 
loop terminals of each channel. 

percent connected in accordance with Figure 15-4. 
The voltage on the capacitor shall be adjusted to 3000 

volts, ± 5 percent. 
The push button shall be activated for at least one sec­

ond for each of the eight conditions. The energy source shall be a capacitor of .05 uF ± 5 



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 SHOCK 

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 8-2().1988. 

15.2.7 Power Inputs 

15.2.7.1 AC+ (LINE SIDE) 

The AC + (line side) is the protected side of the 120 
Y AC 60 Hz power source. The steady state input current 
per channel shall J:!Ot exceed 100 milliamperes rms. 

15.2. 7.2 AC- (COMMON) 

The AC- (common) is the unfused and unswitched re­
turn side, neutral of the 120 V AC 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 re.turn 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 
units 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 8-20-1986. 

15.2.9 Chassis Ground 
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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, ex.cept 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 Controllnputa 

15.2.10.1 De CONTROL INPUTS 

Control inputs shall have the foJlowing characteristics 
as measured from the negative side of the + 24 VDC in­
put supply: 

NEMA Stancnrd 6-~1986. 

The negative side of the + 24 VDC input supply will 
normally be returned to LOGIC GROUND within the 
controUer assembly. When lhe negative side of the +24 
VDC input supply is returned to LOGIC GROUND, 
LOGIC GROUND is the reference point for the control 
inputs. 

Authorized Engin&el'ing Information 8-20-1986. 

15.2.1 0.1.1 "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. 

15.2.1 0.1.3 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 volts. 

15.2.10.1 .4 ExTERNAL 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 CU~RENT 

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 l.O millisecond shall not-~ recognized. Any in­
put signal dwelling in a ddined logic state for more than 
30 milliseconds shall be recognized. Successi'fe similar 
logic state transitions shE.II not be recognized when oc­
curring less than 10 milliseconds apart, and shall be rec­
ognized wJ.en occurring n: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/ex.tension feature on the channeL 

15.2.1 0 .2 AC CONTAOL INPUTS 

Control inputs shall have the following characteristics 
as measured from the AC-(corrunon) input of the unit: 

15.2.1 0.2.1 "ON" OR ACTtVE VOL TACH AANGI 

Any voltage from 70 to 13~ volts AC shall be consid­
ered the "on" or active state. 

15.2.1 0.2.2 "OFF" OR INACTIVE VOLTAGE 

Any voltage Jess than 15 volts AC shall be considered 
the "o:'f' or inactive stt.te. 

15.2.1 0.2.3 INPUT CURRENT 

The input current shall not exceed SO milliamperes. 

15.2.1 0.2.4 SIGNAL RECOGNITION 

Any input signal dwelling in a defmed logic state for 
less than 8.3 milliseconds shall not be recognized. Any 
input signal dwelling in a :tefined 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 APPUCATION OF AN "ON" STAlE 
VOLTAGE TO A DELAY/EXTENSIOt.; 
INHIBIT INPUT 

The application of an "on" state voltage to o 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 S.20-198E. 

15.2.11 Loop/Lead-In Electrical Properties 

Eacb channel of the detector unit shall function in ac · 
cordance with the specific requirements of this slandarc 
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-SO to 700 microhenries. 
2. Qat SO KHz-greater than S. 
3. Resistance to earth ground- greater than I 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 6ft. (1.928rn 
x 1. 928m) three turn loops and shielded lead-in cable 
as illustrated in Figure 15-5. 

L Single-loop 6 ft. by 6 ft., three turns, with 100 ft 
of lead-in (80-105 microhenries). 

2. Single-loop 6ft. by 6ft., three turns, with 1,000 
ft. of lead-in (260-320 microhenries). 

3. Four loops 6ft. by 6ft., 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€. 



ELECTRICAL PHYSICAL 
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CABLE SPOOl PUL: BOX TEST LOOP 3 TUftNS 

1000' 

SHIELO 

CHAMFER DETAIL 

CONSTRUCTION-Loop dimension tolerances shall be ± 2 inches. Omnections shall be soldered and water­
proofed. Loops shall be installed in a norueinforced pavement and located at least3 feet (.914m) rrom any con­
ductivt. material. lead-in cahle mall be spooled. Loop leads shall exit at one corner of the loop structures. All 
loop cocners shall be chamfered 12 inches. 

LOOP WIRE- Each loop shall be three wms of AWO #14 cros~.link.cd polyetheleoe imulatcd, atninded copper 
wire, such as IMSA (International Municipal Signal Association) Specification 51-3, 1984, or equivalent. Loop 
Inductance shall be between 60-80 microhenries. 
LEAD-IN WIRE-The lead-in wire shall be AWG #14 twisted pair, aluminum polyesrer shield, polyethylene 
insulation, polyethylene jacket, inductance between 20 uH and 24 uH per 100 feet, such as IMSA Specification 
30-2, 1984, or equivalent. Fur Mandardized teo! pUL~, the shield shall be imu1atcd from ground. 

F icld 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 Authori:led Engineering Infurmation.) 

SAWSLOT-The COIIductors sllall be placed at the bottom of a 1-112 ± 1.4-inch deep by 14-inch wide sawslot. 
Pavement sawslot shall be filled with a suitable epoxy oc equivalent sealant. 

FIGURE 15-5 
TEST LOOP CONFIGURATIONS 
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15.2.13 Test Vehicle Definition 

Dete::tor 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 pennit 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 I: 0.13 percent E ~L) or 0.12 microhe::rrles (L!.L) 
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 (~L) or 0.3 microhenries (L!.L) 

inductance change with a single 6 ft x 6 ft, three turn 
loop with 100ft lead-in (large motorcycle); 

Class 3: 3.2 percent (~L) or l.O microhenries (L!.L) 

inductance change with a single 6 ft X 6 ft, three turn 
loop, with 100 ft lead-in (automobile). 

The maximum reduction caused by any test v-ehicle shall 
be 5.4 percent(~) or 5 microhenries (6L) inductance 

change with a single 6ft X 6ft, three tum loop with 100 
ft lead-in. 

NEMA Standard 8-20-1986. 

15.2.14 Sensitivity 

The detector unit shall be capable of detecting any of 
the ve:ticles defined in 15.2.13 on any of the test loops 
define.;! 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 o{ierating on any of the test loop configurations de· 
scribed in 15.2.12, each channel Qfthe detectcr unit shall 
includ~ 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 sele :tions shall 
be provided for each detection channel. 

lEMA Standard 8-20-1986. 

15.2. 16 Approach Speed 

The detector unit shall detect any vehicle d ~ribed in 

15.2.13 over any of the single loops described in 15.2.11 
traveling within the speed range of 5 to 80 miles per hour. 

The detector unit shall detect any vehicle described .i 1 

15.2.13 over all of the loops of the four loop configura. 
tions described in 15.2.12 traveling within the speed range 
of 5 to 20 miles per hour. · 

All channels of a multichannel detector shall 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 maintain­
ing a detection output for a minimum of 3 minutes. 

15.2.17.2 PULSE 

A detection output between 100 and 150 milliseco~cs 
shall be initiated when a vehicle enters the sensor l()(lo';) 
zone of detection. · 

If this vehicle remains in the zone of detection, 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 ()ne ou~­
put pulse for a test vehicle traveling at 10 miles per hot:r 
across the zone of detection of the single sensor loops de-
fined in 15.2.12. · 

NEMA Standard 8-20-19811. 

15.2.18 Recovery from Sustained Occupanc' 

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 zor:e 
of detection is vacated. 

NEMA Standard S.20·198oJ. 

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 10 

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 1S.2.12. In response to step return to the orig· 
inallnductance, 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 to 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"<:hannel 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 surveiUance applications involving 
vehicle speeds in excess of 45 m.p.h., more precise re· 
sponse times might be required. 

Authorizod Engineering Information 8-20-1986. 

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 tlDling 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 8-20-1986. 

15.2.21 Self-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 8-20-19815. 

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 8-20-1986. 

15.2.24 Delay/Extension 

Each channel of a unit with delayiextension shall have 
three modes of operation-delay, extension, and normal 
(i.e., neither delay nor extension). Channels 1 and 2 of 
four channel detector mtits 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 dday timing is con­
trolled by the DELAY /EXTENSION ENABLE input de­
fined in 15.2. 10.1.7 or DELA YIEXTENSION 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 
1~30 second range. The accuracy shall be ± 'h second 
or± 5 percent of the setting, whichever is greater. When 
the DELAY /EXTENSION ENABLE input is inactive, the 
delay shall he zero (Q to 0.1 seconds). When the DE· 
LAY/EXTENSION INIDBIT input is active, the delay 
shall be zero (0 to 0.1 seconds)._ 



TS 1-1989 
Page 82 

DELAV OPERATION - OUTPUT OCCURS 

VEHICLE l TIME SETIING ~ 

(
(PRESENT -- ______ -+-------P-. 

(NOT PRESENT - l L'---
' I 

OUTPUT 
(CONDUCTING 
( 
(NOT CONDUCTING 

-------------n~--

DELAY OPERATION - NO OUTPUT OCCURS r 
1 TIME SETIING 

(PRESENT _ _ _ __ _ 

( -----~~-------..._ ______ _ (NOT PRESEN- • 
VEHICLE 

( 
I~()Nni i~TIN~ 

OU TPUT 
(NOT CONDUCTING 

Figure 15-6 
DELAY OPERATION 

. Care should be taken -when insbl.ling a detector unit 
'~hich ernploys DELAY/EXTENSION INHffiiT opera­
tion in place of a detector unit which does not lave this 
feature as delay operation may be initiated which would 
cause improper intersection operation unless the delay/ex­
tension liming is set to zero. (This paragraph has been 
approved as Authorized Engineering Infonnation.) 

1 5.2.24.2 EXTENSK>N 

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 extensio·ll 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/EXTENSIONINHIBIT input defined in 15.2.10.2.5. 

The extension time shall be adjUstable in the range from 
0 to 71h seconds. The setability shall be within '1.1 second. 

The accuracy shall be ± 112 second. When the 
DELAY /EXTENSION ENABLE input is ~ve, the ex· 
tension shall be zero (0 to 0.1 seconds). When the 
DELAY/EXTENSION INHIBIT input is active, the ex" 
teJISion shall be zero (0 to 0.1 seconds). 

NEMA Standard 6-20-1986. 

VEHICLE (PRESENT -fnME SETIINaj-

(NOT PRESENT ::.=r-L____j__ 
OUTPUT (COt-{f>UCTING --- r----:-1 

(NOT CONDUCTING __J L__ 

Figure 15-7 
EXTENSION OPERATION 



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: 

1. Outpuzlndicator-Means to visually indicate the out­
put state of each channel. Each channel shall have 
a separate indicator. 

2. Sensitivity Control-Means to pennit selection of the 
sensitivity of each channel as described in 15.2.15. 

3. 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. 

4. Manual Tuning Control- When required, it shall 
permit accommodation of the range of loop/lead-in 
inductances. 

5. Reset-A control which unconditionally causes the 
detector or detection channel to retune to a non­
vehicle present condition. 

6 . 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. 

7. 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. 

8. 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 nonnal mode selected by either sening 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. 

9. Delay/Extension Timing Contrq/-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 INHmiT 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 I 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 defmed in 15.2.2. The output device 
shall have the following characteristics: 

5.2.27.1 RELAY 

1. Contacts Closed-Indicate detecti(!n output. 
2. Power Outage or OVercurrent Failure Condition­

Contacts closed indicate detection output. 
3. Output arcuit Isolation-The isolation between the 

output terminals and other terminals shall exceed: 

a. Resistance 1()6 ohms 
b. Breakdown 1000 V rms 

4: Contact Rating (resjstive load) 

a. 2 milliamperes through 1 ampere @ 18 to 28 
volts. 

b. 0.5 amp@ 120 VAC 
c. Maximum closed contact resistance-! ohm. 

5. Mounting-Plug-in with socket or direct solder 
mounting. 

6. Minimum Operations 
a. 10' with contacts at rated load 
b. 107 total mechanical 

7. Contacts shall be closed if the loop circuit is open. 

15.2.27.2 SOLID STATE (ISOLATED) 

1. Output Solid State Device-Conducting indicates 
detection output. 

2. Power Outage or Fuse Failure Condition-Output 
device is nonconductive, indicating a no detection 
output condition. 

3. OutpUI Circuit Isolation- The isolation between each 
output device terminal pair and aU other terminals 
shall exceed: 

a. Resistance 1 ()6 ohms 
b. Breakdown 1000 V rms 

4 . Outpuz 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 transition 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 
ci rcuit is open. 

NEMA Standard 8-20-1986. 

15.2.28 Electrical Connections Without 
Delav/Exteneion Tlmlnaa 

Detector units without Delay/Extension Timing shall 
have connector and connector pin tenninations :.lll defined 
in the following: 

''Reserved" connector pin terminations are ~elusively 
for assignment by this NEMA Sundards Publication of 
additional specific input ... )utput functions and/or reasons 
of interchangeability with units already in use not in cone 
forrnance to this standard. These connector pins shall not 
be internally connected, except as specifically defined by 
this NEMA Standards Publication~ 

15.2.28.1 StNGLE·CHANNEL, SHELF·MOUNTED 
DETECTOR 

Type.}. Relay Output-Shall mate with cable connec­
tor MS31 06A-l8-l S, or equivalent. 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 (continui-:y to relay 

common during detect) 
Pin G Reserved* 
Pin H Chassis Ground 
Pin [ Reserved 
Pin I Reserved 

*May j)( connected to the normally closed-~ of the relay-for special 
function use only . During ncrmal opemtion, standard detector func­
tions, as defined in this standard, willoot require a conncctioo to this 
pin. Detector IIJiit harnesses v.ill noc oomally contain a v.ire coiiiiCW:d 
to pin G. (This note has been approve,i as Authorized Engineering 
lnformatioo.) 

Type 2. Solid State. Output (lsolated)- 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 rela~ 
output. (This sentence has been approved as Autboriz · 
ed Engineering lnfonnation) 

15.2.28.2 Two-CH~NEL, SHELF·MOUNTED 
DETECTORS 

Type 3. Relay Output, 2-Channel-Shall have two 
connectors each of which shall mate with cable connec · 
tor MS3106A-I8-lS, 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 sentence has been approved a~ 
Authorized Engineering Information.) 

Input-output connector pin terminations shall be a 1 

follows: 
Channel 1, Connector 

Pin A AC- (common) 
Pin B Relay Common, Ch 1 
Pin C AC+ (line side) 
Pin D Loop Input, Ch 1 
Pin E Loop Input, Ch 1 
Pin F Output Normally Open, Ch 1 (Continuity t-J 

relay common Ch 1 during detect) 
Pin G Reserved** 
Pin H - Chassis Ground 
Pin I 
Pin J 

Reserved 
Reserved 

Channel 2, Connector 
Pin A Reserved 
Pin B Relay Common, Ch 2 
Pin C Reserved* 



Pin D 
PinE 
Pin F 

PinG 
Pin H 
Pin I 
Pin J 

Loop Input, Ch 2 
Loop Input, Ch 2 
Output Normally Open, Ch 2 (continuity 
to relay common Ch 2 during detect) 
Reserved** 
Chassis Ground 
Reserved 
Reserved 

*Shall not be intc:mally connected. 

**May be connected to the normally closed output of the relay-for 
special function use only. During normal operation, standard decec­
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 to pia 0. (This note has been approved as Au1horized 
Enaineering Information.) 

Type 4. Solid-State Output (Isolated) 2-Channel­
Sball have two connectors, each of which shall mate with 
cable connector MS3106A,-l~lSW, or equivalent. Are­
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
rriinations shall be as follows: 
Channel 1 , Connector 

Pin A AC- (common) 
Pin B Output Ch I ('-) 
Pin C AC+ (line side) 
Pin D Loop Input, Ch I 
Pin E Loop Input, Ch l 
Pin F Output, Ch 1 ( +) 
PinG Spare 
Pin H Chassis Ground 
Pin I Reserved 
Pin 1 Reserved 

Channel 2, Connector 
Pin A Reserved 
Pin B Output, Ch 2 (-) 
Pin C Reserved* 
Pin D Loop Input, Ch 2 
Pin E Loop Input, Ch 2 
Pin F Output Ch 2 (+) 
PinG 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- TWO 
AND FOUR-CHANNEL 

Two and four-channel card racks shall mate with a 
44-terminal, double-row, 0.156-incb 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 l. Reserved 
Pin B + 24 VDC Supply 2. Reserved 
Pin C Reserved for 3. Spare 

Reset 
Pi.n D Loop Input, Ch 1 4. Redundant 

Loop Input, 
Ch 1 (optional) 

Pin E Loop Input, Ch 1 5. Redundant 
Loop Input, 
Cb 1 (optional) 

Pin F Output, eli 1 ( +) 6. Spare 
Pin H Output, Ch 1 (-) 7. Spare 
Pin J Loop Input, Cb 2 8. Redundant 

Loop Input, 
Ch 2 (optional) 

PinK 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) 

Pin R Loop Input, Ch 3 14. Redundant 
Loop Input, 
Ch 3 (optional) 

Pin S Output, Ch 3 ( +) 15. Spare 
PinT Output, Ch 3 (-) 16. Spare 
Pin U Loop Input, Ch 4 17. Redundant 

Loop Input, 
Ch 4 (optional) 

Pin V Loop Input, Ch 4 18. Redundant 
Loop Input, 
Ch 4 (optional) 

Pin W Output, Ch 2 ( +) 19. Spare 
Pin X Output, Ch 2 (-) 20. Spare 
Pin Y Output, Ch 4 ( +) 21. Spare 
Pin Z Output, Ch 4 (-) 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. 
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15.2.28.4 TYPE 9 RELAY OUTPUT 
FOUR CHANNEL MS CONNECTOR 

Shall mate with 19 pin cable connector MS 3106A-
2-l4S, or equivalent. 

Input-output connector pin· terminations shall be as 
follows: 

Pin A 
Pin 8 

Pin D 
Pin E 
Pin F 
PinG 
Pin H 
Pin J 
PinK 
Pin L 
Pin M 
Pin N 

Pin P 
Pin R 
PinS 

Pin T 
Pin U 

Pin V 

AC- (common) 
Relay Common, Ch 4 Pin C AC+ 
(line side) 
Loop Input, Ch l 
Loop Input, Ch 1 
Loop Input, Ch 2 
Loop Input, Ch · 2 
Chassis Ground 
Loop Input, Ch 3 
Loop Input, Ch 3 
Loop Input, Ch 4 
Loop Input, Ch · 4 
Output Normally Open, Ch l (continuity 
to relay common Ch 1 during detect) 
Relay Conunon, Ch ~ 

Relay Common, Ch 2 
Output Nonna11y Open, Ch 2 (continuity 
to relay common Ch 2. during deto!Ct) 
Relay Common, Ch 3 
Output Normally Open, Ch 3 (continuity 
to relay common Cb 3 during det~) 
Output Normally Open, Ch 4 (continuity 
to relay common Ch 4 during det~t) 

NEMA Standard 8-20-1986. 

15.2.29 Electrical Connections With 
Delay/Extension Timings 

Detector units with Delay/Extension Timing shall have 
colinecwr and connector pin terminations as defined as 
follows: 

' 'Reserved' ' connector pin terminations are exclusively 
for assignment by this NEMA Standards Publi~ation 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 thh NEMA 
Standards Publication. 

15.2.21.1 SINGLE·CHANNEL, SHELF-MOUNTED 

DETECTOR 

Type JT Relay Output- Shall mate with cable connec­
tor MS3106A-18-1S, or equivalent. When this unit is used 
to replace a Type 1 unit of the same keying, t.'le delay/ 
extension timing shall be set to zero. 

Failure to set the delaytexteru;ion timing to z:ro when 
replacing a detector unit without celay/extension opera­
tion may initiate delay operation which will cailse 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 
Pin B 
Pin 'C 
Pin D 
PinE 
Pin F 

PinG 
Pin H 
Pin I 
Pin J 

AC- (common) 
Relay Common 
AC + (line side) 
Loop input 
Loop Input 
Output NorrnaUy Open (continuity to 
relay common during detect) 
Reserved* 
Chassis Ground 
Reserved 

. Del~y/Extension Inhibit Input (AC) 

*May be connected to lhe oonnally closed oulpUt of tbe relay-for apecil1 
function use only. During normal operation standard detection func­
tions as defined in this standard will not require a connection to this 
pin. l>deet« unil .........,_ will not nonnally contain a wile CCliiDCC:tCd 
to pin 0 . (This note has been approved as Authorized EnJjneerina 
Information.) 

Type 2T Solid-State Output (iso/ated)-Shall mate with 
cable connector MS3106A-18-ISW, 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 
Pin B 
Pin C 
PinD 
Pin E 
Pin F 
PinG 
Pin H 
Pin I 
Pin J 

AC- (common) 
Output(-) 
AC+ (line side) 
Loop Input 
Loop Input 
Output(+) 
Spare 
Chassis Ground 
+ 24 VDC Supply Input 
Delay /Extension Enable Input (DC) 

15.2.29.2 TW~CHANNEL, SHELF­
MOUNTED DETECTORS 

Type 3T Relay Output, 2-0rannel-Shall have two 
connectors each of which shall mate with cable connec­
tor MS3106A, l8-1S, 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 shan be set to zero. Failure to set the delay/exten­
sion timing to zero when replacing a detector unit with· 
out delay/extension operation may initiate delay 



operation which will cause improper intersection opera­
tion. A relay output unit is not electrically or physically 
interchangeable with a solid-state output unit due ro the 
rotation of the connector insert. (Last two sentences have 
been approved as Authorized Engineering Information.) 

Input-output connector pin terminations shall be as 
follows: 
Channel 1 , Connector 

Pin A 
Pin B 
Pin C 
Pin D 
Pin B 
Pin F 

PinG 
Pin H 
Pin I 
Pin J 

AC- (common) 
Relay Common, Ch 1 
AC+ (line side) 
Loop input, Ch 1 
Loop Input, Ch l 
Output Normally Open Ch l (continuity 
to relay common Ch 1 during detect) 
Reserved*"' 
Chassis Ground 
Reserved 
Delay/Extension Inhlbit Input (AC), Ch I 

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 Nonnally Open Ch 2 (continuity 

to relay conunon Ch 2 during detect) 
Pin G Reserved•• 
Pin H Chassis Ground 
Pin I ReseTVed 
Pin J Delay/Extension Inhibit Input (AC), Ch 2 

*Shall not be internally connected. 
I< *M"y be connecced to the normally closed output of the reloy-for 

•pecial function ll~ only. During nonnal operation. standllrd detec, 

tor functions, as defined in Ibis standard, will not req~ire a colllleC­
tion to this pin. Deteaor unit llamess will not normally contain a 
wire cDnnected to pinG. (This note has been approved as Autilor­
ized Engineering Information.) 

Type 4T Solid-State Output (lsolaJed) 2-channel­
Shall have two corutectors, each· 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-()Utput connector pin terminations shall be ·as 
follows: 

Channel l , Connector 
Pin A AC- (common) 
Pin B Output, Ch 1 (-) 

AC+ (line side) 
Loop Input, Ch 1 
Loop Input, Ch l 
Output, Ch I ( +) 
Spare 
Chassis Ground 
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Pin C 
Pin D 
Pin E 
Pin F 
PinG 
Pin H 
Pin I 
Pin J 

+ 24 VDC Supply Input 
Delay/Extension Enable Input (DC), Ch 1 

Channel 2, Connector 
Pin A Reserved 
Pin B Output, Ch 2 (-) 

Reserved* 
Loop Input, Ch 2 
Loop Input, Ch 2 
Output, Ch 2 (+) 
Spare 
Chassis Ground 
Reserved 

Pin C 
Pin D 
PinE 
Pin F 
Pin 0 
Pin H 
Pin I 
Pin J Delay/Extension Enable Input (DC), Cb 2 

ilo Shall not' be internally coMected. 

15.2.29.3 CARD RACK-TWO AND FOUR CHANNEL 

Type 7f and 8T -Shall mate with a 44 terminal, 
double-row, 0.15§-inch contact spacing, Cinch Jones card 
edge connector 5044A-30M, or equivalent. Input-output 
connector pin terminations shall be as follows: 

Pin A Logic Ground 1. Delay/Exten-

Pin B 

Pin C 

Pin D 

Pin E 

Pin F 
PinH 
Pin J 

PinK 

Pin L 
PinM 

+24 VDC 
Supply 

Reserved for 
Reset 
Loop Input, Ch 1 

Loop Input, Ch 1 

Output, Ch I ( +) 
Output, Ch 1 (-) 
Loop Input, Ch 2 

Loop Input, Ch 2 

Chassis Ground 
Reserved 

sion Enable In­
put (DC), Ch 1 

2. DelayiEllten­
sion Enable In­
put (DC), Ch 2 

3. Spare 

4. Redundant 
Loop Input, 
Ch I (optional) 

5. Redundant 
Loop Input, 

. Ch 1 (optional) 
6. Spare 
7 . Spare 
8. Redundant 

Loop Input, 
Ch 2 (optional) 

9. Redundant 
Loop Input, 
Ch 2 (optional) 

10. Spare 
11. Reserved 
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Pin N Reserved 
Pin P Loop Input, Ch 3 

Pin R Loop Input, Ch 3 

Pin S Output, Ch 3 ( +) 
PinT Output, Ch 3 (- ) 
Pin U Loop Input, Ch 4 

PinY Loop Input, Ch 4 

12. Reserved 
13. Redundant 

Loop Input, 
Ch 3 (op-jonal) 

14. Redundant 
Loop Input, 
Ch 3 (op:ional) 

15. Spare 
16. Spare 
17. Redul)dant 

Loop Input, 
Ch 4 (optional) 

1 8. Redundant 
Loop Input, 
Ch 4 (optional) 

PinW Output, Ch 2 ( +) 19. Spare 
Pin X Output, Ch 2 (-) 20. Spare 
PinY Output, Ch 4 ( +) 21. Spare 
Pin Z Output, Ch 4 (-) 22. Spare 

Polarization keys shall be located at three positions: 

1. Between B/2 and C/3 
2. Between Mill and N/ 12 
3 . Between E/5 and F/6 

Two channel units shall have no connection to pins P, 
R, S , T, U, Y, 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 selecting 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 Procedures, p. 2) 

Dimensions 

Where dimensions are given for interchangeability purposes, alternate dimensions satisfying the other provisions of 
the Standards Publication may be capable of otherwise equivalent performance. 

(StandardizatiQn Policies and Procedures, p. 8) 

Categories of Standards 

National Electrical Manufacturers Association Standards are of two classes: 

I. 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. S!Jggested 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 

~n Official Standards Proposal is an official draft of a proposed standard which is formally recommended to an 
ou~ide organization(s) for consideration, comment, and/or approval, and which has been approved by at least 90 per­
ce~t of the members of the Subdivision eligible to vote thereon. 

I (Standardization Policies and Procedures, pp. 7 & 16) 

Identification Of Status 

Standards in NEMA Standards Publications are identified in 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 material identified as "Authorized Engineering Information" and " Official Standards Proposal" i& designated 
similarly. 

s.p.embcr 11. 1989 



TRAFFIC CONTROL SYSTEMS SECTION 
OF THE 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 
MEMBER COMPANIES 

Automatic Signal Division 
A Mark IV Company 

Decatur, GA 30032 

Computer .service Company 
Fullerton, CA 92631 

Detector Systems, Inc. 
Stanton, CA 906BO 

Eagle Signal Contnls ·Division 
A Mark IV Company 

Austin, TX 78753 

Eberle Design, Inc. 
Phoenix, AZ 8.5040 

Econolite Control Products, Inc. 
Anaheim, CA 92806 

Indicator Controls Corporation 
Rancho Doming~:ez, CA 90221 

Kentron, Inc. 
Houston, TX 77219-3221 

Mercury Flectronics 
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, W A 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 


