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INTRODUCTION
1 Scope

1.1 These requirements cover discrete electrical control units, communication units, transport products
which manipulate the data packets, interfaces, and accessories for mass notification systems to be
employed in accordance with the National Fire Alarm and Signaling Code, NFPA 72.

1.2 The products covered by this standard are intended to be used in combination with other appliances
and devices to form an emergency communication and/or mass notification system. These products are

intended to commun|cate crltlcal |nformat|on within bU|Id|ngs and/or outdoor areas about emergencies

including but
situations th
voice and vig
with the pro
mass notificg

1.3 These

in the perfornance of their duties if that communication equipment is used)to interface with

ECS/MNS.

1.4 Audiblg

Fire Alarm and Signaling Systems, Including Accessories, UL'464, and the Standard for Spg

Alarm and S
assessed to

Visible Signaling Devices for Fire Alarm and Signaling Systems, Including Accessories,

applicable. T

1.5 Produc
comply with
standard.

1.6 Non-fir¢ emergency manualtactuating stations shall comply with the requirements of thq

General Pury
2 Compon

2.1 Except
requirements

may endanger the safety of the occupants of an area or faC|I|ty Communlcat

ents

ual instructions, as well as alert and evacuation signals. An installation docume
juct describes the various products needed to form an emergency _commun
tion system and their intended use and installation.

equirements address emergency service personnel communication system in

notification appliances are to be assessed to the Standard for Audible Signalin

gnaling Systems, Including Accessories, UL%1480. Visible notification applian
the Standard for Signaling Devices for the Hearing Impaired, UL 1971, or the

bxtual visible appliances are to be asseSsed to the UL 1638.

s incorporating fire and/or secdrity signaling functions or other life safety §
the UL standards applicablelto their intended function and application in ag

ose Signaling Devices and Systems, UL 2017.

as indicated in 2.2, a component of a product covered by this standard shall cg
forrthat component. See Appendix A for a list of standards covering componen
ered by this standard

fire, and other
on is through
ht(s) provided
cation and/or

erfaces used
or control the

g Devices for
akers for Fire
ces are to be
Standard for
UL 1638, as

bystems shall
idition to this

b Standard for

mply with the
ts used in the

products cov

2.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

2.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.
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3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

5 Glossary

5.1 For the purpose of this standard, the following definitions apply.

5.2 ACKNOWLEDGE - Action taken to confirm that a message or signal has been’received, such as
pressing a bufton.

5.3 ADVERBE CONDITION — Any condition occurring in a circuit or communication path that interferes
with the proper signaling or interpretation of status-change signals ér both. Conditions include radio
frequency intérference.

5.4 AIR-HANDLING SPACE - Space not specifically fabricated for environmental air-handljng purposes
but used for gir handling purposes as a plenum. (The space above a hung ceiling used for environmental
air-handling i$ an example.)

5.5 ALARM|SIGNAL - A signal indicating an emergéncy condition requiring immediate actio

>

5.6 ALERT [TONE - An attention-getting signal to alert occupants of the pending transmission of a voice
message.

5.7 ANCILLARY FUNCTION/DEVICE)~ Non-emergency and/or non-fire devices for functlons such as
general paging, background musie, or other non-emergency signals.

5.8 ANECHPIC CHAMBER = a room characterized by an unusually low degree of reverberation,
simulating a ffee-field condition which is free from both internal and external acoustical interfefence.

5.9 ANNUNCIATOR.# A unit containing one or more indicator lamps, alphanumeric displpys, or other
equivalent means ‘in which each indication provides status information about a circuit, lcondition, or
location.

5.10 AUTONOMOUS CONTROL UNIT (ACU) — The primary local control unit for an in-building mass
notification system, which monitors and controls notification appliances for a protected premise or building.

5.11 BUILDING - Any structure used or intended for supporting or sheltering any use or occupancy. The
term building is to be understood as if followed by the words or portions thereof'). Also, a building can be
further delineated as a subdivision of a structure:

a) Separate means of egress for the occupant load, but a minimum of two exits, and

b) Separated from all other building divisions by a minimum 2-hour rated fire protection
construction system.
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1

1) The first two sentences of 5.11 originated from 3.3.32 and A.3.3.32 of the Life Safety Code® NFPA 101® - 2009, © 2009 NFPA; the
remaining material is not that of the NFPA. Life Safety Code® & NFPA 101® are registered trademarks of the National Fire Protection

Association, Qui

ncy, MA.

5.12 CHANNEL - A path for voice or signal transmission utilizing modulation of light or alternating
current within a frequency band.

5.13 CIRCUIT CLASSIFICATIONS:

a) High-Voltage Circuit — A circuit involving a potential of not more than 600 volts nominal and
having characteristics in excess of those of a low-voltage circuit.

b) Lo
(AC)

c) Po
and T|

5.14 COME
whole or in
security, non

5.15 COMN
data connec
Communicat

property. Example — Ethernet data connection from a building on a campus and a manag

facility that m

5.16 CONT|
including any
property own

5.17 CONT
ACU, or EC(

5.18 DIRE(
transmitted s

5.19 DISPL

AW Yo +k A H H Jasi 4 e | £ 4 Llo 20 [ L&
V'VUILCIHC wIToUItt = A UITUUTL IIIVUIVIIIH a pUlCIILIaI UT TIUU TTIUTT U'idall U VUILS dllTl

ms, 42.4 volts direct current (DC) or peak.

wer-Limited/Class 2/3 Circuit — A circuit wherein the power is limited as specified
pble 52.2.

INATION SYSTEM — An emergency alarm system whose components migh

ating current

in Table 52.1

t be used, in

part, in common with a non-emergency alarm signaling ‘system such as sinoke control,

critical process monitoring, paging, or building automation:

NIUNICATION LINK (CL) — Supervised physical media.or wireless methodology f
lion and control circuits between a life safety -system within a building and

ons Control Unit and/or other control/annunciation systems on contiguous or ng
onitors and controls the building system.

IGUOUS PROPERTY - A single\owner or single user on a continuous pl

ed or used by others, or body,of water not under the same ownership.

ROL LOCATIONS — Consists of an authorized personnel operator interface su
U that can obtain cohtrol of an audio network and the respective notification zon

CTIVITY — is, the)response (audibility) of a transducer as a function of the di
ound waves:ina specified plane and at a specified frequency.

AY —The visual representation of output data or status information, other than p

or providing a
B Emergency
n-contiguous
ement/safety

bt of ground,

buildings thereon, that is not separated by a public thoroughfare, transportation right-of-way,

ch as a LOC,
es.

rection of the

rinted copy.

5.20 DISTI

ICTIVVE _SIGNALS Qignnle obtained from different enllnding s\rr_\rr_\linnr‘ne (

uch as bells,

horns, sirens, and buzzers) or from a single appliance (such as an electronic horn) where a continuous
signal is obtained under one condition and a pulsing signal under another.

5.21

to targeted individuals that may not be in a contiguous area.

DISTRIBUTED RECIPIENT MASS NOTIFICATION SYSTEM — A system intended to communicate

5.22 DISTRIBUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HOSTED — A system hosted by a
service provider intended to communicate to targeted individuals that may not be in a contiguous area.

5.23 DISTRIBUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HYBRID — A system that can be a

combination

of both hosted and premise based.
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5.24 DISTRIBUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HYBRID-HOSTED — A system
that can be a combination of both hosted and premise based. A system hosted by a service provider, with
on-premise components connecting to local notification distribution capabilities and MNS components,
such as fire alarms, digital displays, unified communication systems, etc. The on premise components of
this system must comply with this standard.

5.25 DISTRIBUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HYBRID-PREMISE-BASED — A
system hosted within a customer’s internal network, connecting to hosted notification distribution
capabilities, such as text messaging, voice telephony, email, etc. The on premise components of this
system must comply with this standard.

5.26 DIST

BUTED RECIPIENT MASS NOTIFICATION SYSTEMS — PREMISED-BASE

— A system

hosted within
may not be in

5.27 DUAL

phones for signal detection across analog lines.

5.28 ECS/M
information tq
may consist
indicators sug

529 EMER
communicatid
mass notifica

5.30 EMER
operation, fag
event — terro
updates, gen

5.31 EMER
intended to in
fire or other d

5.32 EMER
component th

a customer’s internal network intended to communicate to targeted individuals
a contiguous area.

[TONE MULTI FREQUENCY (DTMF) — Where specific tones are/assigned t

NS — A configuration of components and interfaces  that are used to
occupants in a building, area site, or other space about‘emergency conditig
of equipment that can reproduce live and recorded/voice messages, tone
h as strobe lights and visual displays.

GENCY COMMUNICATIONS CONTOL UNIT" (ECCU) — A system wit
ns and control used in conjunction with on€,or more ACUs, local wide area,
ion system applications.

GENCY CONDITION — A sudden._and/or unusual event that may impart harn
ility or similar entity that requiressimmediate action or response. Examples of a
ism, fire, security breach, inclement weather. Examples of a non-emergency ¢
bral paging, music.

GENCY CONTROL FUNCTION - Building, fire, and emergency control funct

hngerous products.

GENCY,-CONTROL FUNCTION INTERFACE DEVICE — A fire alarm or sign
at directly interfaces with the system that operates the emergency control functi

GENCY CONTROL UNIT — A device that is used in the transmission of digital o

5 that may or

b touch tone

communicate
ns. Systems

5 and visual

n ECS/MNS
or wide area

h to a being,
n emergency
vent — sales

ons that are

crease the level of\life safety for occupants or to control the spread of the harmful effects of

aling system
bN.

5.33 EMER

[ analog data

from the ACU, ECCU, and/or LOC to other building-systems control units, equipment, or networks, and/or
from other building system control units to the emergency system.

5.34 EMERGENCY VOICE/ALARM COMMUNICATIONS - Dedicated manual or automatic facilities for
originating and distributing voice instructions, as well as evacuation signals pertaining to an emergency, to
the occupants of a building.

5.35 END-OF-LINE DEVICE - A device installed at the end of a circuit for the purpose of monitoring the
circuit for fault conditions.

5.36 EVACUATION — The withdrawal of occupants from a building.

5.37 EVACUATION SIGNAL - Distinctive signal intended to be recognized by the occupants as requiring
evacuation of the building.
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5.38 EXTERNAL CIRCUITS — Circuits or wiring leaving the product.

5.39 FAULT — An open, ground, or short-circuit condition on any line extending from a product.

540 FIELD WIRING - Conductors connecting the product to source(s) of supply, d
products, and loads.

5.41
electrically to the wiring system.

evices, other

FIXED EQUIPMENT — Any equipment product that is intended to be permanently connected

5.42 GATEWAY — A device that is used in the transmission of digital or analog data from the emergency

control unit
system contr

+lo ol als 4+ 4 l H'Y H 4 4 L alL £
ULNCI UUIIUIIIH DyOLUIIIO CUITTUUT Ut CTYUUITPTTITTIL,  UT TITWUITRS,  AalTu7uTm 1TTUTT1

pl units to the emergency system.

5.43 GROU
condition.

ND FAULT — A circuit impedance to ground sufficient to result in the annunciatiq

5.44 GROL
of a wiring sy

NDED CONDUCTOR - A conductor employed to connect the intentionally grd
stem to a grounding electrode.

5.45 GROL
equipment, r
earth ground

NDING CONDUCTOR - A conductor employed to~connect non-current-car
hceways, and enclosure to a grounding electrode atthe service which is, in turn,
or to some conducting body which serves in place.of earth ground.

5.46 HIGH
communicati

POWER SPEAKER ARRAY (HPSA) —Axproduct providing capability for va
bn to large outdoor areas.

5.47 IN-BUILDING MASS NOTIFICATION_SYSTEM — A system used to provide inf
instructions o occupants in a building or other space using voice communication, visible
other commynication methods.

5.48 INITIATING DEVICE — A manually or automatically operated device, the normal inten
of which results in signal indication from the product/system.

5.49 INITIATING DEVIGE.CIRCUIT — Circuit to which automatic or manual initiating
connected where the signal received does not identify the individual device operated. Exan
Biological ddtectors{ tornado alert, panic switch, dry relay contact from other emergency [
alarm contro| unit:

ther building

n of a trouble

unded circuit

ying parts of
connected to

ice and tone

brmation and
signaling and

Hed operation

devices are
hples include:
roduct or fire

5.50 INITIATING ZONE—A defined area withim the protected premises that contains-

Initiating Devices, for which a status indication can be received.

5.51 INSTALLATION LOCATIONS:

one or more

a) Damp — A location protected from sun, rain, and water, but may be subject to moisture. Such

locations may include basements, barns, cold-storage warehouses, greenho

uses, indoor

swimming facilities, and the like. They may also include partially protected locations under

canopies, marquees, roofed open porches, and the like.

b) Dry — A location with a controlled ambient that is not subject to dampness or wetness.

c) Wet — A location subject to rain (or the spray of noncorrosive and nonflammable liquids) that may
become saturated with water or that is unprotected from the weather. Includes locations

underground, or in concrete slabs or masonry in direct contact with the earth.
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5.52 LIFE SAFETY NETWORK — A type of combination system that transmits life safety data through
gateways to other life safety systems.

5.53 LOCAL OPERATING CONSOLE (LOC) — An in-building mass notification system operating console
for authorized occupants to initiate messages and signaling in an emergency condition.

5.54 LONG-RANGE RADIO-FREQUENCY DEVICES - Any device that communicates between a
protected premises and a subsidiary station, supervising station, or another protected premises using a
private radio network.

5.55 MESSAGE(S) — Communicated data that contains specific information relating to the status of the
product and i

transmitted via a2 wired aorwireless nathwav from an ariain to a destination
~ J J N

5.56 NON-(

any buildings
owned by a p

5.57 NON-H
safety.

5.58 NON-V
memory; for €

5.59 NOTIF

ONTIGUOUS PROPERTY - A series of plots of land under the same owneérs
thereon that are separated by a public thoroughfare, transportation- right-of-y
arty or used by others.

MERGENCY FUNCTION — A function not associated with.property protectid
OLATILE MEMORY - A storage device not alterable-by the interruption of the
xample, ROM, FLASH, PROM, EPROM, and EEPROM.

ICATION APPLIANCE — A component that provides audible, tactile, or visible o

combination thereof.

5.60 NOTIH
appliance(s)?
chimes and o

3) The first sente

ICATION APPLIANCE CIRCUIT - A circuit or path directly connected to
. Examples include circuits that conanect to non-addressable speakers, strobe
ther indicating appliances.

hce of 5.60 originated from 3.3.114 of the 2007 edition of the National Fire Alarm Code®, NFPA 72G

NFPA,; the remaifing material is not that of the NFPA.

5.61 NOTIH
simultaneous

5.62 OPEN

5.63 OPER

ICATION ZONE,= An area covered by natification appliances that a
y.

FAULT <A circuit impedance increase sufficient to prevent normal operation.

ATOR INTERFACE — Also referred to as a User Interface. The man-machine d

hip including
vay, property

n and/or life

power to the

utputs or any

h notification
ights, horns,

- 2007, © 2007

re activated

splay and/or

control point of a system that provides information as to system status and may provide system input or
action capabilities so that the human operator may invoke commands and/or requests for information to
the system. Systems may have one or more Operator Interfaces. This interface may be, but are not limited
to a Graphical User Interface (GUI) such as a computer screen, a Liquid Crystal Display (LCD), Light
Emitting Diodes (LED) or other luminary indicators and/or audible indicators and/or tactile displays.

5.64 PATH (PATHWAY) — Any conductor, optic fiber, radio carrier, or other means for transmitting
information between two or more units and/or locations.

5.65 PORT — A physical interface on a product used for communications via a CL.
5.66 PORTABLE EQUIPMENT — A product that is easily carried or conveyed by hand. When intended to

be connected to a high-voltage circuit, the product is provided with a power supply cord for connection to
the supply circuit.
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5.67 POWER SUPPLY — A source of electrical operating power including the circuits and terminations
connecting it to the dependent product/system components.

5.68 PRERECORDED MESSAGE DEVICE — An automatically- or manually-actuated device intended to
translate a pre-recorded message stored on a tape or other medium into an electronic signal that when
amplified and introduced into speakers produces vocal or tonal information.

5.69 PRIMARY BATTERY - Any battery which by design or construction is not intended to be recharged.

5.70 PROTECTED PREMISES — The physical location protected by a fire alarm system*.

4 5.70 originatefd from 3.3.142 of the 2007 edition of the National Fire Alarm Code®, NFPA 72® - 2007, © 2007 NFP]

571 QOS
a shared net

- Quality of Service refers to the ability to prioritize data of one particular type over another on

vork.

5.72 REPH
device and th

ATER — Equipment used to relay signals between a remote unit, initiating de
e receiving unit.

ice or similar

5.73 RESHT — A control function that attempts to return a system‘er device to its normal ngn-emergency
state.
5.74 RISK DF ELECTRIC SHOCK — A risk of electric shoek-is determined to exist at any pat if:
a) The potential between the part and earth ground or any other accessible part is more than 42.4
V pedk, and
b) THe continuous current flow through' a 1500 ohm resistor connected across |the potential
excegds 0.5 mA.
5.75 RISK DF FIRE — A risk of fire i§ considered to exist at any two points in a circuit where

a) Th

any o

b open circuit voltageis more than 42.4 V peak and the energy available to thg
ondition of load-including short circuit, results in a current of 8 A or more aftg

circuit under
r 1 minute of

operdgtion; or

b) A gower of-more than 15 watts can be delivered into an external resistor connected between the
two ppints,
5.76 SECQONDARY POWER SOURCE — Provides power when the primary power source fails.

577 SHORT MESSAGE SERVICE (SMS) A communication service using standardized
communications protocols allowing the interchange of short text messages to and between mobile
telephone devices. A SMS message can handle up to 160 characters including spaces.

5.78 SIGNALING-LINE CIRCUIT (SLC) — A physical media circuit path between any combination of
addressable appliances or devices, circuit interfaces, control units, or transmitters over which multiple
input signals output signals or both are carried. Examples — Addressable input/output device circuits,
circuits to data devices such as printers.

5.79 SOFTWARE - Programs, instructions, procedures, data, and the like that are executed by a central
processing unit of a product and which influences the functional performance of that product. Composed
of executive software and site-specific programming.:
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a) Executive Software — Control and supervisory program which manages the execution of all other
programs and directly or indirectly causes the required functions of the product to be performed.

b) Site-Specific Programming — Program that is separate from, but controlled by, the executive
software which allows inputs, outputs, and system configuration to be selectively defined to meet
the needs of a specific installation.

5.80 STATIONARY EQUIPMENT — Any product that is intended to be fastened in place or located in a
dedicated space, and is provided with a power-supply cord for connection to the supply circuit.

5.81

STIPA TEST SIGNAL — A special audio signal that consists of signals in seven octave bands and

which each octave band is modulated using two separate modulation frequencies that is played over the

emergency communications system being tested. STIPA is standardized in IEC 60268.

5.82 STOR

5.83 SUPE
directly moni
maintained b

5.84 SUPE
enclosure do

5.85 SUPP

5.86 SUPP
controlling a

5.87 SUPP
be connecte

GE BATTERY — Any battery which, by design or construction, is intendeéd to be
VISING STATION — The operator interface system to which alafm)and troubl

red or are received from remote monitoring units. Intended o be constantly
competent and experienced personnel.

VISORY SIGNAL — A signal indicating the need forlaction in connection wit
rs, tamper signals, or maintenance features of related systems.

EMENTARY - Refers to equipment or operations not required by this standard.

EMENTARY CIRCUIT OR PATHWAY = A circuit or pathway provided by 3
evice, the operation of which is supplementary to the requirements of this stand

EMENTARY DEVICE — A device that has not been investigated to this standar
to a supplementary device cireuit.

recharged.

e signals are
httended and

h opening of

product for
ard.

d intended to

5.88 TONE|GENERATOR - A device“intended to generate an electronic signal that, when amplified and

introduced info speakers, produces-a non-prerecorded, non-vocal, audible signal.

5.89 TRAN$PONDER — A multiplex alarm transmission system functional assembly located
the supervising station.

5.90 TROUBLE SIGNAL - A visual or audible signal indicating a fault condition of any natu
circuit break |orsground or other trouble condition occurring in the device or wiring asso

remote from

re, such as a
tiated with a

protective sighaling system

5.91 USER - An individual who operates or services the product.

5.92 WIDE AREA MASS NOTIFICATION SYSTEM — A system which provides real time information to
areas, including outdoor, in a contiguous or non-contiguous campus, region or global geographical setting.

5.93 WIRE-TO-WIRE FAULT — A wire-to-wire (short circuit) fault is determined to be a resistance of 0.1
ohm or less across the circuit.

5.94 ZONE - A defined area within the protected premises. A zone defines an area from which a status
indication can be received or an area in which a form of control can be executed.
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CONSTRUCTION

6 General

6.1

particular use, as indicated by the performance requirements of this standard.

A product shall use materials that have been determined to comply with the requirements for the

6.2 Metals, when required to meet the requirements of this standard, shall not be used in such
combination as to cause galvanic action that will increase the risk of fire, electric shock, injury to persons,
or impair the operation of a product associated with the safety of life and/or property protection.

6.3 Where
result in a ris
conditions.

6.4 The red
involve a risk

6.5 Electrig
be installed i
Test for He

]
Handling Sp

6.5.1 Enclo
requirements

Fastened with Adhesive, Section 67.

6.6 Produc
the following
13.6, 15.4, 2{

L ot H 4 £ oy la l £, <l
'CdiRaytt Ul UTITTIUTativimT Ul a part sullt dos daitm TTILiuoutrT, a 'iraiiic, a yudirud,

k of injury to persons, the part shall be constructed to meet the demand or-exp

uirement in 6.3 applies also to those positions of a part adjacent to.a'moving pa
of injury to persons.

al equipment with nonmetallic enclosures and other non-metallic discrete object
h air-handling spaces shall additionally comply with the requirements in the Sta
and Visible Smoke Release for Discrete Products-and Their Accessories In
ces, UL 2043.

sure parts fastened with adhesive meeting©10.6 — 10.9 shall comply
in Mechanical Strength Tests for Metal‘Enclosures and Guards and En

sections with respect to the construction requirements: 7.1, 10.5, 12.1, 12.2

r the like can
ected loading

rt identified to

S, intended to
ndard for Fire
stalled in Air-

vith the test
Closure Parts

s that currently meet the requirements of UL 60950-1 or UL 60065 need only bg evaluated to

13.1 — 13.3,

), 24.1, 26.3, and 28.

7 Enclosu

7.1 Geners

711 Allel
prevent cont

7.2 Metalli

Ictrical parts of a product shall be enclosed to provide protection of internal cor

es

ct with(uninsulated live parts.

c.material

nponents and

7.2.1

An enclosure of metal shall have a minimum thickness as specified in Table 7.1, Table 7.2, or Table

7.3, or shall comply with the test requirements in Mechanical Strength Tests for Metal Enclosures and
Guards, Section 67.
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Table 7.1
Cast-metal electrical enclosures

Minimum thickness
Use, or dimensions of area involved?® Die-cast metal, Cast metal other than die-cast,
inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less and having 1/16 (1.6) 1/8 (3.2)
no dimension greater than 6 inches (152 mm)
Area greater than 24 square inches (155 cm?) or having 3/32 (2.4) 1/8 (3.2)
any dimension greater than 6 inches (152 mm)
At a threaded conduit hole 1/4 (6.4) 1/4 (6.4)
At an unthreadgd conduit hole 1/8 (3.2) 1/8 | (3.2)
@ The area limitgation for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs subdividihg a larger
area.
Table 7.2
Minimum thickness of sheet metal for electrical enclosures of carbon or stainless steel
Without supporting frame ® With supporting frame or equivalent Minimum thickpess
reinforcing?
Maximum width,” | Maximum length,® | Maximum width,® | Maximum length, Uncoated, M.ftal coated,
inches (mm) inches (mm)
inches (cm) inches (cm) inches (cm) inches (cm) [MSG] [GSG]
4.0 (1012) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.0p3 (0.58)
4.75 1241) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) [24] [24]
6.0 (1512) Not limited 9.5 (241D Not limited 0.026 (0.66) 0.0R9 (0.74)
7.0 (1718) 8.75 (22.2) 10.0 (25.4) 12,5 (31.8) [22] [22]
8.0 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.0p4 (0.86)
9.0 (2249) 11.5 (29.2) 13,0 (33.0) 16.0 (40.6) [20] [20]
12.5 (31f8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (356) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) [18] [18]
18.0 (497) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.0p6 (1.42)
20.0 (508) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) [16] [16]
22.0 (5519) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (635) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) [15] [15]
25.0 (635) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.0[70 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) [14] [14]
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) [13] [13]
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) [12] [12]
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) [11] [11]
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) [10] [10]

Table 7.2 Continued on Next Page
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Table 7.2 Continued

Without supporting frame ?

With supporting frame or equivalent
reinforcing®

Minimum thickness

Maximum width,?

inches (cm)

Maximum length,®

inches (cm)

Maximum width,?

inches (cm)

Maximum length,

inches (cm)

Uncoated,
inches (mm)
[MSG]

Metal coated,
inches
[GSG]

(mm)

& A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure that is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

3) An enclo
® The width is t

1) A single sheet with single formed flanges (formed edges),

2) A single sheet which is corrugated or ribbed, and

re surface loosely attached to a frame, for example, with spring clips.

e smaller dimension of a rectangular sheet metal piece which is part of an enclosure? Adjacent surfgces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels wHich are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be

limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
Table 7.3
Minimum thickness of sheet metal for electrical enclosures of aluminum, copper, pr brass

Without supporting frame® With supportir_lg frar_ne gr equivalent
reinforcing Minim{im thickness,
Maximum width,’ Maximum length,® Maximum width,? Maximum length,
inches (cm) inches (cm) inches (cm) inches (cm) inche (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited
35 (8.9) 4.0 (10.2) 85 (21.6) 9.5 (24.1) 0.023, (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) 0.029 (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) 0.036) (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) 0.045 (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not limited
14.0 (356) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0.058, (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) 0.075 (1.91)
25.0 (63.5) Not limited 60.0 (152.4) Not limited
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) 0.095 (2.41)
37.0 (94.0) Not limited 87.0 (221.0) Not limited
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) 0.122 (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) 0.153 (3.89)
@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending

Table 7.3 Continued on Next Page
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Table 7.3 Continued

Without supporting frame®

With supporting frame or equivalent

. . a
reinforcing Minimu

inches

Maximum width,?

Maximum length,° Maximum width,” Maximum length,

(cm) inches (cm) inches (cm) inches (cm) inches

m thickness,

(mm)

moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

1) A single sheet with single formed flanges (formed edges),

2) A single sheet which is corrugated or ribbed, and

3) An enclos|

b The width is tH
enclosure may

¢ For panels wh
be limited to the

Lire surface loosely attached to a frame, for example, with spring clips.

e smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfg
have supports in common and be made of a single sheet.

ch are not supported along one side, for example, side panels of boxes, the length of thejunsupport
dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mn

ces of an

bd side shall
) wide.

7.2.2 Wherd
wall, or wherg
nor more tha
can be attach

7.2.3 Wherg
enclosure w3
rounded inlet
provided by al

7.2.4 Atany
be of such thi
of an uncoate

threads for the connection of conduit are tapped all the way through a hole in
a construction that is determined to be equivalent is used;:ithere shall not be le

ed.

threads for the connection of conduit are tapped only part of the way through

I, there shall not be less than five full threads in the metal, and there shall
hole for the conductors which shall afford:protection to the conductors equi
standard conduit bushing.

point where conduit or metal-clad cable is to be attached to the enclosure, she
ckness or shall be so formed or'reinforced that it will have stiffness at least equi
d flat sheet of steel having-aiminimum thickness of 0.032 inch (0.81 mm).

7.3 Polymefric materials

7.3.1 Polym
for Polymeric
requirements

7.3.2 Polym
outside of a

eric materials ysed as an enclosure shall comply with the applicable portion of

specifieddn-this standard.

eric_material that is not used as an enclosure, but that is attached to or exyp
reduct such as a viewing window, shall have flammability characteristics as sh

Aan enclosure
5s than 3-1/2

h 5 threads in the metal, and the construction shall be/such that a standard conduit bushing

a hole in an
e a smooth,
alent to that

bt metal shall
valent to that

the Standard

Materials — Use in Electrical Equipment Evaluations, UL 746C, and also with the additional

osed on the
own in Table

7.4.

Table 7.4
Flammability characteristics of polymeric material

Polymeric material area/dimensions

Flammability rating

0.24 inches® (4

maximum length

Greater than 0.24 inches® (4 cm®) and less than 2 square feet
(0.19 m?), 6 feet (1.83 m) maximum length

cm?®) maximum and 2.4 inches (61 mm) None

HB, V-2, V-1, V-0, or 5V

Table 7.4 Continued on Next Page
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Table 7.4 Continued

Polymeric material area/dimensions Flammability rating

Greater than 2 square feet (0.19 m?) and less than 10 square
feet (0.93 m?), 6 feet (1.83 m) maximum length

V-1, V-0, or 5V

Greater than 10 square feet (0.93 m?), or longer than 6 feet
(1.83m)

Maximum flame spread rating of 200 as specifie
Standard for Test for Surface Burning Character
Building Materials, UL 723, or radiant panel as s

in Devices and Appliances, UL 94

Standard for Tests for Flammability of Plastic Materials for Parts

d in the
istics of
pecified in the

7.3.3 Conductive coatings applied to nonmetallic surfaces such as the inside surface of an enclosure,

shall comply|with the appropriate requirements in the Standard for Polymeric Materials — Us
Equipment Bvaluations, UL 746C, unless flaking or peeling of the coating cannot result in th
spacings or the bridging of live parts.

7.3.4 A polymeric enclosure intended for connection to a rigid metallic conduit-system sha
the requiremgnts for polymeric enclosure rigid metallic conduit connections in'the Standard f
for Electrical Equipment, Non-Environmental Considerations, UL 50.

7.3.5 The gontinuity of a conduit system shall be provided by metal-to-metal contact and
polymeric terial and shall comply with the requirements for)polymeric enclosure bq
Standard for[Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50

7.4 Cover
741 Anern

or any other
or resetting,

closure cover shall be hinged, sliding,-pivoted or similarly attached to provide ad
over current-protective device, the inténded protective functioning of which req
br when it is necessary to open the cover in connection with the normal operatior

Exception: In
means of a

applies only
other indicat

lieu of providing a hinged,\sliding, or pivoted cover, supervision of the enclo
amper feature is suitable when its operation results in either a trouble or alart
when the cover provides access to overcurrent devices such as fuses or circy
brs that are not used-on a continuing basis.

7.4.2 Norm
silencing an
action in con

al operation_referenced in 7.4.1 is determined to be operation of a switch for
audible sighal appliance or operation of any other component of a unit which
hection'with its intended performance.

e in Electrical
e reduction of

| comply with
br Enclosures

not rely on a
nding in the

cess to fuses
uires renewal
of the unit.

Sure cover by
n signal. This
it breakers or

testing or for
requires such

7.4.3 A hingedcover is not required when the only fuse(s) enclosed is intended to provide

protection to

portions of internal circuits used on a separate printed-wiring board or circuit subassemb

ly, to prevent

circuit damage resulting from a fault. The use of such a fuse(s) is suitable when the following (or other
wording that has been determined to be equivalent) is indicated as a marking on the outside of the cover:

"Circuit Fuse(s) Inside — Disconnect Power Prior To Servicing."

7.4.4 Glass covering an observation opening shall be tempered and secured in place so that it cannot be

displaced and shall provide mechanical protection for the enclosed parts. The thickness of
shall not be less than that indicated in Table 7.5.

a glass cover
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Thickness of glass covers

Table 7.5

Maximum size of opening

Minimum thickness,

Length or width, Area,
inches (mm) inches? (cm?) inch (mm)
4 (102) 16 (103) 116 (1.6)
12 (305) 144 (929) 1/8 (3.2)
over 12 (over 305) over 144 (over 929) see note a

@1/8 inch (3.2 mm) or more, depending upon the size, shape, and mounting of the glass panel.

745 Aglag
any dimensio
3/16 inch (4.8
be an equival

746 A tran
introduce ari
subjected un

7.5 Battery

7.5.1
occupied by {
air for disper:
incorporated

7.5.2 The i
detrimental a

7.6 Enclosiire openings — General

7.6.1 Anen
of the wall sh
hollow space

Exception: Pr

h greater than 12 inches (305 mm), shall be supported by a continuous greove
mm) deep along all four edges of the panel, or other means that have been g
ent arrangement.

sparent material other than glass used for the cover of an“Observation open
5k of fire, distort, nor become less transparent at the temperature to which it is in
er either normal or abnormal service conditions. See 7¢3.2-

compartments

he batteries. Ventilating openings shall be‘provided and so located as to permit
sion of gas while the battery is being_eharged at the highest rate permitted b
n the control unit.

terior of a storage battery compartment shall be protected so that it will bg
Ction by the electrolyte.

Closure intended for recessed mounting and whose front panel is to be flush wit
all have no.gpenings that vent into concealed spaces of a building structure,
5 in the wall-when the product is mounted as intended.

pducts supplied solely from Class 2 or 3 sources and controlling only Class 2 or

s panel for an opening having an area of more than 144 square inches (929 cn||2), or having

not less than
etermined to

ing shall not
tended to be

A compartment for vented storage batteries shalbhave a total volume at least twicg¢ the volume

circulation of
y the means

resistant to

h the surface

such as into

3 loads.

7.6.2 The requirement in 7.6.1 does not apply to an opening for a mounting screw or nail or for a
manufacturing operation (such as paint drainage) when:

a) An opening for non-mounting purposes does not have a dimension greater than 17/64 inch (6.75
mm) or an area greater than 0.055 square inch (35.5 mm?) and

b) An opening for mounting does not have a dimension greater than 0.75 inches (19.05 mm) or an
area greater than 0.7 inches? (430 mm?) and there are no more holes than are needed to mount
the product.

7.7 Enclosure top openings

7.71

An opening directly over an uninsulated live part involving a risk of fire, electric shock, or electrical-

energy/high-current levels, shall not exceed 0.20 inch (5.0 mm) in any dimension unless the configuration


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024 UL 2572 23

is such that a vertically falling object cannot fall into the unit and contact an uninsulated live part. See
Figure 7.1 for examples of top-cover designs complying with the intent of the requirement.

Figure 7.1

Cross-sections of top-cover designs

—

SLANTED OPENINGS

LLL

ECS500 VERTICAL OPENINGS

7.8 Enclosure side openings

7.8.1  An opening in the side ‘of the enclosure shall:
a) Nof exceed 0.19inch (4.8 mm) in any dimension;

b) Be|providedwith louvers shaped to deflect an external falling object outward (see [Figure 7.2 for
examples of louver designs complying with the requirement); or

c) Be Tocated and sized so that objects which are present cannot drop into the unit and fall (with no
horizontal velocity) onto uninsulated live parts involving a risk of fire, electric shock, or electrical-
energy/high-current levels, or parts involving injury to persons (see Figure 7.3).
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Figure 7.2

Louvers

INSIDE OUTSIDE

EC510

I
OUTWARD PROJECTION

INSIDE OUTSIBE

INWARD, PROJECTION
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Figure 7.3

Example of enclosure side opening

S3162A

A — Enclosure side opening.

B — Vertical projection of the outer edges of the side opening.

C —Inclined lines that project at a 5-degree angle from the edges of the side opening to point located E distance from B.
D — Line which is projected straight downward in the same plane as the enclosure side wall.

E — Projection of the opening (not to be greater than L).

L — Maximum dimension of the enclosure side opening.

V — Volume in which bare parts at uninsulated live parts are not located.
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7.8.2 When a portion of a side panel falls within the area traced out by the 5-degree angle in Figure 7.4,
that portion of the side panel shall be investigated as a bottom enclosure in accordance with 7.9.1 — 7.9.3.
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Figure 7.4

Enclosure bottom

A — The entire tempenentunderwhich-an-enclosure—{Hat-ordished-with-or-witheutalip-orstherraised-edgel-of noncombustible
material is to be provided. The sketch is of an enclosed component with ventilation openings showing that the enclosure is required
only for those openings through which flaming parts are to be emitted. When the component or assembly does not have its own
noncombustible enclosure, the area to be protected is the entire area occupied by the component or assembly.

B — Projection of the outline of the area of A that requires a bottom enclosure vertically downward onto the horizontal plane of the
lowest point on the outer edge D of the enclosure.

C - Inclined line that traces out an area D on the horizontal plane of the enclosure. Moving around the perimeter of the area B that
requires a bottom enclosure, this line projects at a 5 degree angle from the line extending vertically at every point around the
perimeter of A and is oriented to trace out the largest area; except that the angle shall be less than 5 degrees when the enclosure
bottom contacts a vertical enclosure or side panel, or when the horizontal extension of the enclosure B to D exceeds 6 inches (152
mm).

D — Minimum outline of the enclosure, except that the extension B to D is not required to exceed 6 inches (152 mm), flat or dished
with or without a tip or other raised edge. The bottom shall either be flat or formed in any manner when every point of area D is at or
below the lowest point on the outer edge of the enclosure.
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7.9 Enclosure bottom openings

7.9.1 The bottom of an enclosure shall consist of a complete or partial bottom enclosure under a
component, groups of components, or assemblies, as shown in Figure 7.4, that complies with the
ventilation opening requirements in 7.9.2 and 7.9.3 unless a test demonstrates that the bottom enclosure
provided contains flames, glowing particles or similar burning debris when all combustible material in the
interior is ignited.

Exception: Openings without limitation on their size and number are permitted in areas that contain only
wires, cables, plugs, receptacles, and impedance- and thermally-protected motors.

7.9.2 Ventilgtion-openings—providec e-bottom of an-enclosure unc srialsthat 3 ot rated V-1
or less flammpble meet the intent of the requirements when the openings are constructed.sodhat materials
do not fall diectly from the interior of the unit. Other bottom-opening constructions that comply with the
intent of the requirements are those that incorporate a perforated metal plate as described in|Table 7.6, or
a galvanized lor stainless-steel screen having a 14 by 14 mesh per 1 inch (25.4.mm) constrcted of wire
with a minimym diameter of 1/64 inch (0.4 mm). Other constructions are to be usé€d only wher they comply

with the Ignitipn Test Through Bottom-Panel Openings, Section 63.

Table 7.6
Perforated metal plates
Minimum thickness, Maximum diameter of holes, Minimum spacing of holes cerjter-to-center,

inch (mm) inch (mm) inch (mm)
0.026 (0.66) 0.045 (14) 0.67 (1.70)

[233 holes per inch?] [36 holes per cm?]
0.026 (0.66) 0.047 (1.19) 0.093 (2.36)
0.032 (0.81) 0.075 (1.91) 0.125 (3.18)

[72 holes per inch?] [11 holes per cm?]
0.036 (0.91) 0.063 (1.60) 0.109 (2.77)
0.036 (0.91) 0.078 (1.98) 0.125 (3.18)

7.9.3 The bpttom of the ‘enclosure under areas containing only materials rated V-1 or legs flammable
shall have opgnings nodarger than 1/16 inch? (40 mm?).

8 Internal Materials

8.1 Polymeric materials used within an enclosure shall be evaluated in accordance with the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: Unrated resistors, capacitors, semiconductors, integrated circuit packages, optical isolators,
and similar electrical components meet the intent of the requirement when they are mounted on a material
with a minimum flammability rating of V-1.

8.2 All combustible material used within an enclosure shall be V-2, HF-2, or better.

Exception No. 1: Motors, relays, capacitors, semiconductors, transformers, switches, insulating tubing or
tape, and other electrical elements are exempt from the above requirement when they comply with the
flame test applicable to the component. Meter faces and cases (when determined capable for mounting
live parts) and indicator lamps or jewels, or both, are exempt from flammability requirements. The
following requirements apply to parts that are isolated either by at least 0.5 inch (12.5 mm) of air, or a solid
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barrier of V-1 or less-flammable material from uninsulated electrical parts that involve a risk from electrical
energy-high current levels:

a) Gears, cams, belts, bearings, strain-relief bushings applied over PVC-jacketed cords, and other
small parts that contribute negligible fuel to a fire are not required to be investigated, and

b) Tubing for air or fluid systems, and plastics, shall not be more flammable than HB. Foamed
plastics classed HBF in accordance with the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94, are determined as complying with this
requirement.

Exception No. 2: Combustible material used within an enclosure is not prohibited from being HB when the
power sourc§S 1o the enclosure meet the criteria for no risk of fire as aefined 1N 5.75. . |

9 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts,

9.1 To redu
coated wire,
dimension |4
illustrated in |

ce the risk of unintentional contact and electric shock from an urinsulated liv
and injury to persons from a moving part, an opening in an enclosure shall
ss than 1 inch (25.4 mm), and such a part or wire shall not’be contacted

Figure 9.1.

b part or film-
have a minor
by the probe
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Figure 9.1
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9.2 The probe illustrated in Figure 9.1 shall be applied to any depth that the opening will permit. The
probe shall be rotated or angled before, during, and after insertion through the opening to any position that
is required in order to examine the enclosure. The probe illustrated in Figure 9.1 shall be applied in any
possible configuration and, when necessary, the configuration shall be changed after insertion through the
opening.

9.3 The probe illustrated in Figure 9.1 shall be used as a measuring instrument to evaluate the
accessibility provided by an opening, and not as an instrument to evaluate the strength of a material. It
shall be applied with the minimum force required to determine accessibility.

9.4 During the examination of a product to determine whether it complies with the requirement in 9.1, a

part of the e

nclosure that is to be opened or removed by the operator without using a tool

(to attach an

accessory, tg
10 Mechan

10.1 All pa
such motion
shock, and/o

10.2 A swi
similar comp

Exception Nd

a) Th
A tog
opers

b) Th
c)Th

d) Th
perso

Exception N
lampholder {
which the lan

make an operating adjustment, or for other reasons) shall be opened or removs
ical Assembly

ts of a product shall be mounted in position and prevented from,loosening or

I injury to persons incident to the operation of the product.

ch, fuse holder, lampholder, attachment-plug receptactle, motor-attachment {
bnent shall be mounted securely and shall not turn,

. 1: When the turning of a switch is possible, allfour of the following conditions §

b switch shall be of a plunger, slide, or other type that does not tend to rotate wi
ple switch is determined to be subjectito forces that tend to turn the switch dy
tion of the switch;

e means for mounting the switchvmakes it unlikely that operation of the switch lod
b spacings are not reduced below the minimum required values when the switch

e intended operatian\of the switch is by mechanical means rather than by dirg
ns.

0. 2: When-rotation does not reduce spacings below the minimum requ
f the typeiin which the lamp cannot be replaced, such as a neon pilot or ing

10.3  Fricti

np is sealed in a nonremovable jewel, complies with the intent of the requirement.

d.

turning when

may adversely affect the performance of the product, or may increase the risk ¢f fire, electric

lug, or other

hall be met:

hen operated.
ring intended

sens it;
rotates; and

ct contact by

red value, a

icator light in
I

hetween surfaces shall not be used for sect |ring the pncii‘inn of the pnr’re Qpnr\i

iedin 10.2.

10.4 A rotating part that by loosening presents a risk of fire, electric shock, electrical-energy/high-current
levels, or injury to persons, shall be assembled so that the direction of rotation tends to tighten the means
that hold the rotating part in place.

Exception: A keyed part, a press fit, a part locked in place with a pin, or means that have been determined
to be equivalent, can be used to hold a rotating part in place.

10.5 Except as indicated in 10.6 — 10.9, all subassemblies, modules, and printed-wiring boards shall be
held in their intended place in the product by mechanical means.

10.6 An adhesive that is relied upon to:

a) Reduce a risk of fire, electric shock, or injury to persons,
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b) Limit access to a manual control, or

c) Avert dislodgement of a part/module affecting normal operation of the product

shall comply with the requirements for adhesives in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C. The durability shall be representative of a minimum of 30
years of service at the maximum rated prevailing ambient installation temperature.

10.7 The requirement in 10.6 applies to an adhesive used to secure a part, including a nameplate, which
may, if loosened or dislodged:

a) Energize an accessible dead metal part,

b) Make a live part accessible,

¢) Reduce spacings below the minimum required values,
d) Shqrt-circuit live parts,

e) Make a limited-accessible control accessible, or

f) Affegt the normal operation of the product.

10.8 Whethger the conditions specified in 10.7 (a) — (f) can occuxis to be considered with respect to both:
a) A part inside or outside of the device and

b) A part on the outside of the device that may affect equipment in which the deyice is to be
installed.

10.9 Parts gecured using adhesive are to befinstalled in or on the product before leaving the|factory.
11 Protectipn Against Corrosion

11.1 Iron and steel parts shall be\protected against corrosion by enameling, galvanizing, pldting, or other
means that have been determined to be equivalent, when corrosion of unprotected parts resujts in a risk of
fire, electric shock, injury to persons, or impairment of operation of a product.

Exception Ng. 1: Surfaces of sheet-steel and cast-iron parts within an enclosure are not required to be
protected agginst eerrosion when oxidation of the metal due to exposure to air and moisture is not likely to
weaken the parts\to result in a condition of risk. The thickness of metal and temperature afe also to be
evaluated.

Exception No. 2: Bearings, laminations, or minor parts or iron or steel, such as washers, screws, and
similar equipment, are not required to be protected against corrosion.

12 Branch-Circuit Connection
12.1 General

12.1.1  Control units and accessories shall be provided with a means for permanent connection to the
branch-circuit supply.

Exception: Video display terminals, other operator interface products, and printers installed within a
supervising station that may be repositioned for normal use or maintenance.
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12.2 Permanently connected

12.2.1 Gen

12.2.1.1

eral

for installing the supply conductors in rigid metallic conduit.

A product intended for permanent connection to the branch-circuit supply shall have provision

Exception: An enclosure without provisions for connection to rigid metallic conduit is acceptable when the
installation instructions specifically indicate which sections of the enclosure may be drilled for the

connection.

12212 A
(60°C) have
qualifying ma3
marked adja

12.2.2 Fiel

12.2.21 TH
permanently
without distu

12222 A
product so th

12.2.2.3 TH
wiring conne

12224 W
in the wiring
the following
Route Field

12.2.2.5 TH
protected so
sharp edges
into contact

12.2.3 Fiel

||uu|r\uut Ul Uthcl aupp:y CUTTI |cut;un UPCI I;I IH :uvatcd VVhUIU tCIIIPUIatuIUO ;II CTA

been measured during the Component Temperature Test, Section 54 an
rking as specified in 81.1.13, shall be sealed by welding or the equivalent ar’bd
cent to the opening with: "Do Not Use".

j-wiring compartment

wired product are to be made, shall be such that the connections can be rea
bing the wiring or the product after the product has beef installed as intended.

at it does not turn.

e field-wiring compartment area of a product shall be of sufficient size for ¢
Ctions as specified by the installation wiring diagram.

here damage to field-wiring instlation may be caused by internal components o
compartment, insulating or. metal barriers having smooth, rounded edges shall i
or equivalent wording marked in the wiring area: “CAUTION — When Makin
Viring Away From Sharp Projections, Corners, and Internal Components”.

e wiring terminals-of a product intended for mounting in an outlet box shall
that, upon installation, the wiring in the outlet box is not forced against the term
so as to damage the conductor insulation, and/or the terminals or stripped leads
vith the walls of the outlet box.

H-wirihg terminals and leads

cess of 140°F
d not having
permanently

e location of a terminal box or compartment, in which branch-circuit conpections to a

Hily inspected

ferminal compartment intended for connection of\a supply raceway shall be aftached to the

ompleting all

" sharp edges
e provided or
g Installation,

be located or
inals or other
do not come

12.2.3.1

A permanently connected product shall be provided with wiring terminals or leads for the

connection of conductors having an ampacity not less than 125 percent of the current input of the product
when connected to a power-supply voltage in accordance with 31.1.1 — 31.1.4.

12.2.3.2 The free length of a lead inside a terminal box or compartment shall be 6 inches (150 mm) or
more, provided with strain relief, shall not be smaller than 18 AWG (0.82 mm?), and the insulation, when of
rubber or thermoplastic, shall not be less than 0.030 inch (0.76 mm) minimum average and 0.027 inch
(0.69 mm) minimum at any point when the lead is intended for field connection to an external circuit.

Exception: The lead shall be less than 6 inches (150 mm) long when it is evident that the use of a longer
lead results in a risk of fire or electric shock
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12.2.3.3 A field-wiring terminal shall be kept from turning or shifting in position by means other than
friction between surfaces. This shall be accomplished by two screws or rivets, by square shoulders or
mortises, by a dowel pin, lug or offset, by a connecting strap or clip fitted into an adjacent part, or by some
other method determined to be the equivalent.

12.2.3.4 A field-wiring terminal shall comply with the requirements in 13.4 for field-wiring terminals

(general application) except a wire-binding screw shall not have a diameter smaller than No. 8 (4.2 mm).

12.24

Identified terminals and leads

than an automatic control W|thout a marked off posmon shaII have one termlnal or Iead lde tified for the

connection of
connected to
devices of the

12242 At
metal that is
terminal shall

12243 Al
white or gray

12.2.5 Strain relief

12.2.5.1 A
mechanical s
leads provide

internal connéctions or components, or result in a reduction of electrical spacings.

12.25.2 Ea
during installz
without any e

the grounded conductor of the supply circuit. This terminal or lead shall' b

single-pole type other than automatic controls without a marked-offposition.

brminal intended for the connection of a grounded supply conductor shall be of
white in color and shall be distinguishable from the other, terminals, or identifi
be shown in some other manner, such as on an attached wiring diagram.

ead intended for the connection of a grounded power-supply conductor sha
color and shall be distinguishable from the other-leads.

heans of strain relief shall be provided for the field supply leads of a product td
ress from being transmitted to terminals and internal connections. Inward mov
d with a ring-type strain relief of_means determined to be the equivalent shall

Ch lead used for field .conhections or an internal lead subjected to movemen
tion and servicing shall be capable of withstanding for 1 minute a pull of 10 pou
vidence of damage or of transmitting the stress to internal connections.

screw shells of lampholders and shall not be connected to switches or overcurre

electrically
nt protective

br plated with
cation of that

| be finished

prevent any

ement of the
not damage

t or handling
nds (4.54 kg)

cord and a

12.3 Cord-¢onnected.product

12.3.1 Cords and-plugs

12.3.1.1 A product—shalt-be—provided—with—atength—of-5—45feet+-5—45m)—flexibt

grounded attachment plug when intended for connection to a line voltage branch-circuit supply. See Table
12.1 and Table 12.2.

Exception No. 1: A length of flexible cord of Type S, or cord determined to be equivalent, not exceeding 25

feet (7.5 m).

Exception No. 2: The length of the power-supply cord on an appliance intended for a special installation,
such as dedicated equipment intended to be mounted near a receptacle may be less.

Exception No. 3: A polarized attachment plug, rather than a grounded attachment plug, when the product
has no accessible dead-metal parts likely to be energized.
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Exception No. 4: An attachment plug is not required to be polarized or grounded when there are no
accessible dead-metal parts likely to be energized and no single-pole devices in primary circuits.

Exception No. 5: Double insulated equipment shall not be grounded. Refer to the Standard for Double
Insulation Systems for Use in Electrical Equipment, UL 1097.

Table 12.1
Grounding, polarization, and double insulation (DI) scheme requirements

Product Attachment plug
Connected to branch circuit with accessible dead metal Grounding or insulation scheme of DI
Connected to ranch circuit with no accessible dead metal Grounding, polarization, or insulation scheme of| DI
Connected to Branch circuit with no accessible dead metal and | Non-grounding, grounding, polarizations erinsulation scheme
no single-pole Pdevices in primary circuits of DI
Table 12.2

Power supply cords

Type of appliance Type of cord
Table-model pfoducts (for use on a table, desk, and the like) SV, SP-2, SP-3
that are not freguently moved
Products that gre intended for use on desks, counters, or tables SV, SP-2
and are moved frequently
Hand-held profiucts TS?, SVP
Floor-mounted products SJ, S
Wall-mounted products SV¢, SP-2° SP-3% SJ, S

2 A tinsel cord $hall be used when all of the following, conditions are met:
1) The cord is no longer than 8 feet (2.4 m);

2) The cord is attached to the product directly or by means of a plug intended for that purpose;

3) The product rating is not higher than'60 W; and
4) The intepded use of the applianee requires an extremely flexible cord.

® Type SV and imilar cords shall be used when each conductor is made up of 36 AWG (0.01 mm?) strands.

° Type SV, SPR, SP-3, and.similar cords shall be used only when the cord is no longer than 5 feet (1.5 m).

12.3.1.2 THe flexible cord shall have a voltage rating not less than the rated voltage of thg product, and

hothat (| th ih + tH £t A {3
shall have an-afmpacity-thatisrotHessthanthe-eurrentrating-oftheproduet:

12.3.1.3 The flexible cord on a cord-connected unit shall be as indicated in Table 12.2 or shall be of a
type at least as serviceable for the particular application. Table 12.3 specifies cord types determined to be
equivalent to those specified in Table 12.2.
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Table 12.3
Equivalent cords

Basic cord type Equivalent types
TS TST
SP-2 SPE-2, SPT-2
SP-3 SPE-3, SPT-3
SV SVE, SVO, SVOO, SVT, SVTO, SVTOO
SJ SJE, SJO, SJOO, SJT, SJTO, SJTOO
S SE, SO, SO0, ST, STO, STOO

12.3.14 Th
nameplate ra

12.3.1.5 Th

When a produict is intended for use on two or more different values of voltage by field alterati

connections,
product is wir

12.3.1.6 Th
physically se

accidental removal.

Exception: For monitors and other operator interfacesproducts, a detachable power-supply

physical secu

12.3.2 Strain relief

12.3.2.1 Aq
being transm

comply with the Strain-Relief Test,«Section 72.

12.3.2.2 Ms
cord entry hg

temperature higher that/that for which the cord is rated or can reduce spacings, such as to a

relief attachm

b current rating of the attachment plug shall not be less than 125 percent, o
ng.

b voltage rating of the attachment plug shall correspond to the rated‘voltage of

the attachment plug provided with the product shall be rated for the voltage
bd when shipped from the factory.

b flexible cord shall be attached permanently to the product and means shall b
cure the attachment plug or plug-in transformer i@ the power receptacle so 3

ring means is suitable.

ower-supply cord shall be:provided with strain-relief means to keep tension on
tted to terminals, splices, or wiring within the product. The strain-relief means p

ans shall be provided so that the flexible cord cannot be pushed into the produd
le when such. displacement results in damage to the cord or exposure of t

ent, below the minimum required values.

12.3.2.3 A metal strain-relief clamp or band (without auxiliary protection) has been dete

the product

the product.
bn of internal
or which the

b provided to
s to prevent

cord without

he cord from

rovided shall

t through the
he cord to a
metal strain-

'mined to be

suitable with Type SJ, S, SJT, ST or similar jacketed cords. A metal strain-relief clamp or band has been
determined to be suitable with Type SV, SP-2, SPT-2, or SVT cords only when nonconducting auxiliary
mechanical protection is provided over the cord.

12.3.2.4 A knot shall not be used to provide strain relief.

12.3.2.5 When tested in accordance with 72.1.1 — 72.1.3, the strain-relief means provided on the flexible
cord shall be capable of withstanding for one minute, a pull of 35 pounds (15.9 kg) applied to the cord, with
no evidence of stress on the interior connections.

12.3.3 Bushings

12.3.3.1

At the point at which a supply cord passes through an opening in a wall, barrier, or the overall

enclosure, there shall be a bushing or a determined equivalent that shall be secured in place, and shall
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have a smooth, well-rounded surface against which the cord tends to bear. When other than a jacketed
cord is used and the wall or barrier is of metal, an insulation bushing shall be provided.

12.3.3.2 When the cord hole is in porcelain, phenolic composition, or another rated nonconducting
material, a smooth, well-rounded surface is determined equivalent to a bushing.

12.3.3.3 Ceramic materials and some molded compositions are capable of being used for insulating
bushings.

12.3.3.4 Vulcanized fiber is not prohibited from being used when the bushing is not less than 3/64 inch
(1.2 mm) thick and is formed and secured in place so that it will not be affected adversely by conditions of
ordinary moi

ture-

12335 A

cord where

to a motor when the bushing is:

a) No

b) Lo
have

12.3.36 A
acceptable

required. Th¢ edges of the hole in which such a bushing,is*used are required to be free frg

and other co

12.3.3.7 At
supply cord i
than 1/16 ing

12.3.3.8 An
requirement,
the space be]

13 OtherF

separate soft-rubber, neoprene, or polyvinyl chloride bushing shall only be\use
ne cord enters the frame of a motor or the enclosure of a capacitor that is.physi
less than 3/64 inch (1.2 mm) thick and

cated so that it will not be exposed to oil, grease, oil vapor, or other substance
B deleterious effect on the compound used.

bushing of any of the materials specified in 12.3.3.5%n a supply cord anywhere
vhen it is used in conjunction with a type of. cord for which an insulating b,

nditions that could damage the bushing.

any point in a product, a bushing ef-the same material as, and molded integ
5 capable of being used on a Type SP-2 or heavier cord, when the thinnest sect
h (1.6 mm) thick at the point where the cord passes through the enclosure.

insulated metal grommet to be used in place of an insulating bushing meets th
when the insulating material used is not thinner than 1/32 inch (0.8 mm) and ¢
tween the grommetiand the metal in which the grommet is mounted.

eld-Wiring Connections

H on a supply
cally attached

s that tend to

n a product is
ushing is not
m burrs, fins,

rally with, the
on is not less

e intent of the
pmpletely fills

13.1 General

13.1.1 A prpduct shall be provided with wiring terminals or leads for the connection of copductors of at
least the size required by the National Electrical Code, ANSI/NFPA 70, corresponding to the rating of the
circuit.

13.1.2 All field-wiring connections shall be contained in either an enclosed field wiring compartment
integral with the product or in a separate outlet box to which the product is to be mounted.

13.1.3 Duplicate terminals or leads, or an equivalent arrangement, shall be provided for circuits of
products intended to be connected to initiating-device circuits, notification appliance circuits, or non-
addressable signaling line circuits of a control unit; one for each incoming and one for each outgoing wire.
It is not prohibited that a common terminal be used in lieu of duplicate terminals when it is intended to
prevent the looping of an unbroken wire around or under a terminal screw in a manner that permits the
looped wire to remain unbroken during installation, thereby precluding supervision in the event the wire
becomes dislodged from under the terminal. A notched clamping plate under a single securing screw,
where separate conductors are intended to be inserted in each notch, is an equivalent arrangement. When
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duplicate terminals or leads are not used and there is no provision to prevent looping an unbroken wire
around or under one terminal, the information in 82.12 shall be included in the installation wiring
diagram/instructions.

13.2 Field-wiring compartment

13.2.1

standard conduit bushing when a bushing is required for installation.

There shall be adequate space within a terminal or wiring compartment to permit the use of a

13.2.2 The field-wiring compartment area of a product to which connections are to be made is to be of
sufficient size for completing all wiring connections as specified by the installation wiring diagram.

13.2.3 Whe
sharp edges
be provided

"CAUTION -

Internal Components."

13.2.4 The
located or prd

a) The
SO as

b)Ap
box by

13.3 Class

13.3.1 Whe
circuit condu
emergency ¢
communicatid

e it is possible for damage to field-wiring insulation to be caused by internal \¢g
n the wiring compartment, insulating or metal barriers having smooth, roundec
pr the following (or wording determined to be the equivalent) marked lin the
When Making Installation, Route Field Wiring Away From Sharp Projéections,

viring terminals of a product intended for mounting in an qutlet or junction type
tected so that, upon installation:

wiring in the outlet box is not forced against the proeduct, product's terminals, or
0 damage the conductor insulation or product's unprotected components, and/o

roduct with exposed wiring terminals shall be-held in its intended mounting locat
mechanical means.

R or 3 circuits

n the design of the product is stich that the product either requires or permits
ctors to occupy the same:e€nclosure as electric light, power, Class 1, or non-
pbmmunication signaling+circuit conductors, or medium-power network-powere
ns-circuit conductors, both of the conditions in (a) and (b) shall be met:

a) Th

opening is provided, a“continuous and firmly fixed nonconductor, such as flexible tul
provided. This isyrequired so that the Class 2 or 3 conductors are segregated from
power Class (i"conductors, non-Class 2 or 3 emergency communication signaling cor

mediu

document of the product shall completely detail cable entry routing of all condug
product

enclosure shall\provide one or more cable openings into the enclosure. W,

-power network-powered broadband communications-circuit conductors. Th

mponents or
edges shall
wiring area:
Corners And

box shall be

sharp edges
!

on inside the

Class 2 or 3
Class 2 or 3
d broadband

hen a single
ing, shall be
electric light,
ductors, and
e installation
tors into the

b) The product shall be constructed so that, with all field-installed wiring connected to the product,

either:

1) A minimum 1/4 inch (6.4 mm) is provided between all Class 2 or 3 conductors and all

electric light, power, Class 1 conductors, non-Class 2 or 3 emergency co
signaling conductors, or medium-power network-powered broadband com
circuit conductors, or

2) For circuit conductors operating at 150 volts or less to ground where the

mmunication
munications-

Class 2 or 3

conductors are installed using Types FPL, FPLR, FPLP, or equivalent cables, a minimum
1/4 inch (6.4 mm) separation is provided between these Class 2 or 3 cable conductors
extending beyond the jacket and all electric light, power, Class 1 conductors, non-Class 2 or
3 emergency communication signaling conductors, and medium-power network-powered

broadband communications-circuit conductors.
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Compliance with this requirement shall be achieved by specific wire routing configurations that are
detailed in the installation document, or when a wire routing scheme will not maintain the required
separation, barriers, or nonconductive sleeving shall be used to provide separation.

13.4 Field-wiring terminals (general application)

13.4.1

requirements in:

a)13.4.2-13.4.5;

A field-wiring terminal to which field-wiring connections are made shall comply with the

b) The field-wiring requirements in the Standard for Electrical Quick-Connect Terminals, UL 310;

¢) The¢ Standard for Wire Connectors, UL 486A-486B;

d) The Standard for Equipment Wiring Terminals for Use with Aluminum amd/or Copper

Cond

e) Th
also

13.4.2 Non
mm?) and la
be less than

requirements.

13.4.3 A wi
Plated screw

Exception: A
mm?) and a
mm?) or sma

13.4.4 Terminal plates tapped forwire-binding screws shall:

a) HY
provig
wires
wire-H

b) Be

ictors, UL 486E; or

b Standard for Terminal Blocks, UL 1059, rated for field-wiring (FW) Code 2 ap

ferrous soldering lugs or solderless (pressure) wire connectors shall be used for
ger wires. When the connectors or lugs are secured.fo a plate, the plate thick
0.050 inch (1.3 mm) thick. Securing screws of plated steel have been determing

Fe-binding screw used at a wiring terminal.shall not be smaller than No. 8 (4.2
s are not prohibited.

No. 6 (3.5 mm) diameter screw(is appropriate for use for the connection of a
No. 4 (2.8 mm) diameter screw is appropriate for use for the connection of a 1
ler conductor.

ve not less than two full threads in the metal (the terminal plate metal may b
e the two full\threads) and shall have upturned lugs, clamps, or the equivaler
in positionOther constructions may be used if they provide equivalent thread s
inding screw; and

of'avhonferrous metal not less than 0.050 inch (1.3 mm) thick when used with

-0 N20 il (O 70 oo\ L]

uitable for the voltage, current, wire range, and wire type of the)intended applicafi

plications and
on.

10 AWG (5.3
ness shall not
d to meet the

hm) diameter.

14 AWG (2.1
9 AWG (0.65

e extruded to
t, to hold the
ecurity of the

a No. 8 (4.2

o mnatar ~r loraoe AL ad-aatl +h
mm Uuranrrcicr Ul IGIHUI OUITVY, ATTU TIULTC OO U'idrll

H H whanit
V. UJUTITTUTT \U.l \%J IIIIII/ UIMTOUN WITCTT UOT

(3.5 mm) diameter or smaller screw.

with a No. 6

13.4.5 When two or more conductors are intended to be connected by wrapping under the same screw,
a nonferrous intervening metal washer shall be used for each additional conductor. A separator washer is
not required when two conductors are separated and intended to be secured under a common clamping
plate. When the wires protrude above terminal barriers, the nonferrous separator shall include means,
such as upturned tabs or sides, to retain the wire.

13.5 Field-wiring terminals (qualified application)

13.5.1 Any of the following terminal configurations are suitable for connection of field wiring when all of
the conditions in 13.5.2 are met:
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13.5.2 Any pf the terminal configurations listed in 13.5.1 are appropriate for connection ¢
provided all of the following indicated conditions are met.

13.6 Field-wiring leads

13.6.1 Genfral

a) Telephone-Type Terminals — Nonferrous terminal plates using a narrow, V-shaped slot for
securing of a conductor in a special post design (requires a special tool for wire connection);

b) Solderless Wrapped Terminals — Solderless, wrapped, nonferrous terminals whi
special tool and terminal post design;

ch require a

¢) Quick-Connect Terminals — Nonferrous, quick-connect (push-type) terminals consisting of male
posts permanently secured to the device and provided with compatible, female connectors for
connection to field wiring. These require a special tool for crimping of field wires. Mating terminals

shall be shipped with the control unit with instructions for their installation;

acent to the

e) Other Terminals — Other terminal connections are not prohibitedwhen determined to be

equivalent to (a) — (d) and are limited to the same restrictions.

a) When a special tool is required for connection, it shallbe provided and its use ind
installation wiring diagram by name of the manufacturerand the model number or equ

b) Th¢ range of wire sizes shall be indicated.en“the installation wiring diagram. T
permissible wire size to be used shall not be lessthan 26 AWG (0.13 mm?).

c) The wire size to be used shall be rated.forthe current-carrying capacity of the circuit

d) Remnoval of a lead for testing or routine servicing, including detection, location, and
installation wiring faults, is prohibited.

e) A ineans for testing for an open and a ground fault on the circuit(s) to which
connefcted shall be incorperated into the control unit or indicated on the installation wiri

f) Thejterminal assembly shall comply with the Tests on Special Terminal Assemblies,

f field wiring
cated on the
valent.

he minimum

application.
correction of
the wiring is
ng diagram.

Section 66.

13.6.1.1 Leads provided for splice connections shall be minimum 6 inches (153 mm) long.

Exception: The free-lead length is not prohibited from being less than 6 inches long when it is evident that
the use of a longer lead results in damage to the lead insulation or product, or in a risk of fire, electric
shock, or injury to persons.

13.6.1.2 A means of strain relief shall be provided for the field wiring leads, and all internally connected
wires which are subject to movement in conjunction with the installation, operation, or servicing of a
product to prevent any mechanical stress from being transmitted to terminals and internal connections.
Inward movement of the leads provided with a ring-type strain relief or means determined to be the
equivalent shall not damage internal connections or components, or result in a reduction of electrical
spacings.


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024 UL 2572 41

13.6.1.3 Each lead used for field connections or an internal lead subjected to movement or handling
during installation and servicing shall be capable of withstanding for 1 minute a pull of 10 pounds (4.54 kg)
without any evidence of damage or of transmitting the stress to internal connections.

13.6.2 High-voltage circuits
13.6.2.1 A lead provided for field connection to a high-voltage circuit shall not be smaller than 18 AWG
(0.82 mm?), and the insulation, when of rubber or thermoplastic, shall be minimum 0.030 inch (0.76 mm)

minimum average and 0.027 inch (0.69 mm) minimum at any point.

13.6.3 Class 2 or 3 circuits

13.6.3.1 A |ead provided for field connection to a low-voltage, Class 2 or 3 circuit shall be\ng smaller than
22 AWG (0.32 mm?) and the insulation shall be a minimum of 1/64 inch (0.4 mm) thick.

Exception: Cppper leads as small as 26 AWG (0.13 mm?) are permitted to be used.onhly when:

a) The current does not exceed 1 ampere for lengths up to 2 feet (61 cm) or 0.4 ampare for lengths
up to|10 feet (3.05 m);

b) There are two or more conductors and they are covered by,a common jacket or the|equivalent;

c) The assembled conductors comply with the strain-rélief requirement specified [n the Strain-
Relief Test, Section 72; and

d) The installation instructions indicate that the.lead shall not be spliced to a conducfor larger than
18 AWG (0.82 mm?).

13.7 Cordg and plugs

13.7.1 Cords and cord connectors shallnot be used for products not intended to be moved or relocated,
or where the|desirability of the productbeing readily detachable has not been demonstrated.

13.7.2 Cords and cord connectors shall be rated for the current and voltage used.
14 Internal Wiring
14.1 General

14.1.1  The|wiring and connections between parts of a product shall be protected or enclosed, or they
shall be in a cord or cable that has been evaluated and determined to be rated for the application.

14.1.2 Internal wiring shall be routed and secured so that the wires and electrical connections are not
subjected to stress or mechanical damage.

14.1.3 A hole in a wall within the overall enclosure of a product through which insulated wires pass, shall
be provided with a bushing or shall have smooth, rounded surfaces.

14.1.4 Internal wiring shall be evaluated and determined to be rated for the application, with respect to
temperature, voltage, ampacity, and exposure to oil, grease, solvents, acids, and other conditions of
service to which the wiring is subjected.
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14.1.5 When it is possible that internal wiring is to be exposed to moisture, including any condensation
resulting from operation of the product, the wiring shall be evaluated and determined to be rated for such
exposure.

14.1.6 Vibration, impact, flexing, or other movement of wires during intended use, including user
servicing, shall not reduce the wire insulation or the wire termination integrity.

14.1.7 Alead or a cable assembly connected to a part mounted on a hinged cover shall be long enough
to permit the full opening of the cover without applying stress to the lead or the connections. The lead shall
be secured, or equivalently arranged, to reduce the risks of abrasion of the insulation and jamming of the

leads betwee

n parts of the enclosure.

14.1.8 Metd
well-rounded
a) Ung
than 1
b) On

14.1.9 Wire
fins), moving

| clamps and guides used for routing stationary internal wiring shall be provided
edges. Auxiliary nonconducting mechanical protection shall be provided:

er a clamp at which pressure is exerted on a conductor having thermaplastic i
32 inch (0.8 mm) thick and no overall braid and

any wire(s) that is subject to motion.

5 shall be routed away from sharp edges (such as those found on screw thread
parts, and similar hazards, which tend to damage the wire insulation.

14.1.10 Ins

enclosure of the product are not prohibited when the otherrequirements of this standard are n

14.1.11

14.1.12
shall be segr
the highest vq

14.1.13 Cla
segregation g

14.2 Splice

14.21 Al
determined tq

q

b

Sugplementary insulation shall be applied.to internal wiring that involves a risk of &
and is exposgd during user servicing.

Intdrnal wiring of circuits that operate at different potentials shall be separated 4

lated wires bunched and passed through a single opening in a metal wa3

gated, unless the conductors of the circuits of lower voltage are provided with
Itage.

mping, routing, or~equivalent means that ensures permanent separation may
f insulated conductors.

5 and connections

plices* and connections shall be mechanically secure and shall be inve
provide intended electrical continuity. A soldered connection shall be made

with smooth,

sulation less

s, burrs, and
Il within the
net.

lectric shock

y barriers or
insulation for

accomplish

stigated and
mechanically

secure before being soldered. Consideration shall be given to vibration when investigating electrical
connections. Pressure-wire connectors have been determined to comply with the requirements.

14.2.2 A splice shall be provided with insulation determined to be the equivalent to that of the wires
involved when permanence of spacing between the splice and other metal parts is incapable of being

maintained.

14.2.3

In determining whether or not splice insulation consisting of coated-fabric, thermoplastic, or

another type of tape or tubing complies with the aforementioned requirements, a comparison is to be
made of factors such as mechanical strength, dielectric properties, and heat- and moisture-resistant
characteristics. Thermoplastic tape wrapped over sharp edges does not comply with the intent of this
requirement.
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14.2.4 When stranded internal wiring is connected to a wire-binding screw, there shall not be loose
strands of wire that contact other uninsulated live parts or dead-metal parts. This shall be accomplished by
use of pressure-terminal connectors, soldering lugs, crimped eyelets, soldering all strands of the wire
together, or other means that have been determined to be equivalent.

14.3 Connectors and receptacles

14.3.1 A receptacle or connector of the multiple-pin type shall be suitable for the current and voltage to
which it is to be subjected.

15 Protective Devices

15.1 A fusq holder, overcurrent protective device (other than an automatic control without| a marked off
position), the| center contact of a screwshell-base lampholder, an interlock, and a manuahoh-off switch with
a marked off| position shall be connected to the ungrounded side of the line when-used in g high-voltage
circuit.

15.2 A fusg holder shall be of either the cartridge-enclosed or plug-fuse type. The use of plug fuses is to
be limited to pquipment rated at not more than 125 or 125/250 volts.

15.3 Fuse holders, fuses, and circuit breakers shall be rated for thelapplication.

15.4 All external circuits intended to be connected to non-Class 2 or 3 wire shall contain gither current-
limiting or overcurrent protection to prevent fault currents in\excess of the current rating for tme gauge wire
size permittdqd by the National Electrical Code, ANSI/INFPA 70, or as specified in the installation wiring
diagram/instjuctions. The overcurrent protection provided shall be as specified in Article 240 in
ANSI/NFPA 70. See 50.3.3.

as noted in 16.2, current~carrying parts shall be of silver, copper, a copper alloy, stainless
steel, aluminum, or other nonferrous material intended for the application.

16.2 Plated steel meets the ‘intent for some secondary-circuit or primary-circuit parts (such as capacitor
terminals) when a glass-to-metal seat is necessary and for leads or threaded studs of semiconductor
devices. Blugd steel or, steel with an equivalent corrosion resistance meets the intent fof the current-
carrying arms of mechanically or magnetically-operated leaf switches, and within a motpr and motor
governor including-thé motor terminals, or when the temperature is in excess of 100°C (212[F) during the
intended opgration:.

16.3 Bearings, hinges, and the like shall not be used as current-carrying parts.
17 Spacings

17.1 A product shall provide maintained spacings between uninsulated live parts and the enclosure or
dead-metal parts, and between uninsulated live parts of opposite polarity. The spacings shall not be less
than those indicated in Table 17.1.

Exception: On printed-wiring boards having a flammability classification of V-0 in accordance with the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94,
spacings (other than spacings to dead metal traces, between primary and secondary circuits, and at field
wiring terminals) are not specified between traces of different potential connected in the same circuit
when:
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a) The spacings are adequate to comply with the requirements in 65.8, Evaluation of reduced
spacings on printed-wiring boards; or

b) An analysis of the circuit indicates that no more than 12.5 mA of current is available between
short-circuited traces having reduced spacings.

Table 17.1
Minimum spacings

Point of application Minimum spacings
Voltage range, Through air, Over surface,
volts inch (mm) inch (mm)

To walls of enclpsure:

Cast metal enclosures 0-300 1/4 (6.4) 1/4 (6.4)
Sheet metal englosures Power or non-power 1/4 (6.4) 1/4 (6.4)
limited 0 — 50
Power limited 51 — 300 1/4 (6.4) 1/4 (6.4)
Non-power limited 51 — 1/2 (12.7) 1/2 (12.7)
150
Non-power limited 300 — 1/2 (12.7) 1/2 (12.7)
600
Installation wiripg terminals:
With barriers 0-30 1/8 (3.2) 3/16 (4.8)
31-150 178 (3.2) 1/4 (6.4)
151 —-300 1/4 (6.4) 3/8 (9.5)
Without barrier: 0-30 3/16 (4.8) 3/16 (4.8)
31-150 1/4 (6.4) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
Rigidly clamped assemblies:?
Class 2, Power|Limited 0-30 - - - -
Non Class 2, Ppwer Limited 0-30 3/64 (1.2) 3/64 (1.2)
31-150 116 (1.6) 1/16 (1.6)
151 -300 3/32 (2.4) 3/32 (2.4)
300 - 600 3/8 (9.5) 12 (12.7)
Other parts 0-30 116 (1.6) 1/8 (3.2)
31-150 1/8 (3.2) 1/4 (6.4)
151 —300 1/4 (6.4) 3/8 (9.5)
300 - 600 3/8 (9.5) 12 (12.7)

@ Measurements are to be made with solid wire of adequate ampacity for the applied load connected to each terminal. In no case
shall the wire be smaller than 18 AWG (0.82 mm?).

b Rigidly clamped assemblies include such parts as contact springs on relays or cam switches, printed-wiring boards, and the like.

17.2 The through-air and over-surface spacings at an individual component part are to be determined on
the basis of the volt-amperes used and controlled by the individual component. The spacing from one
component to another, however, and from any component to the enclosure or to other uninsulated dead
metal parts, shall be determined on the basis of the maximum voltage and total volt-ampere rating of all
components in the enclosure.
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17.3 The spacing requirements in Table 17.1 do not apply to the inherent spacings inside motors, except
at wiring terminals, or to the inherent spacings of a component which is provided as part of the control unit.
Such spacings are determined on the basis of the requirements for the component. The electrical
clearance resulting from the assembly of a component into the complete device, including clearances to
dead metal or enclosures, shall be as specified in Table 17.1.

17.4 The “To-walls-of-enclosure” spacings indicated in Table 17.1 are not to be applied to an individual
enclosure of a component part within an outer enclosure.

17.5 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material used where spacings would otherwise be insufficient, shall be minimum 0.028 inch (0.71

mm) thick; e

cept that a liner or barrier that is minimum 0.013 inch (0.33 mm) thick meets th

e intent when

used in conj
protected ag

17.6 Insula
been determ

17.7 Film-G
with the spad

17.8 The s
unit are dete
requirements
18 Insulati
18.1 Unins

shall be mg
acceptable fq

Linction with a minimum of one-half of the through-air spacing required. The
binst arcing.

ling material having a thickness less than that specified in 17.5 meetsithe inter

ned to have equivalent mechanical and electrical properties.

pated wire is identified as a bare current-carrying part in determining compliang
ing requirements, but the coating is suitable as turn-to-turpsinsulation in coils.

pacings within snap switches, lampholders, and similar wiring devices supplie
rmined under other requirements for such devi¢es'and are not required to co
of Table 17.1.

hg Material

Llated live parts involving risk of fire; electric shock, or electrical-energy/high-
unted on porcelain, phenolicx€omposition, or other material that has bee
r the application.

18.2 Vulcanized fiber is not prohibited from being used for insulating bushings, washers, sg

barriers, but
introduces a
indirect supp
current shall
Equipment B

18.3 Molde

hot as the sole support for uninsulated live parts when shrinkage, current leakag
risk of fire, electric ‘shock, or injury to persons. Thermoplastic materials used fo
ort of uninsulated live parts involving a risk of fire, electric shock, or electrica

valuationsg UL 746C.

d parts shall have the mechanical strength and rigidity to withstand the streg

service.

liner shall be

t when it has

e of a device

j as part of a

mply with the

current levels

n determined

parators, and
B, or warpage
r the direct or
-energy/high-

comply withithe requirements in the Standard for Polymeric Materials — Us¢ in Electrical

ses of actual

18.4 An insulating liner shall be investigated and determined to be rated for the purpose. Barriers shall
be held in place by a means more secure than friction between surfaces. The elasticity of tubing shall not
be depended upon to hold the tubing in place. Heat-shrink tubing has been determined to meet this
requirement where a sharp edge or point is not involved.

19 Printed-Wiring Boards

19.1 Printed-wiring boards shall be suitable for the application. The securing of components to the board
shall be made in the intended manner and the spacings between circuits shall comply with the
requirements for Spacings, Section 17. The board shall be reliably mounted so that deflection of the board
during installation or servicing shall not result in damage to the board or in developing a risk of fire or
electric shock.
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19.2 All printed-wiring boards shall have a minimum flammability rating of V-2, rated for direct support of
current-carrying parts, and be suitable for the soldering process used.

20 End-of-Line Devices

20.1

An end-of-line device shall be constructed as follows:

a) Where the circuit in which the end-of-line device is to be connected is intended for connection by
conduit or metal-clad cable, the device shall be arranged for mounting inside of a metal box to
which such connection can be made. Mounting on an outlet box cover with terminals or leads
provided for field connection, or an equivalent arrangement, has been determined as complying

with th

e intent of this requirement.

b) WH
termin
diame
the co

c) Wh

21 Voltage-

211 A carb
voltage suppl

22 Coil Win

221 Relays
for the intend

ere the end-of-line device is intended to be installed inside a back box{spl
als suitable for making field connections, shall be provided. Splice dleads

ter of not less than 18 AWG (0.82 mm?). The exposed live parts of the assemb
hnection portion of the terminal, shall be covered with insulating tubing or the eq

bre the end-of-line device is intended to be installed inside a preduct:

1) Splice leads or terminals suitable for making field confections shall be pro
leads shall have a diameter not less than 18 AWG. The exposed live parts of {
except for the connection portion of the terminal, shall be covered with insula
the equivalent or

2) It shall be provided with terminations compatible with the product's provig
wiring connections. When installed per,the manufacturer's installation instruc
be securely fastened with no means o open circuit, short to an adjacent cin
cause a risk of electric shock. To aveid damage to the body of the end-of-line
installation, the device shall be either supplied pre-formed or forming instruc
included in the installation instructions.

Dropping Resistors

on composition resistor shall not be used as a line voltage-dropping resistof
y circuit of a produet.

dings

!

ce leads, or
shall have a
ly, except for
Liivalent.

vided. Splice
he assembly,
ing tubing or

ions for field
tions, it shall
cuit node, or
evice during
ons shall be

in the high-

, transformers, and similar devices used in high-voltage circuits shall be evalua
bd, purpose, or comply with the applicable requirements for the component (see

d and rated

e
ppendix A).

22.2 The insulation of coil windings of relays, transformers, and similar components, shall be such as to
resist the absorption of moisture.

22.3 Film-coated wire is not required to have an additional treatment to prevent moisture absorption.

23 Components

231

23.1.1

Switches

A switch provided as part of a product shall have a current and voltage rating not less than that of

the circuit which it controls when the device is operated under any condition of intended service.
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23.2 Lampholders and lamps

23.2.1
is operated u

nder any condition of intended service.

Lampholders and lamps shall be rated for the circuit in which they are employed when the product

23.2.2 Except for circuits operating at 30 volts, root-mean-square (rms), 42.4 volts direct current (DC) or
42 .4 volts peak, or less, a lampholder shall be installed so that uninsulated live parts other than a screw
shell will not be exposed to contact by persons removing or replacing lamps.

23.2.3 The color coding of lamps or equivalent indicators employed as part of a product shall not be the
sole means of identifying the function of the indicator.

Exception: L
are identified

amps and indicators used by service personnel for diagnostic purposes, provi
in the product's installation instructions/manual.

23.3 Operdting mechanisms

23.3.1 Ope
by dust or by
dust-tight ca
protection ag

23.3.2 The
be such that

23.3.3 Moy

23.3.4 Pro
under the co

23.3.5 Man

rating parts, such as light-duty relays and similar devices, shall,be protected 4
other material that may adversely affect their intended operation, by individua

ainst fouling by dust.

assembly of an operating mechanism included:as a part of a control unit or aqg
t will not be adversely affected by any condition'of intended operation.

ng parts shall have sufficient play at bearing surfaces to prevent binding.

ision shall be made to prevent adjusting screws and similar adjustable parts fi
nditions of actual use.

ually-operated parts shall withstand the stresses to which they will be subjected

23.3.6 An glectromechanical-device shall be constructed to provide reliable and positive

mechanical

erformance under-all conditions of intended operation.

23.4 Acrogs-the-line.components

23.4.1 Con
of a product,

ponents such as capacitors and EMI filters, connected across the high-voltage
shall'be rated for the purpose or comply with the applicable requirements for th

ded that they

gainst fouling
protection or

binets. A relay employing contacts having a wiping ,aétion does not requirg¢ any special

cessory shall

pom loosening

in operation.

electrical and

supply circuit
e component.

See Appendi

X A.

23.4.2 A component is considered to be across the high-voltage supply circuit when, in a shorted
condition, a current of more than 1 ampere passes through it when the product is in any condition where
the individual components have reached ultimate operating temperatures. The current through the
component can be limited to 1 ampere or less by a fixed impedance or a protective device rated 1 ampere
or less.

23.4.3 A capacitor is also considered to be across-the-line when it is used under either of the following
conditions:

a) For high-voltage supply-line bypass in equipment provided with a terminal or connection
intended to be grounded or
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b) For antenna blocking or high-voltage supply-line bypass in equipment provided with one or more

extern

al antenna terminals that may be grounded.

24 Batteries

24.1 Recha

2411

rgeable storage-type used as a secondary power source

the charged state.

A storage battery shall have sealed cells, or cells with spray trap vents, and shall be maintained in

24.1.2 Batteries shall be located and mounted so that terminals of cells are prevented from coming into

contact with t
the batteries.

24.1.3 The
maintenance
connection off

2414 A co
obtained, the

2415 The
overcurrent p

24.2 Prima

2421 Whe
source of pow

24.2.2 Battg
with uninsulg
shifting.

24.2.3 Reaq
without dama

similar parts.

24.2.4 Rem
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mounting arrangement for the batteries shall permit access to theycells for
or the product shall provide integral meters or readily accessible‘terminal fad
meters for determining battery voltage and charging current.

nditioning charge shall be limited so that, with the maximum rate of charge

battery shall be protected against excessive loading or charging current by a
rotective device.

'y dry-cell batteries

N a battery or set of batteries is used as the main source or the non-recharge
er of a product, it shall meet thé\requirements of the Primary Batteries Tests, Se

ries shall be located and mounted to reduce the risk of terminals of cells comi
ted live parts, terminals or adjacent cells, or metal parts of the enclosure a

y access shall. be available to the battery compartment to facilitate battery
ge to the product components or disassembly of any part of the product, except

bval,'of the product from a mounting support to replace a battery shall be p

of shifting of

testing and
ilities for the

that can be

battery gases do not adversely affect any part of the, pfoduct. The trickle ang fast charge
rates of a bat{ery shall not exceed the battery manufacturer's recompamended rates.

fuse or other

able standby
ction 71.

ng in contact
s a result of

replacement,
for a cover or

ermitted only

where the c
supervised.

Mmected witing 1S Not subjected 1o flexing or stress and the mounting of t

e product is

24.2.5 Lead or terminal connections to batteries shall be identified with the proper polarity (plus or minus
signs), and strain relief provided for any leads. The polarity shall be indicated on the product either
adjacent to the battery terminals or leads.

24.2.6 Connections to battery terminals shall be either by a lead terminating in a positive snap-action
type clip, or a fixed butt-type connection which applies a minimum 6.6 N (1.5 pounds) force to each battery
contact, or another connection means that has been determined to be equivalent. The connection shall
consist of an unplated or plated metal that is resistant to the corrosive action of the electrolyte.
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24.2.7 Each lead of a clip lead assembly used as part of a battery operated product shall be suited for
the intended application, shall be minimum 26 AWG (0.21 mm?) stranded wire size with minimum 0.4 mm

(1/64 inch) in
24.3 Lithiu

24.3.1
1642.

sulation and provided with strain relief.

m batteries

Lithium batteries shall comply with the requirements in the Standard for Lithium Batteries, UL

24.3.2 A lithium battery shall be protected from abnormal charging currents during use as required in the

Standard for

Lithium Batteries, UL 1642.

Exception: A
lithium batte
required to b

circuit that obtains power solely from a lithium battery (for example, a circui
y serves as the sole power source as opposed to serving as a standby poweéer
b subjected to the abnormal charging current requirements in UL 1642.

25 Grounding for Products Containing High-Voltage Circuits

25.1 A prog
dead metal p

Exception: M

a) Ad
of the
they :

b) Isd
wiring
c) Pa

from

d) Pa
barrig
minin

25.2 On fix
connection o

uct which involves high-voltage circuits shall have provision‘for the grounding
arts that might become energized from circuits involving alrisk of electric shock.

etal parts as described in (a) — (d):

hesive-attached metal-foil markings, screws, handles, etc., which are located g
enclosure and isolated from electrical components or wiring by grounded meta
re not liable to become energized.

lated metal parts, such as small asseémbly screws, etc., which are positively s4
and uninsulated live parts.

nels and covers that do not enclose uninsulated live parts when wiring is positi
he panel or cover so that itjis not liable to become energized.

hels and covers which are insulated from electrical components and wiring by
r of vulcanized.fiber, varnished cloth, phenolic composition, or similar mate
um of 0.8 mm (1/32 inch) thick.

ed equipment, the provision of a knockout or other opening in a metal enc
f metal-clad cable, conduit, metal raceway, or the like is permitted as a means fo

25.3 When

in which the
source) is not

pf all exposed

n the outside
parts so that

bparated from

ely separated

an insulating
rial that is a

osure for the
r grounding.
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each such connection shall be provided with a means for grounding.

re-thar—oene—power supply,

25.4 All dead-metal parts that are accessible during intended use or user servicing, and that are capable
of becoming energized from circuits involving a risk of electric shock, shall be connected together and to
the grounding means.

Exception: Metal parts as described in the Exception to 25.1.

25.5 The following circuits of emergency communication systems shall be bonded to ground under the
indicated conditions:

a) Alternating current circuits less than 50 volts:
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1) Where supplied by transformers if the transformer supply system exceeds 150 volts to

ground.

2) Where supplied by transformers if the transformer supply system is ungrounded.

3) Where installed as overhead conductors outside of buildings.

b) Alternating current circuits of 50 volts and over:

1) Where the system can be so grounded that the maximum voltage to ground on the

ungrounded conductors does not exceed 150 volts.

2) Where the system is nominally rated 240/120 volts, 3-phase, 4-wire in which

the midpoint

c) Dirg

Excep
curren

25.6 All born
brazing, weld
nonconductiv|
action of rubb

25.7 Abolte
for penetratin

25.8 Where
threads of a s

25.9 A field;
capable of se

of one phase is used as a circuit conductor.
ct-current circuits operating at 51 — 300 volts.

tion: Class 2 or 3 direct-current emergency communication circuits” having
t of 0.030 amperes.

ding to ground connections shall be by a positive means, such as by clamp
ing, or by being a bolted or screwed connection. The bonding connection sh
e coatings such as paint. Bonding around a resilient.mount shall not rely on
er or similar material.

hj nonconductive coatings is identified as complying with 25.6.
the bonding means depends upon-screw threads, the use of two or more scre

ingle screw engaging metal is in compliance with 25.6.

curing a conductor of the size specified in Table 25.1.

a maximum

ing, riveting,
all penetrate
the clamping

d or screwed connection that incorporates a star washer or serrations under the screw head

s or two full

wiring terminal intended solely for connection of an equipment-grounding conddictor shall be

Table 25.1
Bonding wire conductor size
Rating of overcurrent Size of bonding conductor?
device, amgeres Copper wire, Aluminum wire,

AWG (mm?) AWG mm?)

15 14 2.1 12 (3.3)

20 12 (3.3) 10 (5.3)

30 10 (5.3) 8 (8.4)

40 10 (5.3) 8 (8.4)

60 10 (5.3) 8 (8.4)

100 8 (8.4) 6 (3.3)

200 6 (13.3) 4 (1.2)

& Or equivalent

cross-sectional area.

25.10 The size of a copper or aluminum conductor used to bond an electrical enclosure shall be based
on the rating of the branch-circuit overcurrent device by which the equipment will be protected. The size of
the conductor shall be in accordance with Table 25.1.
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2511 Splices shall not be used in wire conductors used for bonding.

2512 A wire-binding screw or a pressure wire connector intended for the connection of an equipment-
grounding conductor shall have a green-colored head or shall be plainly identified as such by being
marked "G," "GR," "GND," "Ground," "Grounding," or the like, or with the Symbol 5019 graphic from IEC
Publication 60417-1 shown in Figure 25.1, or by a marking on the wiring diagram provided on the product.
The wire-binding screw or pressure wire connector shall be located so that it is not able to be removed
during intended servicing of the product. When used alone, the Symbol 5019 graphic from IEC Publication
60417-1 shall be defined in the installation instructions provided with the equipment.

Figure 25.1

International electrical symbol

25.13 The purface of an insulated Jlead intended solely for the connection of an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified.

25.14 The grounding conductor in a flexible cord shall be green with or without one off more yellow
stripes. The grounding conductor shall be secured to the frame or enclosure of the product by means of a
screw, rivet, pr similar.equipment that is not removable during intended servicing not involvihg the supply
cord. Solder [shall.net-be used alone for securing the grounding conductor. The grounding conductor shall
be connecteT ta:the grounding terminal of an attachment plug.

25.15 When a means for grounding is provided on the product, even though it is not required, it shall
comply with the requirements in 25.1 — 25.14.

25.16 Metal-to-metal hinge-bearing members for doors or covers are considered to meet the
requirement for bonding the door or cover to ground, when a multiple bearing pin type (piano-type hinge)
is used.

Exception: Slip-joint or similar, hinge-bearing members are not required to comply with this requirement
when the resistance between the two parts connected by the bonding element is not more than 0.1 ohm.
The resistance shall be determined by a resistance-measuring instrument. When unacceptable results are
recorded, an alternating or direct current of at least 20 amperes from a power supply of not more than 12
volts shall be passed between the two parts connected by the bonding element. The resulting drop in
potential and the test current shall be measured between the two points. The resistance in ohms shall be
determined by dividing the drop in potential in volts by the current in amperes.
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26 Servicing Protection

26.1 General

26.1.1 Uninsulated live parts of high-voltage circuits, hazardous moving parts, sharp corners and
projections shall be formed, located, guarded, or enclosed so as to prevent contact by persons during
servicing such as relamping, fuse or rod replacement, battery replacement, adjusting controls, and routine

maintenance.

26.2 Trained service personnel

26.21 Whe
uninsulated ¢
by properly a

Exception: Pr

26.2.2 Insul
with the cauti

26.2.3 Inlie
shall comply

a) An

b) Th
"CAUT

26.2.4 Unin
enclosed so
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urrent-carrying parts of high-voltage circuits is less than 152 mm (6 inches), th
bplied insulating tape, barriers, or equivalent, shall be provided.

pducts complying with the Electric Shock Current Test, Section 62.

ating barriers, or equivalent required by 26.2.1 shall be permanently and promin|
pnary marking “CAUTION — High Voltage” or equivalent.

L of the minimum 152 mm (6 inch) requirement only for 'serviceable components
vith one of the following:

nterlock shall be provided on the cover to de-energize all live parts in the enclos

e following permanent and prominent*marking shall be provided on the
[ION — De-Energize Unit Prior To Servi¢ing."

sulated live parts or moving parts involving a risk of injury shall be located,
bs to reduce the risk of contact by persons during servicing conditions such 3

changing fusgs, adjusting controls, and-0perating switches.

26.3 Anten

26.3.1 Each
to the supply
5.2 megohms
the on or off g

ha terminal discharge assembly

terminal provided for the connection of an external antenna shall be conductivg
circuit grounded conductor. The conductive connection shall have a maximum
, @ minimum wattage rating of 1/2 watt, and shall be effective with the power sv
osition

Exception No

itch and any
bn protection

ently marked

, the product

Lire or

cover front:

guarded, or
s relamping,

ly connected
resistance of
itch in either

1:“The conductive connection need not be provided when:

a) Such a connection is established in the event of electrical breakdown of the antenna isolating
means;

b) The breakdown does not result in a risk of electric shock; and

¢) In a construction using an isolating power transformer, the resistance of the conductive

conne

ction between the supply circuit and chassis does not exceed 5.2 megohms.

Exception No. 2: A component comprised of a capacitor with a built-in shunt resistor that complies with the

requirements

for antenna-isolating capacitors is to be rated a minimum of 1/4 watt.
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26.3.2 The maximum value of 5.2 megohms specified in 26.3.1 is to include the maximum tolerance of
the resistor value used; that is, a resistor rated 4.2 megohms with 20 percent tolerance or a resistor rated
4.7 megohms with a 10 percent tolerance.

PROTECTION AGAINST INJURY TO PERSONS

27 General

271
protection sh

all be provided to reduce the risk.

When the operation and maintenance of a product by the user involves a risk of injury to persons,

27.2 Whenpt

misuse of theg

27.3 An ac
product shall

274 The s
device is re
characteristiq
breakdown g
event contrib
resultsinari
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product.

Cessory that is made available or recommended by the manufactureryfor'use
be included in the evaluation of the product.

uired, is to be determined from an investigation of the complete product,
s, and the risk of injury to persons. The investigation is té_include evaluation of]
r malfunction of any one component, but not more thanione component at a tim
utes to another. When the investigation shows thatbreakdown or malfunction off
5k of injury to persons, the component shall be investigated for reliability.

pf injury to persons is possible when one ermore of the following conditions exis

wer-operated moving parts such as;-gears and linkages are accessible du
tion or maintenance and are capable of causing a cut or laceration;

Brp edges, burrs, or projections are present during use or servicing;

c) Th
Secti

d) Th
enta

28 Telesco
28.1 A tele

shall be pro
the Antenna

b stability of a product iS such that it is capable of causing injury to persons
bn 30); and/or

re is a possibility that a part of the body is endangered or that clothing is cap
gled by a moying/part.

ping Antenna

foreseeable

vith the basic

Iitability of a guard, a safety release, an interlock and similardevices, and whether such a

its operating
the results of
e, unless one
a component

t:

ring intended

see Stability,

able of being

k of puncture

copnng type antenna termlnatlng |n an end that is capable of constltutlng aris

Cet—W

End-Piece Secureness Test, Sectlon 73.

29 Sharp Edges

29.1

complies with

An enclosure, edge, frame, projection, guard, opening, handle, or similar construction shall be

smooth and free from sharp edges that are capable of injury to persons during intended maintenance and

use.

Exception: A sharp edge that must be exposed to enable the product to perform its intended function.

29.2 For edges where the degree of sharpness cannot be determined by inspection, compliance with
29.1 is determined by the test procedure in the Standard for Test for Sharpness of Edges on Equipment,

UL 14309.
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30 Stability

30.1 Under all conditions of servicing and intended use, a fully assembled product shall not become
physically unstable to the degree that creates a risk of injury to operators or service personnel.

30.2 A product shall not tip over when tilted 10 degrees from its intended, upright position, while all
doors, covers, gates, drawers, and similar parts are in place and closed, and all casters and jacks, when
provided, are in their most unfavorable position.

Exception: For fixed or stationary equipment without casters where specialized handling is required to

transport the product, this test is to be performed after the equipment is installed as intended.

30.3 The rsg
defined as on
parts of the b

30.4 Incon

quirements in 30.4 — 30.8 apply to all freestanding products. A freestandin
e that is floor standing and not intended to be secured to other units or.to'\tHe
hilding.

Hucting the tests described in 30.5 — 30.7, the equipment shall be installed as

casters and jacks, when provided, are to be placed in their most unfavorable positions, and

be locked or
lowered after
position for th

30.5 A freeg
39-3/8 inches
when a contin
maximum mao
closed.

30.6 With rd
are not deterr

30.7 Afrees
(25.0 kg) sha
force (250 N)
from the floo
serviceman §

blocked. However, when casters are being used only to transport the product, 3
installation, then the jacks (and not the casters) are to ®e used in their mos
e test, consistent with reasonable leveling of the produt.

tanding product that has an external surface (work top or ledge) at a height n
(1.00 m) from the floor and that is prone to being stepped on or sat upon, sha
uous downward force of 179.8 pounds-force’ (800 N) is applied to that surface 3
ment. For this test, all doors, covers, gates, drawers, and similar parts shall be

gard to the requirement in 30.5,(delicate parts such as keyboards, control pang
hined as prone to being steppéd on or sat upon.

tanding product more than 39-3/8 inches (1.00 m) high and weighing more than
I not tip over when.a'force equal to 1/5 the weight of the unit but not more than

is applied in any(direction, except upward, at a height not exceeding 78-3/4 ing
. For this test,‘\all doors, drawers, frames, and the like that can be opened fg
ervicing are-to be opened and in the most unfavorable position. Separate tas

performed wihen operator and service extensions are different or when special stabilizers

accordance W

ith 30:8:

30.8 Astab

g product is
floor or other

intended. All
vheels are to
ind jacks are

unfavorable

pt exceeding
| not tip over
t the point of
in place and

bls, or spools

55.1 pounds
6.2 pounds-
hes (2.00 m)
I operator or
ks are to be
are used in

lizing means is not prohibited from being used to improve stability when doors

rawers, and

the like are opened. The stabilizing means shall be automatic in operation or interlocked when associated
with user use. For service personnel, where it is not automatic in operation, a conspicuous marking shall
be provided to caution the personnel on its use. See 81.1.24.

PERFORMANCE - GENERAL

31 Details

31.1 Tests and voltages

31.1.1

production representative sample to the tests described in Sections 32 — 78.

Except as otherwise indicated, the performance of a product shall be investigated by subjecting a
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31.1.2 Unless otherwise specified, the test voltage(s) for each test of a product is to be as indicated in
Table 31.1 at the rated frequency of the product.

Table 31.1
Test voltages

Product rated voltage, nameplate

Test voltage

60 cycle, 50/60 cycle 110-120 120
220 - 240 240
Rated frequency Other Maximum marked rating
bC Battery circuit Marked nominal battery voltage
50 cycle 110-120 120
220 220
240 240

31.1.3 Whgn a product must be mounted in a definite position in order toxfunction as intended, it shall be

tested in that| position.

31.1.4 Whgre applicable all measurements are to be made with*a calibrated true RMY meter or an

oscilloscope

31.2 Loading

31.2.1 A prpduct shall operate as intended and without the risk of fire, electric shock, or injyry to persons
with all exterpal circuits connected to maximum rated load.

31.2.2 Maximum rated load is that value of impedance which causes rated current to flow in the external
circuit or the maximum number of .specific devices or appliances, as specified in the installation
instructions, connected to the external circuit, with the input voltage to the product adjusted to the value

determined Ry 31.1.2.

31.2.3 Unitp that are provided'with connectors for the installation of accessories or with open card slots,
or both, shall be subjected\to the tests in this standard with such connectors or card slots, of both, loaded

to the maximum rated Qutput capability for the unit specified by the manufacturer.

PERFORMA1NCE =~ OPERATION TESTS

32 Specifics

32.1 A product shall be capable of operating for all conditions of its intended performance when used in
conjunction with initiating devices, notification appliances, power supplies, and interconnected equipment
to form a system of the service specific type indicated in the marking and shown in the installation

instructions.

32.2 To determine compliance with 32.1, initiating devices, notification appliances, interconnected
equipment, and power-supply circuits are to be connected to the product as specified by the installation
wiring diagram/instructions to form a typical system, and the system operated for each condition of its

intended performance.
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32.3 Theitems in (a) — (d) used for testing are to be those specified by the installation instructions of the
product. Substitute devices, unless otherwise indicated, are not prohibited from being used where they
produce equivalent circuit loading and actuation of the product.

a) Initiating devices (local operator consoles, manual actuating stations, and similar devices);

b) Notification appliances (bells, strobes, speakers, high power speaker arrays, and similar
appliances or parts);

c) Interconnected equipment (local operating console(s), interfaces, transport products which
manipulate the data package, other control units, annunciators, dedicated targeted recipient units,
supplementary devices, ancillary devices, and the like); and

d) Visiple signaling, including textual displays etc., as applicable.

32.4 During|the tests in Sections 32 — 46, each power-supply circuit shall be supplied fron
rated frequengy and voltage as specified in 31.1.2.

32.5 To det¢rmine if a product complies with those requirements that specify‘the applicatig
fault, adversg condition, or malfunction of specified equipment/components, the investigati
with the reprgsentative system combination in the normal supervisory condition. The fault corj

to be separa
supervisory ¢

33 In-Build
33.1 Thepr
a) Poy
b) Live
c) Cor

d) Tro
e) Cor
f) Soft

g) Intg

ly introduced, the results noted, the fault removed, and the system restored t
bndition before the next fault is introduced.

ng Mass Notification Systems — General

pbduct shall comply with the following:
ber Supplies, Section 39;
Voice and Pre-Recorded Vaice'Message Communication, Section 40;
hmon Performance and Monitoring for Integrity, Section 41;
ible Signals, Section'43;
hponents — Mohitoring for Integrity, Section 44;
vare, Section 45;

rfaces;"Section 38;

h a source of

n of a circuit
bn is to start
dition is then
o the normal

h) Co

Mbihation Q\J/cfnmc \Alith Nnn-I:mnrgnnr‘y, Qnmlrify’ Rllilding (“nnfrnle, and Ot

er Non-Fire

Equipment, Section 46; and

i) Security and Data Protection, Section 42.

33.2 The operation of any initiating input shall cause the system to produce a clearly defined output of

the type for w

hich the input/output combination is designed.

33.3 The time periods for processing and activation of signals in a worst case loaded system shall be as

follows:

a) Automatic processing and activation of

1) Mass notification alarm notification appliances,
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2) Annunciation at required operator interfaces,
3) Pre-programmed emergency audio announcement,

4) Commencement of programmed delays, and/or

5) Other local emergency control functions associated with the protected premises when
the emergency control function interface device is integral with the fire alarm system.

6) Output to separate emergency control function interface device(s).

shall not be greater than 10 seconds from the initiation of an alarm condition, or operation of a
manually-activated switch.

b) Trquble and supervisory signals and their restoration to normal shall be annuncia
actuation of pre-programmed relays, open collector outputs, and the like, within'200 s
occurrence of the adverse condition, fault, or the restoration to normal.
33.4 Mass |notification alarm, supervisory, and trouble signals shall be indicated at
locations:

a) Re

the protected premises for in-building mass notification systems; and

b) Em

33.5 Mass

distinctly diffegrent annunciation.

33.6 Audib
of producing
in the Nation
basis.

Exception: |
synchronizat]
an evacuatid
detailed in th

33.7 The standardwalarm evacuation signal described in 33.6 shall be repeated for a period

3 minutes.

quired emergency voice/alarm communications local op€erator console and AC

ergency Communications Control Unit(s), both Igcal and remote, where provide

notification alarm signals, supervisory signals; trouble signals, and other signals

e mass notification alarm notificatiehcircuits intended for evacuation shall have
the standard alarm evacuation.signal consisting of the three-pulse temporal pg

(Vhen a system is intended to provide signaling to more than one notif
jon of the audible_emergency evacuation signal pattern on a notification circuit 4
n zone basis Isacceptable. Specifics covering the installation constraints sH
e installation-wiring diagram/instructions for the control unit.

ted, including
econds of the

the following

1 locations at

o

shall result in

the capability
ttern detailed

bl Fire Alarm and Signaling Cdde, NFPA 72 and shall be synchronized on an evacuation zone

jcation zone,
asis in lieu of
all be clearly

not less than

Exception: The minimum repetition period is permitted to be manually interrupted.

33.8 During the period the mass notification system has seized control of audible and/or visible
notification appliances of a fire alarm, but before the mass notification relinquishes control, an audible and
visible signal shall be actuated by the notification appliances at least once every thirty seconds, unless
there is an active signal present, to be recognized by the usual building occupants.

33.9 The mass notification system shall have the capability to automatically revert to active fire alarm
signals and to normal standby where no fire alarm is active upon relinquish of control of the audible and/or

visible notific

ation appliances of a fire alarm.

33.10 Where visible alarm notification strobe appliances are connected to an ECS/MNS notification
appliance circuit they shall provide synchronization in accordance with the manufacturer's installation
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sheets which comply with the parameters specified in the Standard for Signaling Devices for the Hearing
Impaired, UL 1971.

33.11 A mass notification alarm signal of a unit/system shall be maintained continuously (locked in) by
the unit/system until a resetting device in the unit/system is operated manually.

33.12 Unacknowledged alarm signals shall not be interrupted if a fault on an initiating device circuit or a
signaling line circuit occurs while there is an alarm condition on that circuit.

Exception: Where the faulted circuit is used to interconnect control LOCs, ACUs or ECCUs.

33.13 An ogetpar

a) Automatically reactivate the audible and visible alarm signal at the locations\spegified in 33.4
every P4 hours or less until alarm signal conditions are restored to normal, and

b) Thg audible and visible alarm signal shall operate until it is manually silenced or acknowledged.

33.14 Wherg the system employs notification appliance circuits for connection to non-speaker based
notification appliances, the system shall have the capability to provide at least one regulated NAC circuit
as defined in

33.15 In-Bujlding mass notification systems shall be capable:of providing both live and|prerecorded
voice signals jand tone signaling.

33.16 Systems or equipment arranged to stop or reduce ambient noise shall comply with monitoring for
integrity requirements in 40.4, Common Performangé and Monitoring for Integrity, Section 41} and with the

other applicable requirements of this standard.

33.17 Prodycts utilizing a low — frequeney._component signal shall meet the requirements ¢f 40.2.7 and
40.2.8.

34 In-Buildjng Mass Notification Systems — LOC, ACU, and ECCU

341 All LOC, ACU, and ECCUs shall comply with the requirements in 41.1.1.1. Any required local
trouble annurjciation signalishall be audible and visible at each local operator interface.

34.2 When |multiple:circuits for LOCs, ACUs, and ECCUs are employed, the faults descfibed in 34.1
shall be appliedindependently to each circuit.

34.3 When the LOC(s), ACU(s) and ECCU(s) are also used for supplementary or ancillary non-
emergency purposes, they shall maintain messaging priorities specified in 35.6 and 36.3.4 respectively.

34.4 When the LOC(s), ACU(s) and ECCU(s) are also used for supplementary or ancillary non-
emergency purposes, a limited access means shall be provided to control the mass notification system
during a mass notification alarm or emergency signaling condition as specified in 40.1.7.

34.5 Where a combination of or multiple LOCs, ACUs or ECCUs are employed, the system shall be
capable of transferring control from one unit to another.

34.6 LOCs, ACUs, and ECCUs shall have the capability to transfer control by one of the following
means:
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a) Provide a grant and deny request function that includes a selectable timeout period configurable
from at least 1 to 90 seconds as determined by the Emergency Response Plan.

b) A wired or otherwise implemented hierarchy that provides a level of control that meets 34.8.

c¢) Arranged to provide equivalent transfer of control.

34.7
including the

LOC or inputs from wide-area mass notification systems.

The ACU shall have the capability to take precedence over actions taken at any remote location,

34.8 The ECS/MNS system shall be capable of supporting a hierarchical control of the following layers, if

they apply:

a) AGC
b) LO
c) EC
d) Wi

34.9 Annur
control of the

3410 The
displaying al
zones or stat

a)Th
b) An
notifid

any o

c) Th
operg

d) Th

e) WH
priorit

U!
C,
CU,

le-Area.

ciation of the system status at an ACU, LOC, or ECCU shall be consistent wi
system from that device.

visual annunciation for required ACUs or¢E€CUs shall be capable of s
initiating zones under the control of the ACU or ECCU having a status chan
us changes are not displayed simultaneously, all the following conditions apply:

indication for each type (suchias mass notification alarm, mass notification
ation supervisory) of active nan-displayed status changes shall be continuously
ff-normal condition.

e non-displayed status changes shall be capable of being displayed onl
tion(s).

b display controls shall not interfere with the normal operation of the unit, and

en concurrent signals are received, they shall be indicated as follows in desce
A

e display shall indicate the initial status,change for the highest priority type signa|.

h the level of

multaneously
ge. Where all

rouble, mass
visible during

y by manual

nding order of

34.11

1) Qignnle associated with life Q:\‘Fnh]/’

2) Signals associated with property safety,

3) Supervisory signals and trouble signals associated with life and/or property safety,

4) All other signals.

Switches employing non-electrical annunciation shall include obvious distinct indications for both

the normal and off-normal position of the switch. Utilization of the switch position does not meet the intent

of complying

with this requirement.

34.12 The signal indication resulting from the operation of a product for supervisory signals shall
automatically include distinctive audible and visual signals for both the off-normal and the restoration-to-
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normal conditions of the supervisory initiating devices. Cancellation of the off-normal signal is acceptable
annunciation for the restoration signal.

Exception: For products whose operation provide, in addition to the above, the capability of selecting
nonautomatic distinctive restoration-to-normal supervisory signals (locking in the supervisory signals until
manually reset), the installation wiring diagram/instructions for the product shall include instructions for
selecting the respective operation.

34.13 Supervisory signals shall be distinctive in sound from other signals used by the signaling system
and this sound shall not be used for any other purpose other than to also indicate a system trouble
condition. When the same sound is used for both supervisory and trouble signals, distinction between
signals shall he indicated by a visible means and silencing of a frouble signal shall not prevent subsequent

sounding of sppervisory signals.

34.14 A mepns for silencing a supervisory signal sounding appliance shall comply with all [the following
requirements

a) Limjting access by being either:

1) Key operated switch with the key removable only in thetnormal position;
2) Located within a locked cabinet complying with physical security level 1 or higher;
3) Meeting at a minimum Access Control Security Level 1; or

4) Arranged to provide equivalent protectionragainst unauthorized use.
b) Thg supervisory condition is indicated and maintained by a lamp or other visual indi¢ator.

¢) Sullsequent supervisory signals in other zones will reenergize the supervisory signal notification
appliance(s), and

d) A means that is left in the "sjlence" position, when there is no supervisory off-normal signal, shall
cause|the audible supervisory signal to sound until the means is restored to normal.

34.15 A sugervisory signal thathas been deactivated shall:

a) Automatically reactivate the audible and visible supervisory signal at the locations$ specified in
33.4 ejvery 24 hours or less until supervisory signal conditions are restored to normal, and

b) The audible and visible supervisory signal shall operate until it is manually| silenced or
acknopledged.

35 In-Building ECS/MNS Systems — Signal Priority

35.1 Signals from the ECS/MNS system shall have the capability of overriding any and all other
notification signals.

Exception: Notification appliances required to provide special fire suppression notification shall have the
capability to override the ECS/MNS signaling as described in 35.2.

35.2 An ECS/MNS shall be configurable to have a dedicated notification zone to cover the area served
by the suppression system with the capability of being muted by one of the following means:
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a) An intelligent communication interface between the fire alarm suppression system and the
ECS/MNS to mute the ECS/MNS speaker zone when special suppression notification appliances
are active in the suppression area.

b) Use a contact interface to mute the ECS/MNS speaker zone to allow the special suppression
notification appliances to take priority, or

¢) A mechanical manual release, such as a pressure switch, etc., to interface with the ECS/MNS
that would mute the respective speaker zone.

35.3 An ECS/MNS signal of a unit/system shall be capable of being maintained continuously (locked in)
by the unit/system until a resetting device in the unit/system is operated manually.

354 Live v

35.5 Live |
to the selectq

35.6 The H
messaging p
a) Liv|
b) Init
c) Init
d) No
35.7 The H
display the
displayed ev
priority local

bice signals shall override previously initiated signals to the selected zone(s).

bice signals shall have priority and shall suppress subsequent automatically in
d zone(s).

CS/MNS unit in control shall be capable of establishing “‘and maintaining
Fiorities:

B voice, initiated ECS/MNS;
ated live text to speech;
ated automatic response for ECS/MNS; and

h-emergency signals, ancillary signals, or supplementary signals.

CCU shall be capable of overriding ACU signals only when the ECCU has
ACU signaling status which includes initiating zones, notification zones, 4
ents. The ACU shall be permitted to regain control from the ECCU upon subssg
ECS/MNS events.

36 Wide Area ECS/MNS Systems

36.1 Gene

36.1.1 The

a) Po

al

productshall comply with the following:

ver Supplies, Section 39;

b) Live Voice and Pre-Recorded Voice Message Communication, Section 40;

¢) Common Performance and Monitoring for Integrity, Section 41;

d) Trouble Signals, Section 43;

e) Components — Monitoring for Integrity, Section 44;

f) Software, Section 45;

g) Interfaces, Section 38;

tiated signals

the following

capability to
nd all active
quent, higher

h) Combination Systems With Non-Emergency, Security, Building Controls, and Other Non-Fire
Equipment, Section 46; and
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i) Security and Data Protection, Section 42.

36.1.2 The operation of any initiating input shall cause the system to produce a clearly defined signal of
the type for which the combination (initiating devices, notification appliances, control units, local operator
consoles, transport equipment, etc.) is designed.

36.1.3 The time periods for processing and activation of signals in a worst case loaded system shall be
as follows:

a) Automatic processing and activation of:

1) Mass notification alarm notification appliances,

2) Annunciation at required operator interfaces,

3) Pre-programmed emergency audio announcement,

4) Commencement of programmed delays, and/or

5) Other local life-safety functions associated with the protected’premises

shall not be greater than 10 seconds from the initiation of an‘alarm condition, or operation of a
manually-activated switch.

b) Trouble and supervisory signals and their restoration.to normal shall be annuncialed, including
actuatjon of pre-programmed relays, open collector outputs, and the like, within 200 s¢conds of the
occurrience of the adverse condition, fault, or the réstoration to normal.

36.1.4 Masg notification alarm, supervisory, and trouble signals shall be indicated at the following
locations:

a) Required emergency voice/alarm.communications local operator console and ACU locations at
the protected premises for in-building mass notification systems; and

b) Emgergency Communications Control Unit(s), both local and remote, where provided.

36.1.5 Masg natification alarnisignals, supervisory signals, trouble signals, and other signals shall result
in distinctly different annunciation.

36.1.6 Widgd area.‘mass notification systems shall be capable of providing both live voice and
prerecorded Yoice signals and tone signaling.

36.1.7 The emergency communications control unit shall have the capability to monitor inputs and
control output devices/appliances automatically, manually, and automatically with operator override.
Annunciation of system status shall be consistent with the level of control.

36.1.8 The wide-area mass notification system shall have independent primary and redundant
communications ports.

36.1.9 A latching supervisory condition shall be annunciated at interconnected LOCs, ACUs, or ECCUs
as applicable, whenever the door of the enclosure of an HPSA system component is in the open position.

36.1.10 A latching trouble condition shall be annunciated at interconnected LOCs, ACUs, or ECCUs, as
applicable, whenever the HPSA has detected any internal fault conditions.
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36.1.11

ECCUs, as applicable, whenever the HPSA is active.

36.1.12 A supervisory signal that has been deactivated shall:

A non-latching monitor/other signal shall be annunciated at interconnected LOCs, ACUs, or

a) Automatically reactivate the audible and visible supervisory signal at the locations specified in
33.4 every 24 hours or less until supervisory signal conditions are restored to normal, and

b) The audible and visible supervisory signal shall operate until it is manually silenced or
acknowledged.

36.1.13 During the period the mass notification system has seized control of audible and/or visible

notification a
visible signa
there isan a

36.1.14 An
the unit/syste

36.1.15 Prq
40.2.8.
36.1.16 Un

bpliances of a fire alarm, but before the mass notification relinquishes control, a|
shall be actuated by the notification appliances at least once every thirty)se
tive signal present, to be recognized by the usual building occupants.

nass notification alarm signal of a unit/system shall be maintained ¢ontinuously
m until a resetting device in the unit/system is operated manually.

ducts utilizing a low — frequency component signal shall meet the requirements

acknowledged alarm signals shall not be interrupted if a fault on an initiating de

a signaling lime circuit occurs while there is an alarm conditionyen that circuit.

Exception: W

36.1.17 An

a) Au
36.1.4

b) T
acknd

36.2 Highl

36.2.1

here the faulted circuit is used to interconnect control LOCs, ACUs or ECCUs.

alarm signal that has been deactivated shall:

fomatically reactivate the audible and visible supervisory signal at the location
| every 24 hours or less until'supervisory signal conditions are restored to normg

e audible and visible supervisory signal shall operate until it is manually
wledged.

Power Speaker-Array (HPSA)

Power Supply

n audible and
tonds, unless

(locked in) by

of 40.2.7 and

vice circuit or

s specified in
l, and

silenced or

36.2.1.1 GTneraI

36.2.1.1.1

HPSAs are permitted to be powered from energy sources other than commercial power.

36.2.1.1.2 Photovoltaic modules and panels used in HPSA products shall comply with the requirements
of the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703.

36.2.1.1.3

Inverters and converters used in conjunction with photovoltaic panels used in HPSA products

shall comply with the requirements of the Standard for Inverters, Converters, Controllers and
Interconnection System Equipment for Use With Distributed Energy Resources, UL 1741. Charger
controllers shall comply with the requirements of Sections 70 — 79 of UL 1741.

36.2.1.2 Rechargeable batteries used as power source

36.2.1.2.1

The batteries shall be maintained in the charged state.
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36.2.1.2.2 The product’'s documentation shall specify the battery types, maximum capacity and
maximum sizes permitted to be used with the HPSA.

36.2.1.2.3 A storage battery shall have sealed cells, or cells with spray trap vents.

36.2.1.2.4 Batteries shall be located and mounted so that terminals of cells are prevented from coming
into contact with terminals of adjacent cells or with metal parts of the battery enclosure as a result of
shifting of the batteries.

36.2.1.2.5 The mounting arrangement for the batteries shall permit access to the cells for testing and
maintenance, or the product shall provide integral meters or readily accessible terminal facilities for the

i f 1 for det i bhatt It dch H t
connection of-meters-for etermining battery voltage and charging-current-

that can be
fast charge

36.2.1.2.6 A conditioning charge shall be limited so that, with the maximum rate of. €hafg
obtained, the| battery gases do not adversely affect any part of the product. The trickle an
rates of a bat{ery shall not exceed the battery manufacturer's recommended rates:

36.2.1.2.7 The battery shall be protected against excessive loading or.:charging current
current protegtive device(s).

by an over-

36.2.2 Enclpsures

36.2.2.1 General

36.2.2.1.1 H nclosures for

nclosures for

nclosures shall meet the Type 4 or 4X\requirements in the Standard for E

Electrical Eq
Electrical Eq
personnel ag

lipment, Non-Environmental Considerations, UL 50, and the Standard for E
Lipment, Environmental Considerations, UL 50E, to provide a degree of
hinst incidental contact with the enelosed equipment; provide a degree of prots

brotection to
ction against

falling dirt, rajn, sleet, snow, windblown dust,\splashing water, and hose-directed water; angd that will be
undamaged hy the external formation of iceton the enclosure.

36.2.2.2 Battery Compartment

36.2.2.2.1 A compartment forvented storage batteries shall have a total volume at least twice the

volume occu
circulation of
means incorf
permitted by
batteries.

bied by the batteries. Ventilating openings shall be provided and so located

as to permit

hir for dispersion of gas while the battery is being charged at the highest rate permitted by the

oratedin,'the control unit and while the batteries are being charged at the
the eharger. This requirement shall only apply to HPSAs permitting the us

highest rate
e of wet-cell

36.2.2.2.2 The interior of a storage battery compartment shall be protected so that it will be resistant to
detrimental action by the electrolyte and by a spill of the battery electrolyte. This requirement shall only
apply to HPSAs permitting the use of wet-cell batteries.

36.2.3 HPSA Supervision

36.2.3.1
whenever the

door of the enclosure is in the open position.

A latching supervisory condition shall be provided to the LOC, ACU, or ECCU as applicable

36.2.3.2 A latching trouble condition shall be provided to the LOC, ACU, or ECCU as applicable
whenever the HPSA has detected any of the following internal fault conditions:

a) Amplifier fault status,
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b) Driver fault status,

c)AC

d) Fai

Fail,

| or low DC battery,

e) Controller / Signal generator fault, or

f) Batt

ery Charger fault.

36.2.3.3 A non-latching monitor/other signal shall be provided to the LOC, ACU, or ECCU as applicable
whenever the HPSA or HPSA zone is active.

36.2.3.4 Cq
36.3 Priori

36.3.1 Sign
notification s

Exception: N
shall have th

36.3.2 Live

36.3.3 Live|
to the selects

36.3.4 The
messaging p|

a) Liv|
b) Init
c) Init

d) No

mmunication paths to the HPSA shall be monitored for integrity as required by’§
ies for Evacuation and Relocation Signals

als from the ECS/MNS system shall have the capability of dverriding any
gnals.

b capability to override the ECS/MNS signaling as described in 35.2.
voice signals shall override previously initiated signals to the selected zone(s).

voice signals shall have priority and shall:suppress subsequent automatically in
d zone(s).

mass notification system shall -be" capable of establishing and maintaining
Fiorities:

B, voice, initiated ECS/MNS;
ated live text to speech;
ated automatic response for ECS/MNS; and

n-emergeney signals, ancillary signals, or supplementary signals.

36.3.5 Ren

only where the.emergency communications control unit has the capability to display the appl

ote.emergency communications control units are permitted to override local fire

ection 40.

and all other

otification appliances required to provide special fire suppression pre-discharge notification

tiated signals

the following

alarm signals

cable current

status of the fire alarm signaling at the Tocal premises.

37 Distributed Recipient Mass Notification Systems (DRMNS)

371

37.1.1

Control Equipment

This section applies to the DRMNS-PREMISE-BASED and DRMNS-HYBRID-PREMISE-BASED,

per the definitions in 5.21 — 5.26, with the following characteristics in (a) and (b). Other DRMNS

configuration

s are not covered in this section.

a) PREMISE-BASED:

1) DRMNS installed on a localized premise,

2) DRMNS utilizes local notification delivery mechanisms,
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3) User data for DRMNS is stored on premise.

b) DRMNS-HYBRID-PREMISE-BASED:

1) DRMNS installed on a localized premise,

2) DRMNS is connected with a hosted off premise notification delivery services to deliver

notifications to distributed recipients,

3) User data for DRMNS is stored on premise.

37.1.2 A product employed in the generation, management and/or control of distributing emergency

messages to

37.1.3 The
a) Poy
b) Tro
c) Cor
d) Sof
e) Co

g) Seq

37.1.4 The
shall cause th
the combinati

37.1.5 The
targeted equi

37.1.6 The
and maintaini

a) Me

product shall comply with the following:
ber Supplies, Section 39;
ible Signals, Section 43, updated in accordance with 37.1.8;

nponents — Monitoring for Integrity, Section 44;

mbination Systems with Non-Emergency, Security, Building Controls, and Ot

Equii’ln
f) Compmon Performance and Monitoring for Integrity, Section 41; and

ndividual rnr\ipinni’e shall meet the Vel lirementsof 37 1

ware, Section 45;

ent, Section 46;

urity and Data Protection, Section 42(

pperation of any command to sénd emergency alerting messages to individy
e system to produce a clearly defined message or signal at the targeted equipm
pn is designed.

system shall have.the capacity to process and send emergency alerting me

distributed recipient mass notification system shall be capable of establishing
hg the.following messaging in descending order of priority:

bment in a worst case loaded system within the manufacturer’s stated time limits.

her Non-Fire

al recipients
ent for which

5sages to all

, processing

bsages associated with emergency notifications;

b) Restore or all clear notifications; and

c) Non-emergency and ancillary messages.

37.1.7 Manually actuated emergency alert messages shall take precedence over automatically
generated emergency alert messages.

37.1.8 Trouble signals associated with the distributed recipient mass notification system shall be

indicated at o

ne of the following locations:

a) Required local operator console and ACU locations at the protected premises when used in
conjunction with an in-building mass notification system;

b) Emergency Communications Control Unit(s), either local or remote; and
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c¢) Notify on-duty personnel, providing means to remotely acknowledge and silence trouble signal.

37.1.9 Any switches or controls utilized for the control of sending emergency alert messages to targeted
equipment shall be either:

a) A key-lock type, with the key removable only in the locked position;
b) Located inside of a locked enclosure complying with physical security level 1 or higher;
c) Meeting at a minimum Access Control Security Level 1; or

d) Arranged to provide equivalent protection against unauthorized use.

37.1.10 Communication links between distributed recipient mass notification control equipment and the
notification dontrol components (premise based or non-premise based) shall meet_the ‘fequirements of
42.1-42.2.3.

1) In-building mass notification systems (local or remote);
2) Emergency communications control unit(s) (local or remote);
3) Wide area mass notification systems; and

4) Other interconnected distributed recipient mass notifieation control equipment.

37.1.11 Th¢ DRMNS control equipment shall have the capability of providing a backup configuration with
automatic switch over. The switch over shall be accomplished in not more than 30 seconds, without loss of
any signals.
37.2 Premised Based DRMNS - General

37.2.1 A prpmised-based DRMNS shalk:

a) Have the ability to prioritize messages so that the higher priority messageg can always
supernsede and cover lower priority messages. When a lower priority message is [received, the
highef priority message shall still be the most visible and audible. When a higher prigrity message
is recgived, the higher priority message shall become the most visible and audible.

b) Hale the ability-to support simultaneous multiple user access.

c) Suppartuser import by some mechanism for populating contact information such|as email and
phon¢ number.

d) Have the ability to remove or disable contacts.

e) Support hardware and software redundancy and failover capability per manufacturer's
specification included in the installation documentation.

f) Provide grouping capabilities to easily target multiple recipients; support targeting of users either
individually selected, by group structure, by predefined groups, by geographical location or by

query.
g) Provide visibility of delivery status for messages, including user responses where applicable.
h) Access control security for the administration and initiation of alerts, per 42.4.

i) Audit control, if provided, shall meet the requirements of 42.7.
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j) Capable of synchronizing time from a time source external to the DRMNS every 24 hours. The
time synchronization shall occur no less than 2 seconds from the time of the external time source.

37.3 Modality Types
37.3.1 The requirements for modality types 0 — 10 are contained in 37.4 — 37.12. Any time performance
criteria are specific to the system’s capability to reach the point where the next communication step is

performed.

37.4 Type 1: DRMNS Messages to E-mail

37.4.1 The PRMNSwith-the-capabitity to-send-e-maitmessages-shatt:
a) Be able to target users per 37.2.1(f).
b) Proyide the ability to track the status of message delivery and response;
1) Level 0 — No ability to track status.
2) Level 1 — Confirmation of delivery to email delivery capability.
3) Level 2 — Confirmation of delivery to remote email-delivery capability.
4) Level 3 — Confirmation of delivery to end user.dévice or email client.

5) Level 4 — Ability to receive responses from individuals and connect those fesponses to
the original alert.

¢) Thg product shall be able to initiate delivery of messages within 10 seconds from [receipt of an
event pt the product triggering the delivery:of the message.

d) Be gonfigurable to use different Ftom or Reply To addresses for E-mails.
37.5 Type 2: DRMNS Messages to PC Pop-up

37.5.1 The PRMNS with the.capability to send PC Pop-up messages shall:
a) Proyide a meansfor installation and removal of PC Pop-up alert software.

b) Haye the ability to provide messages on PCs without action taken by the recipientjon startup or
initiatipn of alert.

c) Be abtetotargetusers per 37-2-t(f)-

d) Be able to connect to the PC and deliver a PC Pop-up message which appears in an intrusive
manner over any existing windows, while visually showing multiple concurrent messages, if
initiated. Notification Levels:

1) Level 1 — Text message to the recipient.

2) Level 2 — Text message with audio component.
3) Level 3 — Visual and audio message.

4) Level 4 — Multimedia content.

e) The DRMNS system shall have the capability to verify that the message was delivered to the
recipient.


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024 UL 2572

69

37.6 Type

37.6.1

1) Level 0 — No verification.

2) Level 1 — Capability to report that the message was actually delivered to
with or without recipient response.

3) Level 2 — Includes level 1 and recipient acknowledges receipt of message
to a question.

the recipient

via response

4) Level 3 — Includes levels 0, 1, 2 and recipient acknowledges he/she is the proper

recipient by entering a PIN code to receive the message.

5) Level 4 — Includes levels 0, 1, 2. Be able to receive a plain text response from any user

who received a PC Pop-up notification originating from the system

Level
capal

f) Be

g) Be
condi

and a

h) PrI]vide for an alert notification lifetime where PC Poprups will be delivered for n

beco
they &

i) Hs
functi

i) Initi

k) Provide the ability to see the current connection status of any computers capabl

noticq

5 2, 3, 4 should link replies / responses with the original alert within the system’s
ility.

bble to provide a link for additional information and content.

able to use the look and feel of the desktop popup to .designate differer
ions and priorities. For example, by using different colors, fonts sizes, backgro
udio tones for different emergency conditions and priorities:

ing available within a specified time period; show notification on targeted d
ecome online as long as alert is life (within notification timeline).

ve specified requirements for processor, memory and operating systen
bnality. These requirements shall be documented in the installation documentati

hte delivery of alerts to desktop recipients within 10 seconds of initiation.

S.

[) Th
instal

m) H
supe

capacity and throughput of PC desktop popup delivery will be clearly sp
ation documentation.

ve the ability.to prioritize messages so that the higher priority messageg
ede and cover lower priority messages. When a lower priority message is

5 alert logging

t emergency

unds, images

w computers
sktops when

h for proper
DN,

b of receiving

ecified in the

can always
received, the

higher priority message shall still be the most visible and audible. When a higher prigrity message

is rec

The

ivedsthe higher priority message shall become the most visible and audible.

DRMNS with the capability to send messages to a web server shall:

a) Be able to connect to the web server and deliver at a minimum a result that the web server can
display as plain text message on the web page.

b) Provide a security connection to the web server for the purposes of delivering the content for the

alert.

c) Provide a means for displaying a time stamp on the messages provided on the web page.

d) Initiate the update the content of the web server within 10 seconds of initiation of the event.
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37.7 Type 4: DRMNS Messages to Instant Message Clients

37.7.1 The DRMNS with the capability to send instant messages shall:

a) Be able to target users per 37.2.1(f).

b) Be able to connect to the Instant Message application and deliver an Instant Message.
Notification content levels:

1) Level 1 — Plain text instant message.

2) Level 2 — Plain text instant message with response options.

3) Level 3 — Level 2 with the ability to connect user with unified communication [collaboration
capability (voice conference, video conference, group chat).

c) HaVe the capability to verify that the message was delivered to the recipient.
1) Level 0 — No verification.

2) Level 1 — Track recipient acknowledges receipt of message’via response to & question.
3) Level 2 — Report recipient acknowledgement with aplain text response.

4) Level 3 — Includes levels 0 and 1 and recipient acknowledges he/she is the proper
recipient by entering a PIN code to receive the message.

Levelq 1, 2, 3 should link replies / responses witlrthe original alert within the system’s|alert logging
capabjlity.

d) Prdvide for an alert notification lifetime *where an Instant Message will be delivefed for users
beconing available within a specified:time period.

e) Initipte communication to instant-messages services within 10 seconds of initiation ¢f the event.
37.8 Type 5: DRMNS Messages:to' SMS Text (short message service)

37.8.1  The PRMNS with the ¢apability to send messages in a SMS text format shall:

a) Be able to target'users per 37.2.1(f).

b) Be jable t0 connect to SMS providers to send a plain text SMS Text for delivery t¢ the user on
their §MSydevice.

c) Have the capability to verify that the message was delivered to the recipient. Levels 1, 2, 3
should link replies / responses with the original alert within the system’s alert logging capability.

1) Level O — No verification.
2) Level 1 — Track recipient acknowledges receipt of message via response to a question.
3) Level 2 — Report recipient acknowledgement with a plain text response.

4) Level 3 — Includes levels 1 and 2 and recipient acknowledges he/she is the proper
recipient by entering a PIN code to receive the message.

d) Be able to automatically break long message into multiple transmissions, while clearly indicating
part X of Y parts.


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024

UL 2572

71

e) Initiate communication to SMS within 10 seconds of initiation of alert.

37.9 Type 7: DRMNS Messages to Phones

37.9.1

37.9.2 -37.9.9.

A DRMNS with the capability to send voice messages to phones shall meet the requirements of

37.9.2 The voice phone notification capability shall be provided via an interface to a phone system (PBX
or IP/SIP), or via a hosted telephony natification service.

37.9.3 The product documentation shall specify what phone systems are supported, in what

configuratio
37.94 The

37.95 The
capability.

37.96 The
phone. Leve
capability.

a)lLe

b) Le

o 4 + dloo i od '
o, AU TIUVW 1TU STLUP 1T 1T ILCUIGLIUI 1.

product documentation shall specify supported capacity and throughput.

DRMNS system shall have the capability to verify that the message was de
s 1, 2 should link replies / responses with the original.alert within the system’s

el 0 — No verification.

vel 1 — Recipient acknowledges receipt of thessage via response to a questi

tone multi frequency DTMF.

c) Le
code

37.9.7 Be 4
machine / vo

37.9.8 Besd

el 2 — level 1 and recipient acknowledges he/she is the proper recipient by ¢
o listen to the message.

ble to detect and report delivery to live person (per verification levels in 37.9.
ce mail, busy tone, or wrong number.

ble to deliver phonenotifications to multiple numbers per recipient (home phong

mobile phong, etc).

te communication to phone notification function within 10 seconds of initiation o

8: DRMNS Messages to Pagers

DRMNS system shall supervise the connections to the phone system or phone notification

ivered to the
alert logging

bn using dual

ntering a PIN

b), answering

, work phone,

alert.

37.9.9 Initig
37.10 Type
37.10.1

37.10.2 and 37.10.3.

A DRMNS with the capability to send text messages to a pager shall meet the requirements of

37.10.2 The DRMNS system shall have the capability to verify that the message was delivered to the
pager. Levels 1, 2 should link replies / responses with the original alert within the system’s alert logging

capability.

1) Level 0 — no verification.

2) Level 1 —level 0 and if sending to a 2-way pager, recipient acknowledges receipt of message via

respo

nse to a question.

3) Level 2 — levels 0 and 1 and if sending to a 2-way pager, recipient acknowledges he/she is the
proper recipient by entering a PIN code to receive the message.
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37.10.3
3711 Type

37.11.1
requirements

9: DRMNS Messages to Hand-Held Radios

of 37.11.2 and 37.11.3.

Initiate communication to pagers delivery capability within 10 seconds of initiation of alert.

A DRMNS system with the capability to send alerts to two-way radios shall meet the

37.11.2 The DRMNS system shall have the capability to verify that the message was delivered to the
radio. Levels 1, 2 should link replies / responses with the original alert within the system’s alert logging

capability.

a) Lev

el 0 — no verification

b) Le
respo

c) Lev
(priva

37.11.3  Initi

3712 Type

37.121 AD
of 37.12.2 an

I 1 —level 0 and if sending to a 2-way radio recipient acknowledges receipt of
se to a question.

el 2 — levels 0, 1 and support of radio vendor based secure message delivery
y tones, etc).

ate communication to hand-held delivery capability within 10 seconds of initiatior
10: DRMNS Messages to a Social Network

RMNS with the capability to send messages to. a'social network shall meet the
j 37.12.3.

37.12.2 The
and integratid

DRMNS installation documentation shall clearly specify what social networks 4
n requirements and setup procedure.

message via

mechanism.

of alert.

requirements

re supported

37.12.3 Thg DRMNS shall:
a) Belable to connect to the Social network while optionally designating what account / feed to
update.
b) Be able to deliver at. a minimum a text message to update the social network account / feed.
c) Proyide a secure\connection to the social networks for the purposes of delivering the content for
the algrt.
d) Initipte.the update the content of the social network within 10 seconds of initiation of{the event.
38 Interfaces
38.1 General
38.1.1 Where an interface is employed to coordinate the signals with a fire alarm system, it shall have

the capability

of the following:

a) A trouble signal indicating the failure of any component on one system that could impair the
operation of the other, at the impaired system control unit’s required operator interface(s).

b) Provide an indication of the following conditions:

1) Annunciate a “MNS Active” signal to the fire alarm system when the ECS/MNS is active

in an emergency condition, and
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2) Indication to the ECS/MNS when the fire alarm system is active in an emergency

condition.

c¢) Provide information to the fire alarm system, to override the fire alarm system's notification
appliances, which causes the fire alarm system to deactivate audible and visible notification
appliances, where applicable, which interfere with the mass notification system signaling, and

d) Provide for initiation of a supervisory signal at the operators interface of the fire alarm system
indicative of the mass notification system overriding the fire alarm system’s notification appliances,

when

applicable.

e) A manual means shall be provided at each mass notification system to relinquish control to the

fire al

38.1.2 Soft

38.1.3 Con
Components

38.1.4 Unlg
meet the req

38.1.5 Inte
46, Combin
Equipment.

38.1.6 Eac
sections 38.4

configuration.

38.1.7 Unle
requirements

38.2 Abno
38.2.1 The
38.2.2 The

There shall
current meag

rmsvstem
Y -

ponents of the interface shall be monitored for integrity as_fequired by
— Monitoring for Integrity.

ss modified by the specific TC classification, interconnections’to and from the i
hirements of Section 41, Common Performance and Monitoring for Integrity.

btion Systems With Non-Emergency, Security,» Building Controls, and Ot

N interface shall be classified by one .or more of the technical configurations
) to 38.8, based upon compliance withvthe functional requirements for the respeq

ss specifically modified in this section or the respective technical configura
, the common requirements*of 38.1.1 — 38.1.6 apply to all interfaces.

'mal Operations
requirements\of 38.2.1 — 38.2.6 apply to products classified TC 4.

product.is to be operated under the most severe abnormal conditions encounte
pe noemission of flame or molten metal, or any other manifestation of a fire,
uremrents during and after the test shall be within the values specified in Lea

Section 60. T

vare utilized in the interface shall meet the requirements of Section 45, Softwarg.

Section 44,

nterface shall

faces to non-emergency and/or non-fire equipment shall meet the requirements of Section

her Non-Fire

described in
tive technical

ions function

ed in service.
and leakage
age Current,

e intended-operation of the ECS/MNS systermshattbe unaffectedas aresutt ol

[ this test.

38.2.3 Each fault condition (see 38.2.6) is to be maintained continuously until constant temperatures are
attained or, if the fault does not result in the operation of an overload protective device, until burnout

OcCcurs.

38.2.4 The test is to be conducted with the unit connected to a rated circuit source of supply. A single
layer of cheesecloth is to be loosely draped over the entire unit with the cloth within 1/8 inch (3.2 mm) of
openings in the overall enclosure.

38.2.5
Voltage-With

38.2.6 The

stand Test, Section 64.

following are abnormal test conditions:

Immediately following the test, the unit shall comply with the requirements in the Dielectric
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a) Individually shorting interface circuits to earth ground,

b) Sep

c) App

arately shorting circuits together, and

lying 240 volts, 50 — 60 Hz, 40 Amps to each interface circuit.

38.3 Limited Energy

38.3.1

The requirements of 38.3.2 apply to products classified TC 1 or TC 2.

38.3.2 All electrical circuits shall meet the classification of CL2 or CL3 Circuits, as required by the Class

2 and Class 3

Circuits Test, Section 52.

38.4 Transi

38.4.1 Allel

a) Meg¢t the requirements of the Input/output (low voltage) field wiring transients test, 6|

b) Be
Proted

38.4.2 For
minimum eleq

38.5 Audio
38.5.1 Thes
38.5.2 Maxi
38.5.3 Mea

38.6 Techn
Control Outy

ent Protection

ectrical circuits shall:

provided with transient protection that complies with the“fequirements of
tors for Data Communications and Fire Alarm Circuits, UL497B.

nhon-audio or video interface circuits, all dry cqntacts used in any interface
trical rating of 0.5 amperes at 30 VDC, resistive:

Interface Circuits

e requirements apply to products classified TC 1 or TC 2.

mum 1% THD+N total harmonic distortion (THD) through interface.
surements of distortion are/to be made over the range of 400 to 6500 Hertz.

cal Configurations(TC) 1 and 2 — General Physical Media Connected Anal
ut

Figure 38.1
TC 1 & 2 - Analog Audio and Control Interface

1.4, or

Standard for

shall have a

bg Audio &

B —

Wiring to system

su0644a

Output Audio
Interface : Interface
Return Audio
Configuration #1 urn Audl Configuration #2
Transmitter (Host) > Receiver

Output contacts from host

Confirmation signals to host

Wiring to system
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38.6.1

ATC 1 (transmitter) and TC 2 (recipient) system shall comply with all of the following:

a) ATC 1 and/or TC 2 Interface that is powered independently of the TC 1 or TC 2 interconnected

system

shall meet the requirements of Section 13 for primary and secondary power.

b) Interconnecting wiring/paths shall meet the requirements of Section 41, Common Performance
and Monitoring for Integrity.

c) Audio signal shall be sourced from TC 1 system, presented and connected to the TC 2 system
and returned via separate terminals and wires/cables to the TC 1 system via the TC 1 and TC 2

interf:

d) TG
shall

ifed by Section 43, Trouble Signals, within 200 seconds if the audio path is inter
n.

1 interface shall provide the following relay contacts t6.the TC 2 interface and
provide relay contact acknowledgement of signal-receipt that shall be monitgred by TC 1
interface:

1) Audio supervision signaling level shall be 1 VRMS at 1000Hz (0 dB).
2) Audio message signaling level shall be 1 VRMS (0 dB).

3) Each TC 1 or TC 2 Interface contains one audio path.

1) Request to activate audio: Activation of this signal indicates that the T
transmitting analog audio information to{the TC 2 system for processing. Th
cause the TC 2 system to cease any and all audio operation that it is pe
capable of performing. If this signal is active in combination with optional
(separate relay and confirmation-signal per zone), the audio shall be trans
activated zone(s). If optional zone control relays are not activated, the TC 2
operate in an “all signal” (“all’call’) mode.

2) Request to Manage Evacuation Signals: Activation of this signal indicates t
evacuation signals). visible or audible if provided and controlled by TC
coordinated with JTC 1 to ensure that all notification appliances, whose op
interfere with._the intelligibility of the mass notification message, or that
conflictingsinformation to occupants are managed

3) Reguest to Manage Visible Alert Signals: Activation of this signal indicates t
ALERT visible signals, if provided and controlled by TC 2, must be coordinate
ensure that all notification appliances that may deliver conflicting information

condition, as
upted for any

'C 2 interface

1 system is
s signal shall
forming or is
zone control
mitted to the
systems shall

b TC 2 that all
2, must be
eration could
may deliver

b TC 2 that all
j with TC 1 to
to occupants

are managed.

4) Zone Control (Optional): Zone Control shall include one or more

zone control

relay/monitoring pair. If the Request to Activate ECS/MNS Audio and/or Visible signal is
active and this/these signal(s) from the TC 1 system to the TC 2 system is not active, the TC

2 systems shall operate in an “all signal” (“all call) mode. If the request to act

ivate signal is

active and one or more zone signal(s) from the TC 1 system to the TC 2 system is active,
the TC 2 systems shall operate its notification appliances based on active zone control(s),

separate output relays and monitoring circuits per zone.

e) TC 2 system shall provide confirmation signal relay contacts to be monitored by the TC 1 system
interface for the following commands. Each confirmation signal shall be displayed in the respective
monitored system and shall be unique for the respective condition:
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f) Inte
condit
the re
cause

reciprgcal system is not required.

g)TC

1) Request to activate audio: This relay contact shall transfer in the TC 2 interface when the
TC 2 system is ready to broadcast the TC 1 audio stream.

2) Request to Manage Evacuation Signals: This relay contact shall transfer in the TC 2
interface when the TC 2 system processed the evacuation signal control logic.

3) Request to Manage Visible Alert Signals: This relay contact shall transfer in the TC 2
interface when the TC 2 system processed the visible alert signal logic.

4) Zone Control (Optional): Where employed, a separate relay contact shall transfer in the
TC 2 interface for each zone input when the TC 2 system is ready to broadcast TC 1 audio
stream over the designated zone.

face trouble condition. When either the transmitter (TC 1) or recipient (TC 2)\gystem is in a
on where the interface operation may be impaired, relay shall transfer that|is monitored by
Ciprocal system and annunciate a supervisory signaling condition. The relay transfer shall not
the reciprocal system to be placed in the trouble condition. A confirmation signal back to the

D is required to manage its notification appliances such that:

1) Audible evacuation signals are suspended by TC 2 ifCany zone(s) for whigh audio from
TC 1 is indicated upon activation of Request to Activate Audio.

2) Evacuation signals are only presented in the.zone(s) indicated when Requept to Manage
Evacuation Signals is activated, even if TC 2‘would otherwise present Evacuation Signals in
other zone(s).

3) Visible Alert Signals are only presented in the zone(s) indicated when Request to
Manage Visible Alert Signals is activated, even if TC 2 would otherwise present Visible Alert
Signals in other zone(s).

4) Zone Control, in an absence of a request to Manage Evacuation Signals, would not have
an effect on the Evacuation Signals (audible or visible) maintained by TC 2;[ subject to 1
above.

5) When the same strobe is used for Evacuation and Alert purposes, they shall be
considered Evacuation Strobes first, and Alert Strobes only if no Evacuation| Condition is
established.in that zone(s).
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38.7 Technical Configuration (TC) 3 — Proprietary Interface Data

Figure 38.2
TC 3 - Proprietary Interface

SLC/CLC
Interface Interface
Configuration #3 Configuration #3 —
Wiring to systerp Franseeirer Franseeiver Niring to system
Signals

Proprietary Digital Interface

su0646a

38.7.1 ATQ 3 interface shall comply with the following:
a) Hopt and interfaced system shall be cross-evalGated and determined to be compatible,

b) Each TC 3 rated interface shall meet the.requirements of this standard or Standdrd for Control
Unitsjand Accessories for Fire Alarm Systems, UL 864, and

c) The installation instructions forthe TC 3 interface shall specify compatible models of
corregponding TC 3 interfaces.

38.8 Technical Configuration (TC) 4 — Isolation Interface

Figure 38.3

TC 4 Isolation Interface

Interface Signal Non UL 864/2572
Configuration #4 System

Supervised wiring to
UL 864/2572 system

Wiring to system

su0655a
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38.8.1 ATC

4 interface shall comply with the following:

a) Comply with the Standard for Control Units and Accessories for Fire Alarm Systems, UL 864
and/or this standard,

b) All wired circuits not intended to be solely connected to products meeting the requirements of
Standard for Control Units and Accessories for Fire Alarm Systems, UL 864, Standard for

Information Technology Equipment — Safety — Part 1:

General Requirements, UL 60950-1,

Standard for Audio, Video, and Similar Electronic Apparatus — Safety Requirements, UL 60065, or
this standard, shall be tested in accordance with 38.2, Abnormal Operation,

c) An open short circuit, or a ground fault on each wired circuit not connected to product(s)

meeti
monlt(
this st

d) WH
proteg

e) Inte
f) Sign
g) Pro

PERFORMA

39 Power Supplies

39.1

39.1.1 Each
secondary), ¢

Exception NQ.
intended for wise by an individual recipient complying with 39.5 are permitted to use a primag

the sole sour

Exception Ng.

Power Suppl
independent

General

ring for mtegrlty of mterconnected equment meetmg the requwements of U
hndard,

ere overcurrent protection is provided to meet the requirements'of (b) an
tion shall be non-interchangeable,

rconnections to and from the interface are not required to be monitored for integ
al priority shall meet the requirements of Section 35 and 3613, and

Huct shall be marked “Assessed for electrical isolation.only and not functional pe

NCE — COMMON REQUIREMENTS

product shall be supplied.by at least two independent power sources (one prin
ach of which is able to separately power the product.

1: Dedicated targeted distributed recipient mass notification emergency ale
be of power.
2: Products deriving power from separate equipment complying with the

es for-Fire Protective Signaling Systems, UL 1481, and which are supplied by
bower sources.

operation or
| 864 and/or

d/or (c), the

rity,

rformance”.

hary and one

rt equipment
ry battery as

Standard for
at least two

Exception No. 3: Low power radio transmitters complying with 39.4 are not prohibited from using a primary
battery as the sole source of power.

Exception No. 4: HPSAs complying with 39.6 are not prohibited from using a primary battery as the sole
source of power.

39.1.2 The interruption and restoration of any source of electrical energy connected to a product shall
not cause an emergency/mass notification alarm signal or trigger the sending of emergency alert
messages to distributed recipients.

39.1.3 Transfer of the operating power to the secondary power source or return to the primary operating
power source shall not cause the loss of any latched emergency alarm condition or trouble or supervisory
signaling condition, or in process emergency alert messages to distributed targeted equipment.
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39.1.4 A visual “power-on” indication, visible after the product is installed, is to be present on all products
employing an operator interface. A unique character presentation on a display device meets the intent of
this requirement.

39.2 Primary power source

39.2.1

All primary power source(s) shall be monitored for the presence of voltage at the point of

connection to the product such that, after reaching the voltages specified in 39.2.3, the following shall

occur:

a) An audible and visual trouble signal shall be annunciated at the protected premise for all
products located at a protected premises;

b) A frouble signal shall be transmitted for remote station, central station, and) pr
prote¢ted premises units after a delay of between 60 and 180 minutes.

Exception: Products are not prohibited from providing capability of selecting that the [

failur
60—

c) Eit
statio

Excef
the fa

39.2.2 The
a)Aq
b) Th
39.2.3 Ope

within 10 se
and while m3

a) Tofial instantaneous loss of primary power.

b) De

Transfer to t
Restoration

trouble signal transmission be delayed other time periods, inclading no delay,
80 minute delay is also included.

ner an audible- or visual-only trouble signal, or both, shall~be annunciated at th
h for supervising station equipment.

ption: The primary power source of constantly attended supervising-station equ
it condition is obvious to the operator on duty:

requirement of 39.2.1 does not apply to the.following circuits:
ower supply for supplementary equipment.

b neutral of a three-, four-, or fiveswire AC or DC supply source.

rating power of the productshall automatically be transferred to the secondary
tonds without required- signals being lost, interrupted, or delayed by more tha
intaining compatibility‘of connected equipment when each of the following cond

gradation‘ef-primary power to the point of transfer to secondary power.

e secondary power source shall not occur below 85 nor above 90 percent of

bprietary-type

rimary power
provided the

e supervising

ipment, when

power source
h 10 seconds
tions occur:

rated voltage.

pf'the primary operating source to a value of not more than 90 percent of rated

voltage shall

resultin the t

ransfer of product operation to the primary operating source within 30 minutes.

Exception No. 1: A lower transfer cutout voltage is not prohibited when operation of the product is not
impaired and compatibility of connected appliances is maintained.

Exception No. 2: The transfer for equipment located at a supervising or subsidiary station shall occur
within 60 seconds and required signals shall not be lost, interrupted, or delayed more than 90 seconds
after occurrence of the indicated conditions.

39.2.4 For units employing a rechargeable battery as the secondary power source, that does not utilize a
transfer cutout scheme (such as a float-type battery charger), the trouble indication required by 39.2.1
shall occur as described in 39.3.5.
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39.2.5 For units employing an uninterruptible power source, a trouble signal shall be initiated when the
uninterruptible power source system switches from the primary power source to the secondary power

source.

39.3 Secondary power source(s)

39.3.1

All secondary power source(s), other than those used solely to sustain time and date functions or

volatile memory, shall be monitored for the presence of voltage at the point of connection to the product

such that loss

of voltage shall result in:

a) The annunciation of an audible and visual trouble signal at the required operator interface(s),

such a

s LOCs and/or ACUs, for any product located at the protected premises;

b) The
station

c) The
centrag

39.3.2 The

indications, ¢xcluding the alternating current (AC) power indicatof,) when powered so

secondary po
Exception: A

required to r
results in an g

39.3.3 Stan
memory, shal

39.3.4 Prod

integrity of the battery-charging circuit

39.3.5 With
trouble signal

transmission of an off-premises trouble signal for interconnected remote Cent
(s); and

annunciation of either an audible- or visual-only trouble signal, or both, at 24
| command station equipment.

system shall produce the same alarm, supervisory, and ‘trouble operation

wer source as when the product is connected to its primary power source.

mplifiers for a mass notification audio announcement and paging alarm sy
bmain energized when they automatically reénergize for alarm and failure of
udible trouble signal when an alarm is present on the system.

be rechargeable.

Lcts employing rechargeable batteries as the secondary power source shal

regard to 39.3.4, products employing voltage controlled charging methods s
when the charging/oltage decreases below the marked nominal rated battery v

al command

hour manned

signals and
ely from its

tem are not
an amplifier

by batteries, other than those used’solely to sustain time and date functiops or volatile

monitor the

hall initiate a
oltage.

5 are met:

39.4 Primafy Batteries
39.4.1 A prijnary battery is not prohibited from being used when all of the following condition
a) The—capacityofthe—primarybattery—shaltbe—monitored—for—integrity—Fhe—bat

monitored while loaded by:

1) Transmission of the transmitter, or

2) A load equivalent to the load imposed by transmission.

ery shall be

b) A required battery trouble status signal shall be transmitted to the receiver/signaled to the LOC,
or ECCU for a minimum of 7 days before the battery capacity of the transmitter/product has
depleted to a level insufficient to maintain proper non-alarm operation of the transmitter/product.
The battery trouble signal annunciation at the receiver/control unit is not prohibited from initially
being delayed up to 4 hours. The battery trouble signal shall be retransmitted at intervals not
exceeding four hours or the product locks in the signal to the LOC, ACU or ECCU until the battery
is replaced.


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024

UL 2572 81

c) The battery (of the transmitter/product) shall be capable of operating the transmitter/product,
including the initiating device (if powered by the same battery), for not less than 1 year of normal
signaling service before the battery depletion threshold specified in (b) is reached.

d) Annunciation of the battery trouble status signal at the receiver/control unit shall be distinctly
different from alarm, supervisory, tamper, and initiating circuit trouble signals. It shall consist of an
audible and visual signal that shall identify the affected transmitter.

e) The audible trouble signal of the receiver/control unit is not prohibited from being silenceable
when provided with an automatic feature to resound the signal at intervals not exceeding 4 hours.

f) The battery trouble status signal shall persist at the receiver/control unit until the depleted battery
has b,

enraenlaced
P -

g) Any mode of failure of a primary battery in device shall not affect any other device .
h) Each transmitter/product serves only one device and is individbally iderftified at the
receiyer/control unit.

39.5 Primary Batteries — DRMNS

39.5.1
targeted dis
recipient whe

39.5.2 Non

a) Th
monif]

b) A
signa
deple]
signa
days

C)Ar

A piimary battery is not prohibited from being used as the sole source of power

ributed recipient mass notification emergency alért) equipment for use by
n all of the conditions of 39.5.2 or 39.5.3 are met.

trechargeable primary batteries shall meet afbthe following conditions:

pred while loaded by:
1) The actual intended use including the transmission of the transmitter, or

2) A load equivalent toXthe load imposed by the actual intended use,
transmission of the transmitter.

specific battery trouble status signal shall be annunciated visibly and with a u
for a minimum yof 7 days at the product before the battery capacity of the
fed to a levelinsufficient to maintain proper operation of the product. The b
shall be{repeated at intervals not exceeding 60 seconds for a minimum of }
Lintil the battery is replaced.

bquired battery trouble status signal shall be transmitted to the location(s) descr

for dedicated
an individual

e capacity of the primary battery shall be monitored for integrity. The baftery shall be

including the

hique audible

product has
attery trouble
[ consecutive

bed in 37.1.8

£ 7 Aoz bhafaor, +h battar s o H £ 4+l Bracdkiat b danl
LLELLLE A= IR N BNV I | uayO VCTUTC  UI1c UaLLUIy uapaully Ul uic prouuct 1ido UTPICU

ted to a level

for a

insufficient to maintain proper operation of the product. The battery trouble signal annunciation at
the location described in 37.1.8 unit is not prohibited from initially being delayed up to 4 hours. The
battery trouble signal shall be retransmitted at intervals not exceeding four hours until the battery is
replaced.

d) The battery (of the product/transmitter) shall be capable of operating the transmitter for not less
than the minimum service time specified by the manufacturer for normal signaling service before
the battery depletion threshold specified in (c) is reached.

e) Annunciation of the battery trouble status signal at the location(s) described in 37.1.8 shall be
distinctly different from other trouble signals. The annunciation shall identify the affected
transmitter.
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f) The audible trouble signal at the location(s) described in 37.1.8 is not prohibited from being
silenceable when provided with an automatic feature to resound the signal at intervals not
exceeding 4 hours.

g) The battery trouble status signal shall persist at the location(s) described in 37.1.8 and at the
product until the depleted battery has been replaced.

h) Any mode of failure of a primary battery in a targeted recipient product shall not affect any other
targeted recipient product.

i) Each transmitter serves only one targeted recipient product and shall be individually identified at
the location(s) described in 37.1.8.

39.5.3 Rech

a) Th
monitg

b) A s
signal
The b
produ

c)Arsg
beforg
batter
initially
not ex
d) The
than t
the ba
e)A

trans

n
distinitly different’ from other trouble signals. The annunciation shall identify

argeable primary batteries shall meet all the following conditions:

=)

e

red while loaded by:
1) The actual intended use including the transmission of the transmitter, or

2) A load equivalent to the load imposed by the actual intended use, i
transmission of the transmitter.

pecific battery trouble status signal shall be annufciated visibly and with a un
before the battery capacity of the product has depleted to a level of 25% of rza
pttery trouble signal shall be repeated at intervals not exceeding 60 seconds
Lt begins the recharging process.

quired battery trouble status signal shall*be transmitted to the location(s) descri
the battery capacity of the productihas depleted to a level of 10% of rated ¢
trouble signal annunciation at the location described in 37.1.8 unit is not pr
being delayed up to 4 hours. The battery trouble signal shall be retransmitte
ceeding four hours until the product begins the recharging process.

battery (of the product/transmitter) shall be capable of operating the transmittsg
ne minimum service-time specified by the manufacturer for normal signaling s
ttery depletion threshold specified in (c) is reached.

unciation of:the battery trouble status signal at the location(s) described in 37
itter.

audible trouble signal at the location(s) described in 37.1.8 is not prohibite

capacity of the primary battery shall be monitored for integrity. The batiery shall be

ncluding the

ique audible
ted capacity.
for until the

bed in 37.1.8
apacity. The
bhibited from
d at intervals

r for not less
ervice before

.1.8 shall be
the affected

d from being

f) The

silienceable when provided with an automatic feature to resound the signal at intervals not
exceeding 4 hours.

g) The battery trouble status signal shall persist at the location(s) described in 37.1.8 and at the
product until the product begins the recharging process.

h) Any mode of failure of a primary battery in a targeted recipient product shall not affect any other
targeted recipient product.

i) Each transmitter serves only one targeted recipient product and shall be individually identified at
the location(s) described in 37.1.8.
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39.6 Primary Batteries — HPSA

39.6.1

for high powered speaker arrays when all of the following conditions are met:

A rechargeable primary battery is not prohibited from being used as the primary source of power

a) Each product shall be supplied by at least two independent power sources, primary batteries for
product operation and a second source to charge the primary batteries.

b) The interruption and restoration of any source of electrical energy connected to a product shall
not cause an emergency alarm signal.

c) A

prodyets
meets$

d) Th
mem(
such
the af

e) Th
is affd

f) Reg

g) Wi
when

h) Th
Curre

Excef
suffic
at full
40 Live Vo
40.1 Gene
40.1.1 Micn

visual "power-on"

the intent of this requirement.
primary batteries, other than those used solely to sustain time and date|functi
bry, shall be monitored for the presence of voltage at the point of econnection t
hat loss of voltage shall result in the annunciation of a trouble signal within 2(

pplication of the fault.

e product shall monitor the integrity of the battery charging’circuit such that whe
cted for a time period of 24 consecutive hours, a trouble, signal shall be annunci

uired trouble signals shall be annunciated at the locations specified in 36.1.4.

e combination of charger and batteries‘shall meet the requirements defined for
nt Test in Section 55, with the following exception:

ption: Without connection to the charging supply, the rechargeable batterig
ent capacity to operate the product for 7 days in standby followed by 60 minute
load.

ce and Pre-Recorded Message Communication

al

pphone.and or telephone handset connections used with ECCU, ACU, or

provided, shTII be monitored for integrity such that loss of connection results in a trouble sign

indication, visible after the product is installed, is to be p

resent on all
isplay device

bns or volatile
o the product
0 seconds of

n the integrity
hted.

h regard to (e), products employing voltage centrolled charging methods integrity is affected
the charging voltage decreases below the marked nominal rated battery voltagd.

the Charging

s shall have
5 of operation

LOC, where
.

Exception No. 1: Microphone and telephone handset cables located within a key locked cabinet are not
required to comply with this requirement.

Exception No. 2: Supervised devices that do not require a handset or external microphone to perform their
function are not required to comply with this requirement.

40.1.2 Allrequired annunciation shall be at the LOC, ACU, and/or ECCU portion of the system.

40.1.3 Where a combination of or multiple ECCUs, ACUs, or LOCs are employed, only one control

location shall

have control of a notification zone at a time.

40.1.4 Each ACU shall have the capability to provide the specific individual control status of each LOC

controlled by

the respective ACU.
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40.1.5 There shall be a visible indication at all control locations indicating that another location is in
control.

40.1.6  When a control location is indicating that it is not in control, it is prevented from acting as if it is in
control.

40.1.7 Any switches and/or controls utilized for the control of emergency voice/alarm communications
shall be either:

a) A key-lock type switch, with the key removable only in the locked position;

b) Located inside of a locked enclosure complying with physical security level 1 or higher;

c) Meg¢t at a minimum Access Control Security Level 1; or

d) Arranged to provide equivalent protection against unauthorized use.
40.2 Functional sequence

prerecorded
the following

40.2.1 In response to an initiating signal indicative of an emergency, systems providing
voice/alarm cpmmunication messages and/or signals shall minimally, bé_capable of providing
functions:

a) Automatic activation of an evacuation signal to any or all zones in the system, cq
minimpm of two cycles of the standard alarm evacuation signal consisting of the
tempaoral pattern detailed in the National Fire Alatm and Signaling Code, NFPA 72 f
recorded evacuation message to any or all zoné&s:in the system,

ion No. 1: Products intend to be constantly attended by trained operators with d
ond response need not provide automatic response.

jion No. 2: High power speaker array(s) need not provide the ANSI S3.41 audib

jon: Pleducts intend to be constantly attended by trained operators with capa
response need not provide automatic response.

nsisting of a
three-pulse
ollowed by a

apability of a

e evacuation

of 1 second
m. The alert
Preempting

bility of a 30-

manual activation by zone is permitted.

is. Additionally,

d) If a previously initiated recorded message is interrupted by live voice instructions, upon releasing

of the microphone, the previously initiated recorded messages to the selected natifi
shall have the capability of not resuming play automatically.

cation zones

40.2.2 When provided in addition to that described in 40.2.1(b), other functional sequences are not
prohibited.

40.2.3 When provision is made for the manual selection of evacuation signaling zones for the purpose of
initiating tonal, prerecorded voice, or live voice evacuation messages and/or signals, the manual
selections shall override conflicting automatic zone selections.
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40.2.4 Manually initiated sources (tone generator, prerecorded message, or live voice) shall take
precedence over automatically initiated sources.

40.2.5 For systems providing live-voice communication, manual paging shall automatically be given
precedence over all other evacuation signals and prerecorded messages whether previously or
subsequently initiated.

Exception: Notification appliances required to provide special fire suppression notification shall have the
capability to override the ECS/MNS signaling as described in 35.2.

40.2.6 Systems employing multiple notification circuits or addressable notification appliances shall be

o activate or

capable of
deactivate si

40.2.7 Proq
shall comply
Format in th
Accessories,

40.2.8 The
to the output

ranaina-multinle natification circuits and addressable natification annliances
gHg P PP

multaneously, either automatically or by a common manual control.

ucts utilizing a low-frequency component for the pre-alert signals required by 4
with the signal format described in the section for Determination, 6f Low Freq
e Standard for Audible Signaling Devices for Fire Alarm and Sighaling Syste
UL 464.

signal components for the low frequency audio needed toymeet 40.2.7 from to
speaker shall be described in the installation instructions for the product.

40.3 Display information

40.3.1 Aco

a) Th
when
repro
activa

b) Th
call, g

40.3.2 Non
for both the

ntinuously displayed visual indication shallbé’provided for the following conditio|

e on/off status of all evacuation signaling or alert zones (zones are to be co
an evacuation signal, pre-alert tone, recorded message, or live voice mesg
juced by the speakers of that zone, regardless of whether it was automaticall
ted).

b off-normal status of all_control switches (this includes zone select, manual e
nd page controls).

Blectrical visual annhunciation integral with a switch shall include obvious distin

0.2.1 (a) — (c)
uency Signal
ms, Including

he generation

ns:
nsidered "on"

age is being
y or manually

acuation, all-

ct indications
oes not meet

normal and off:-normal position of the switch. Utilization of the switch position d
the intent of gomplyingwith this requirement.

40.4 Monitpring‘integrity

40.4.1 Failure of any component in the audio chain (such as amplifiers, preamplifiers, malfunction of a
pre-recorded message device, displacement of a pre-recorded message medium, primary tone
generators, products translating or converting the audio signal and interconnected wiring) resulting in the
loss of emergency signaling capability shall cause an audible trouble signal. Compliance is to be verified
with the system in the normal supervisory condition and repeated with the system in the alarm condition.

Exception No. 1: This requirement does not apply to amplifiers and tone generators that are enclosed as
integral parts and provide signals to a single speaker.

Exception No. 2: Wiring internal to a mechanically protected enclosure is not required to be supervised.

40.4.2 Emergency voice/alarm systems sharing components, circuitry and installation wiring with non-
emergency and non-fire systems shall comply with Combination Systems with Non-Emergency, Security,
Building Controls, and Other Non-Fire Equipment, Section 46.
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41 Common Performance and Monitoring for Integrity

41.1 General Requirements for Common Performance and Monitoring for Integrity

41.1.1 General

41.1.1.1  All means of interconnecting equipment, devices, and appliances, except as modified in 41.2 —
41.6, shall be monitored for integrity of the interconnecting conductor(s) and/or equivalent path(s) so that
the occurrence of a single ground, single open, or adverse condition shall automatically result in a trouble
signal.

4
1.

41112 Th + - 4.4 .4 4 ol 4 | 4 Llo £o11 H H +k
LI I L TCYUNCITICTIitnr= 1. 1. I'UUCTO T1UL apply W uic IUIIUVVIIIH CITOUUTLO.

a) Tropble signal circuits;

b) Intgrconnection between equipment within a common enclosure;

Cc)Ag
groun

rcuit for non-emergency/ancillary function components when a’short-circuit, g
i fault in no way affects the normal operation of the control unit/system except fo

n open, or a
r omission of

the su
proteg

d) Co
opera

e) The
directl
devics

pplementary feature (when necessary to comply with thé _above requirement
tive devices provided for supplementary circuit protection ‘'shall be non-interchan

ductors for ground detection, where a single grodnd“does not prevent the req
ion of the system;

circuit connections extended to additional émergency alarm control unit equipn
y connected to individual initiating devices, notification appliances or signalin
s, when these wiring connections arelintended to be made within 20 feet (6.

overcurrent
geable);

uired normal
hent, and not

g line circuit
1 m) of each

other and are enclosed within conduit or equivalently protected against mechanical injdry.

41.1.1.3 Th
supervision is

41114 Afq

41115 Th
required for ¢

41116 A
circuit(s), sig

s

-

utilization of a double legp “or redundant conductors or circuits to av
not acceptable.

ingle break or a single ground on any circuit shall not cause an alarm signal.

b operation of ‘aproduct shall not depend upon any ground connection, exc
bnnection to:ground fault detection circuit(s).

hultiplexground fault or short-circuit fault on: initiating device circuit(s), notificati

bid electrical

bpt for those

on appliance

naling" line circuit(s), interconnecting control equipment circuit(s) not co

41.1.1.2(e) a

alarm operation

41117

Uro nenaea N )
, shall result in a trouble signal or alarm signal.

plying with
ent required

Initiating device circuits/pathways, notification appliance circuits/pathways, and signaling line

circuits/pathways shall be designated by class, depending on the pathway/circuit’s capability to continue to
operate during specified fault conditions as indicated in 41.1.2 — 41.1.4.

41.1.1.8 Where power to a device or appliance is supplied over a separate pathway from the initiating
device, notification appliance, and/or signaling-line circuit(s), the operation of the power pathway shall
meet the performance requirements of the initiating device, notification appliance, and/or signaling-line
circuit(s) and the power circuit shall be defined by the applicable class in the product installation wiring
diagram/instructions consistent with the operation of the particular power pathway during the specified
fault conditions described in 41.1.2 - 41.1.4.


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024 UL 2572

87

41.1.2 Class A Circuits and Pathways

41.1.21 A

circuit or pathway shall be designated as Class A when it performs as follows:

a) It includes a redundant path.

b) Operational capability continues past a single open and the single open fault shall result in the
annunciation of a trouble signal as required by Section 43.

c) Conditions that affect the intended operation of the path are annunciated as a trouble signal in
accordance with Section 43.

e)A
Section 43.

f) Wh

3ingle ground condition shall result in the annunciation of a trouble signalcin lac

restofled within 200 seconds of the application of the fault.

g) Oq
fault

applid

erational capability in a radio frequency and/or wireless pathway continues d
onsisting of each of the following applied separately: loss.of a transceiver, loss
ation of an adverse condition at a transceiver/repeater. The fault shall

annunciation of a trouble signal.

Exception N¢

Exception N¢

. 1: Requirements (d) and (e) shall not apply to.non-conductive pathways.

. 2: Requirement (b) shall not apply to radio frequency/wireless pathways.

41.1.3 Clag

41131 A

a) ltd

s B Circuits and Pathways

ircuit or pathway shall be designated as Class B when it performs as follows:

oes not include a redundant path.

rordance with

bre operational capability is to be maintained during a fault, the opérational capability shall be

iring a single
of a repeater,
result in the

c) Copditions that. affect the intended operation of the path are annunciated as a trquble signal in

e) A gir
Section 43.

f) Where operational capability is to be maintained during a fault, the operational capability shall be
restored within 200 seconds of the application of the fault.

Exception: Requirements (d) and (e) shall not apply to non-conductive pathways.

41.1.4 Class X Pathway

41.1.4.1 A pathway shall be designated as Class X when it performs as follows:

a) It includes a redundant path.
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b) Operational capability continues past a single open and the single open fault shall result in the

annun

ciation of a trouble signal as required by Section 43.

c) Operational capability continues past a single short circuit and the single short circuit fault shall
result in the annunciation of a trouble signal as required by Section 43.

d) Operational capability continues past a combination single open fault and a single ground fault.

e) Conditions that affect the intended operation of the path are annunciated as a trouble signal in
accordance with Section 43.

f) Ope

rational capability is maintained during the application of a single ground fault.

g)As
Sectio

h) Wh
restor

i) Op¢g
fault ¢
applic
annun

Exception No
Exception No

41.2 Initiati
41.2.1 Each
installation wi
the specified

Exception No
extending no
distance doeg

Exception Ng
wiring installe
wireless devi

hg Device Circuits (IDC)

ngle ground condition shall result in the annunciation of a trouble signal in acc
n43.

bre operational capability is to be maintained during a fault, the operational capa
bd within 200 seconds of the application of the fault.

rational capability in a radio frequency and/or wireless pathway continues du
bnsisting of each of the following applied separately: loss of a.transceiver, loss
btion of an adverse condition at a transceiver/repeater: The fault shall
ciation of a trouble signal.

1: Requirements (c), (d), (f) and (g) shall not apply to non-conductive pathways

2: Requirement (b) shall not apply to radio-fréquency/wireless pathways.

initiating device circuit or pathway shall be defined by the applicable class in

ault conditions in accordance with Class AorBin41.1.2 and 41.1.3.

1: Detection and_annunciation of a ground fault is not required for an initiating
{ more than 3feet from a primary battery operated wireless device providg
not include an‘intervening barrier such as a wall or ceiling.

. 2: Detegtion and annunciation of a ground fault is not required for initiating
d in ‘mon-metallic conduit extending not more than 20 feet from a primary batf
e,

ordance with

bility shall be

ring a single
bf a repeater,
esult in the

the product

Fing diagram/instructions consistent with the operation of the particular circuit/pgthway during

device circuit
bd the 3-foot

Hevice circuit
ery operated

41.3 Notification Appliance Circuits (NAC)

41.31

Each notification appliance circuit or pathway shall be defined by the applicable class in the

product installation wiring diagram/instructions consistent with the operation of the particular circuit in
accordance with Class A, B, and/or X in 41.1.2,41.1.3, and 41.1.4.

Exception No. 1: Detection and annunciation of a ground fault is not required for a notification appliance
circuit extending not more than 3 feet from a primary battery operated wireless device provided the 3-foot
distance does not include an intervening barrier such as a wall or ceiling.

Exception No. 2: Detection and annunciation of a ground fault is not required for notification appliance
circuit wiring installed in non-metallic conduit extending not more than 20 feet from a primary battery
operated wireless device.
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Exception No. 3: Detection and annunciation of a ground fault is not required for the circuit between a
HPSA subsystem controller and the high power speaker array provided:

a) The ground fault does not prevent the required operation of the system;

b) The circuit conductors are installed in conduit or are equivalently protected against mechanical
injury; and

¢) Only one array configuration is driven by the circuit.

41.3.2 A single break, single ground, or wire-to-wire short-circuit fault on the physical (metallic) or a
single break in fiber optic conductors of one alarm notification appliance circuit shall not affect the

operation of
following sep

a) Th
alarm

b) Th

Exception: A
directly to the

41.3.3 Path
requirements

41.4 Signaling line circuits

414.1 Eac

diagram/instjuctions consistent with the opération of the particular circuit during the s

conditions in

41.4.2 Whg
over a signal

4143 Asi
fiber optic cd

affect operat

Exception: H

o 1 i+ ' L H Ha 4 4lo 00 <l <l
ally UICT aialmrt riotuneatvultT appindarivc CITouit TUTN TTUTT Uialt £UU oTUUTIUS, UlTTU

arate conditions:

b fault is first present during the normal standby condition followed by activatio
notification circuit;

b fault is applied after the alarm notification circuit is activated.

larm notification appliance circuits which do not have-hotification applianc
circuit and which are monitored for integrity as indicated in 53.1.1.

ways intended for use with addressable notification appliances shall addition
in41.4.2-414.4.

N signaling line circuit shall be defined by the applicable class in the product inst

accordance with Class A, B er X"as designated in 41.1.2, 41.1.3 and 41.1.4.

re digital communications-are used, the inability of a product to send or receive
ng line circuit shall résult in a trouble signal in accordance with Section 43.

ngle break, single ground, or wire-to-wire fault on the physical (metallic) or a s

on of more than one evacuation signaling zone.

RiS€r. type conductors /nsta/led in accordance with the surwvab//lty from E:

er both of the

h of the same

S connected

ally meet the

allation wiring

pecified fault

digital signals

ngle break in

nductors ofsa signaling line circuit for use with addressable notification appliapces shall not

ttack by fire

/]

requirements_i

pe installation

constraints shall be clearly detalled in the control unit's mstallatlon wiring d/agram/mstruct/ons

41.4.4 Any SLC pathway shall have the capability, either inherent or by use of external devices, to
prevent a wire to wire fault from affecting the entire pathway.

Exception No. 1: This does not apply to interconnected LOCs, ACUs and ECCUSs.

Exception No. 2: SLC pathways limited to a single zone.

41.5 Communication Link (CL)

41.5.1

Communication links between in-building mass notification systems, local and remote emergency

communications control unit(s), and wide area mass notification systems, distributed recipient mass
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notification control system, high power speaker arrays and off-site interfaces shall meet the requirements
of41.5.2-41.5.6.

41.5.2 All communication links termination points on the ACU(s) and ECCU(s) shall be marked with a
Communication Security Level and shall meet the requirements of that communication security level as a
minimum as stipulated in 42.2.

41.5.3 A compromise attempt against the communication links specified in 41.5.1 shall cause an audible
and visual supervisory signal within 200 seconds at either the remote emergency communications control
unit(s) or on-premises required operator interfaces, such as ECCUs and ACUs.

ment.

Exceptlon_' Cls uhh7lng anr\ryphnn yar-Ta 44111 are-not raqluran’ to-be ouhllor-fnrl to this requir

4154 Asrg

communicatid

ferred to in 41.5.3, a compromise is the disconnection and substitution of temot|
ns control unit(s) or on-premises required operator interfaces, such as ECCU

produced from the same manufacturer, from a communication link in a manner that'does no

annunciation

4155 Al m
integrity of th
intended ope
or adverse c(
occurrence.

4156 The
redundant co

41.6 Low-P

41.6.1 Thes
annunciating,
(RF), with the

4162 Apri

41.6.3 An a

pf the supervisory signal described in 41.5.3.

e interconnecting conductor(s) and/or equivalent path(s) so that conditions tH
ration of the path, such as the occurrence of a single-ground, single open, wire
ndition, shall automatically result in a trouble signal‘at the ECCU within 200 se

communication links for wide-area mass nefification systems shall provide both
mmunication ports.

ower Radio-Frequency Signaling

e requirements cover the-\operation of products and systems that utili
and remote control devices that provide signaling by means of low-power raq
transmitters operating.on-a random basis or using two-way interrogate/respons

mary battery shall. comply with 39.4 when a primary battery is used as the sole p

arm signal, from a RF initiating device shall latch at the receiver/control unit u

reset, and shall identifyythe particular RF initiating device in alarm.

41.6.4 Whe

e emergency
5 and ACUs,
result in the

eans of interconnecting systems as part of the communication links shall be monitored for

at affect the
to wire fault,
conds of the

primary and

ze initiating,
io-frequency
b signaling.

pwer source.

ntil manually

h.a\receiver/contro

the activated

| unit activates RF appliance

wvjire

appliances,

41.6.5 A low-power radio-frequency system combination intended to provide supervisory service shall be
arranged so that the occurrence of an off-normal condition of the supervisory device shall be annunciated
by a supervisory signal and identify the affected device. The supervisory signal and affected device
identification shall latch at the receiver/control unit until either manually reset or the restoration signal is
processed as indicated in 41.6.6.

41.6.6 Restoration from off-normal to the normal supervisory condition of the supervisory device shall
result in the receiver/control unit either canceling the previously annunciated supervisory signal or
annunciating the status change audibly and visibly identifying the affected device.

41.6.7 To provide higher priority to alarm and supervisory signals than to other signals, alarm and
supervisory signals shall be periodically repeated at intervals not exceeding 60 seconds until the initiating
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device is returned to its non-alarm condition. Receiver/control units activating RF appliances shall
automatically repeat alarm and supervisory signal transmissions at intervals not exceeding 60 seconds or
until confirmation that the output appliance received the signal. The duty cycle of the transmission shall be
not more than 15 percent measured over a one-minute interval.

41.6.8 A receiver/control unit shall report and identify an inoperative transmitter in the system within 200
seconds.

41.6.9 Additional assurance of successful transmission capability shall be provided by one of the
following methods:

a) Transmitting the normal supervisory status transmission at a reduced power level of at least 3
decibgls;

b) Ei
frequ

her increasing the minimum signal strength or reducing the maximum ambient radio-
bncy noise levels used in the product-specific field test procedure by atleast 3 dgcibels;

¢) Incgreasing the minimum signal to noise ratio used in the product-spécific field test
the equivalent of at least 3 decibels; or

procedure by

d) By[another equivalent means.

41.6.10 Th

b audible tamper signal of the receiver/control unityis’not prohibited from being silenceable
when provided with an automatic feature to resound the signal at intervals not exceeding 4 hours. Both of
the following actions shall cause the annunciation of ‘aotamper signal at the receivgr/control unit
additionally iglentifying the affected device within 200 seconhds.

a) Regmoval of an initiating-device transmitter;"RF appliance receiver or retransmissio
its ingtalled location, including displaceméntof a removable surface such as a ceiling

b) Removal of a cover exposing a transmitter primary battery.

41.6.11 Regeption of any unwanted (interfering) transmission by a retransmission device
by the receivier/control unit that exceed the maximum specified ambient noise level or minin
noise ratio (see 69.2.1 and 69.2:2) for a continuous period of 20 seconds or more shall resulf
trouble signal indication at-the’ receiver/control unit. This indication shall identify the sg
condition (inferfering signal) as well as the device(s) affected (repeater and/or receiver/contrg

42 Security and Data Protection

42.1 Genefal

n device from
ile.

(repeater), or
um signal-to-
in an audible
ecific trouble
| unit).

42.1.1

Evidence of a certificate of compliance for the validation of approved communication and stored

data security functions shall be provided. The certificate of compliance shall be from the National Institute
of Standards and Technologies (NIST) cryptographic algorithm validation program (CAVP) and shall be a
current valid certificate for the security function used by the system and security function per Annex A:
Approved Security Functions for FIPS PUB 140-2, Security Requirements for Cryptographic Modules.
Security functions shall be one or more of the following:

a) Symmetric key encryption functions.
b) Asymmetric key signature functions.
c) Message Authentication functions.

d) Hashing functions.
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42.2 Communication Security

42.21

The Communication Security Levels in 42.2.2 — 42.2.5 are applied to data transmission means.

The manufacturer shall indicate the encryption type of security function and the Communication Security
Level in the installation documentation for the product.

42.2.2 Communication Security Levels 0 — Security function not employed.

42.2.3 Communication Security Level 1 — Independent Dedicated Network. Typical applications include
a dedicated network installed specifically for ECS/MNS (e.g. to high power speaker arrays (HPSAs) or
remote buildings on a campus).

a) No

b) Mir
physig

c) Co

intern

42.2.4 Com
encompass U
service provig

a)EC

b) All
algorit

4225 Com
encompass u
"cloud") to su

a)EC
b) All

minim

42.3 Stored

Hata other than the ECS/MNS system shall be capable of being introduced into.t

imum security function is required for all data on portion of the network-that
al media (e.g. wireless). Security functions shall comply with 42.1.1.

mand, control and/ or audio data is not permitted to transfer through one or
t service provider segments (e.g. Internet or "cloud") to support ECS/MNS.

munication Security Level 2 — Non-Dedicated Private Network. Typical
sing an existing shared LAN/WAN with encryption and*may use one or more p
er segments (e.g. Internet or "cloud") to support ECS/MNS.

5/MNS data and other data are permitted to reside on this network.

ECS/MNS command and control data*shall be protected by minimum sec
hm. Security functions shall comply with42.1.1.

munications Security level 3.(5 Non-Dedicated Public Network. Typical
sing a LAN/WAN, and one ormore public internet service provider segments (e
pport ECS/MNS.

5/MNS data and other data is permitted to reside on this network.

ECS/MNS data-including but not limited to command and control data shall be
Lim security function algorithms. Security function algorithms shall comply with 4]

Data Security

his network.

utilizes non-

more public

applications
ublic internet

irity function

applications
g. Internet or

protected by
P.1.1.

42.3.1 Genfral

42.3.1.1
means (42.4)

shall indicate the Stored Data Security level in the installation documentation.

42.3.1.2 Stored Data Security Level 0. Stored data security not employed at this level.

42.3.2 Stored Data Security Level 1

42321 Thi

s security level applies to the following data:

a) Passwords.

b) DRMNS contact data.

Where data stored in an ECS/MNS system is accessible without actuation of the access control
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42.3.2.2 The stored data covered in 42.3.2.1 shall be protected by minimum security functions that
comply with 42.1.1.

42.3.3 Stored Data Security Level 2

42.3.3.1

This security level applies to the following data:

a) Passwords.

b) DRMNS contact data.

c) System configuration data.

d) Au
e) EC

42.3.3.2 Th
comply with 4

it logs and reports.

S/MNS messages.

e stored data covered in 42.3.3.1 shall be protected by minimum security
12.1.1.

42.4 Access Control Security

4241 The
system via t
installation d

Access Control Security Levels in 42.4.2 — 42.4(5 ‘are applied to access to
e software of a device. Manufacturer shall indicate 'the Access Control Securit
bcumentation.

42.4.2 Accéss Control Security Level 0.

a) Th

s access control security does not employ any security means.

@ss Control Security Level 1.

unctions that

an ECS/MNS
level in their

programming
binations.

activity which

programming

cters, each of

b) Disabling or locking of user accounts shall only be possible by authorized personnel.

c) The system shall allow the ability to create roles with system permissions that can be assigned
to user accounts.

1) System permission roles shall at a minimum include a system site specific
authority, and system operation authority.

programming

d) The security means shall have a timeout feature ("auto-log-out") after the last activity which shall
be configurable and documented in the product’s installation documentation.

42.4.5 Access Control Security Level 3.
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a) A security means shall be provided to restrict unauthorized access to site specific programming
and operation. The means shall provide a minimum password / PIN length of 12 characters, each
of at least 10 options, or equivalent means (such as 2 factor authentication).

b) Disabling or locking of user accounts shall only be possible by authorized personnel.

c) The system shall disable a user account after a maximum of 5 unsuccessful consecutive login
attempts.

d) Fail

ed logins will be audited, and displayed on the next successful login.

e) The system shall allow the ability to create roles with system permissions that can be assigned

to use

accounts

f) The
be cor

42.5 Physiq

4251 The

access to th¢ internal parts of the protected equipment. The manufacturer shall indicate

Security level

42.5.2 Phys
does not appl

42.5.3 Phys
from an exter

4254 Physg
for 2 minutes

42.5.5 Phys
for 5 minutes

42.6 Physid

426.1 The
access to the

1) There shall be a minimum of two system permission roles.

security means shall have a timeout feature ("auto-log-out") after the dast"activit
figurable and documented in the product’s installation documentation.

al Security

Physical Security Levels are applied to physical access or protection against

in their installation documentation.

ical Security Level 0. Physical Security is not be implemented at this level. Phy
y to the protected equipment.

hal cabinet to access the protected eéquipment.

ical Security Level 2. The protected equipment shall withstand the attack test

ical Security Leveh3.' The protected equipment shall withstand the attack test
or 2 minutes if@nequipment attack alarm is activated during the test.

al Security-Attack Test

bnclosure protecting the internal parts of a protected equipment shall resist attg

y which shall

unauthorized
the Physical

sical Security

ical Security Level 1. The protected-eguipment shall have a physical device controlling entry

isted in 42.6

isted in 42.6

mpts to gain

parts if the protected equipment shall meet Physical Security Level 2 and 3.

42.6.2 The test sample shall be mounted in accordance with 42.6.4 and 42.6.6. The test time shall start
at the moment the attack test is initiated on the unit and shall not stop until the maximum time limit is met
or if physical access is to the internal parts of the protected equipment is available.

42.6.3 The tools used in the attack test shall include hammers, chisels, adjustable wrenches, pry bars,
punches, and screwdrivers. No hammer shall exceed 3 pounds (1.36 kg) in head weight, and no tool shall
exceed 18 inches (457 mm) in length. During the test, a hammer shall only be used for a total time of 30

seconds.

42.6.4 The protected equipment under test shall be installed in accordance with the manufacturer’s
instructions, and the attack shall be carried out by one operator.
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42.6.5 The building structure in which the protected equipment under attack may be mounted shall be
represented by gypsum wallboard 5/8 inch (15.9 mm) thick or as indicated in the manufacturer’s
installation instructions.

42.6.6 The protected equipment housing shall be protected against disassembly and removal from its
mounting surface by a pry-off tamper and tamper contacts on at least one-half of the outer cover securing
devices, and by a construction at least equivalent in strength to a complete 0.067-inch (1.70-mm) steel
outer housing and an electrical inner lining of 0.053-inch (1.35-mm) steel that cover all sides except the
back.

42.6.7 Either the outer and inner housings shall be connected in a closed protection circuit, or fully
insulated electric linings shall be used so that an equipment attack alarm will result if the housing is
penetrated by drills, pry bars, or similar tools.

42.6.8 Conpection of linings, housings, and housing contacts shall be supervised by the closed
protection circuit entering and leaving at different points.

42.7 Audit|Control

42.7.1 Aud|t Control, when provided, shall meet the requirements of 42.7.2 — 42.7 4.
42.7.2 The|manufacturer shall indicate the Audit Control level4dn their installation documentation.
42.7.3 All manual and automated control actions shall be audited, including failed logins.

42.7.4 Thelaudit log shall include the action, time of action, identity of source initiating the [action and all
trouble signals.

42.7.5 Aud|t Control Level 1 — The audit log.shall be able to record at a minimum 200 audit fecords of the
largest size gqudit record.

42.7.6 Aud|t Control Level 2 — The audit log shall be able to record at a minimum 2,000 aydit records of
the largest sige audit record.

42.7.7 Aud|t Control Level 3'— The audit log shall be able to record at a minimum 20,000 aydit records of
the largest sige audit record.

42.7.8 Logging of.an audit action shall overwrite the oldest audit action when the audit log ig full.

43 Trouble Signals

43.1 A trouble signal shall be indicated by the operation of a distinctive sounding appliance. When an
intermittent signal is used, it shall sound at least once every ten seconds with a minimum on-time duration
of one-half second. When a common audible signal (distinct from alarm) is to be employed for trouble
annunciation for both emergency and non-emergency related signals, distinction shall be achieved
visually.

43.2 Cancellation of the off-normal signal is acceptable annunciation for a trouble restoration signal.

43.3 The activation of a self-restoring trouble signal and its restoration to normal shall be automatically
indicated as described in 43.1 and 43.2.
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43.4 The activation of a latching trouble signal shall be automatically indicated as described in 43.1.
Restoration of a latching trouble signal shall be indicated as described in 43.1 and 43.2 after activation of a

manual reset.

43.5 A means for silencing a trouble sounding device shall comply with all of the following:

a) Limiting access by being either:

1) Key operated with the key removable only in the normal position;

2) Located within a locked cabinet complying with physical security level 1 or higher;

b) A V
devics

c) The
exists

d) The
S00N 4

43.6 An aud
ECCU) shall:

a) Aut
less u

b) The

at least once
normal super

44 Compor

441 The fu
trouble signal

Exception Ng

omatically reactivate the audible trouble signal at the operator interface every
ntil trouble signal conditions are restored to normal, and

'2) Access Control Qar\llrify lLevellor highnr; or

4) Arranged to provide equivalent protection against unauthorized use.

sible trouble indicator remains activated or is simultaneously activated when
is de-energized.

audible trouble signal shall sound when the means is in the "silence" position a

visible indicator shall be located and identified so that'the user will recognize
s it is activated.

ible trouble signal that has been silenced at the-protected premises interface (A

audible signal shall operate untilit is manually silenced or acknowledged,

every 24 hours until the trouble condition is corrected and the product is re
isory condition.

ents — Monitoring for Integrity

ses of a_product shall be electrically supervised to indicate rupture of the fuse |

whenthe’fault prevents normal operation of the product.

he sounding

nd no trouble

the signal as

CU, LOC, or

24 hours or

stored to the

y an audible

.1.)Supplementary products where the fault in no way affects the normal ope

bration of the

system except for omission of supplementary features.

Exception No. 2: Either an audible- or visual-only trouble signal at the operator interface is acceptable for
mechanisms that are part of the remote emergency communications control unit which is intended to be
constantly attended.

44.2 Opening or shorting of capacitors shall either have no adverse effect on normal operation or be
indicated by a trouble or an audible alarm signal.

Exception No. 1: A reliable component need not be subjected to the opening and shorting faults. The
reliability of the component is to be based on de-rating or on reliability data recorded for the particular
component. Suitable sources are:

a) The capacitor derating parameters specified in Table 44.1;
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b) The Military Handbook Electronic Reliability Design Handbook, MIL-HDBK-338, or equivalent
such that the failure rate is equal to or less than 0.5 failures per million hours of operation; and

c) Component reliability data based on actual performance in a similar application, such that the
failure rate is equal to or less than 0.5 failures per million hours of operation.

Exception No. 2: Either an audible- or visual-only trouble signal at the operator interface is acceptable for
mechanisms that are part of the supervising station equipment

Exception No. 3: Either an audible- or visual-only trouble signal at the operator interface is acceptable for
mechanisms that are part of the remote emergency communications control unit which is intended to be
constantly attended.

Table 44.1
Capacitor derating parameters
Type Derating parameter Derating level®
Mica, film, glagds Normal operating voltage 60 percen
Temperature from maximum limit 10°C
Ceramic Normal operating voltage 60 percen
Temperature from maximum limit 10°C
Electrolytic aluminum Normal operating voltage 80 percen
Temperature from maximum limit 20°C
Electrolytic tantalum Normal operating voltage 60 percen
Temperature fromamaximum limit 20°C
Solid tantalum Normal operating voltage 60 percen
Maximum eperating temperature 85°C
@ Percent of defrated value to the rated normal gperating voltage.

44.3 Failurg¢ of a components associated with controlling the environment within an enclosdre, such as a
cooling fan motor, which would)result in product temperatures exceeding those in Table 54.1 and Table
54.2 shall be|indicated by an.audible trouble signal.

Exception: Bither an~audible- or visual-only trouble signal at the operator interface is dcceptable for
mechanisms|that are-part of the remote emergency communications control unit which is intended to be
constantly atfended.

44.4 When the off-normal position of any normally preset mechanism or similar part of a product requires
manual restoration in order to permit normal signaling performance of the system, such position shall be
indicated by an audible trouble signal.

Exception: Either an audible- or visual-only trouble signal at the operator interface is acceptable for
mechanisms that are part of the remote emergency communications control unit which is intended to be
constantly attended.

44.5 The operation of any manual-switching part of a product to other than its normal or activated
position while the system is in the normal supervisory condition shall be indicated by a trouble signal,
when the off-normal position of the switch interferes with normal operation of the system.
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Exception: Either an audible- or visual-only trouble signal at the operator interface is acceptable for
mechanisms that are part of the remote central control equipment which is intended to be constantly
attended.

44.6 To determine if a switching part of a product complies with 44.4 and 44.5, the investigation is to start
with the representative system combination in the normal supervisory condition; the system is then to be
operated for signals with the manual-switching part in each position.

447 When a product is controlled and influenced by a software program, a trouble signal shall activate
for the occurrence of any of the following malfunctions:

a) The product/system does not execute its program cycle.

b) Thg memory function of the microprocessor does not function or is corrupted.

c) Rotation ceases, or fails to start when required, in a product that incorporatep permanent
memary-storage devices having rotating elements.

Exception: Supervision is not required when malfunction of the memary-Storage devicg results only
in losg of supplementary information or features, and when the system is still capabld of indicating
the nature and location of any status change.

=)

44.8 A system shall not be affected if the system fails to executeyany supplementary prograr

44.9 Where|an audible trouble signal is used to annunciate” the conditions indicated in 44.1 — 44.7 for
supervising sfation equipment, the trouble signals shall . comply with the requirements in Trouble Signals,
Section 43.

45 Software
451 Generfl

45.1.1 Any product that is dependent’'upon software program(s) to achieve proper operatign shall meet
all the requirgments in this section.

45.1.2 Whefe compliance with this standard is dependent upon the proper selection of software features
and parametgrs which arefield programmable, one of the following shall be met:

a) Thq software’shall not permit any product operation or contain any programming options that are
prohibfited\by this standard;

b) The software shall be partitioned and identified in the field programming software as complying
or not complying with (a); or

c) A summary shall be provided in the front of the installation documentation describing all
programming options and parameters that have the potential for conflicting with the requirements in
this standard and stating the proper program selections that would be in accordance with this
standard. Additionally, information shall also appear in the installation documentation where the
specific feature or option appears describing the requirements of this standard.

45.1.3 A release level shall identify the executive software of a product. A new release level shall be
assigned due to any changes in the executive software.
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45.1.4 With the executive software resident in the product, the release level of the software shall be
visibly marked on the product or shall be capable of being displayed on a visual annunciator provided as
part of the unit.

45.1.5 All software shall be resident in nonvolatile storage devices that are sealed against atmospheric
contaminants and not subject to mechanical wear of the storage medium. Integrated circuits and sealed
hard disk drives are examples of storage devices that meet this requirement.

Exception: Software and data that is of a supplementary nature or software used to initially program the

product.

45.1.6 Wh

for the signal
than the follg

a) In-
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451.7 Whe
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pssible signals simultaneously, the software design shall prohibit the overf

status changes which are stored in memory,

vare and firmware within a fire alarm «€ontrol system that interfaces to softwa

lementary functions.

executive program shall not be accessible for change, modification, or additio

specific grogramming is not prohibited from being performed at the factory g
bduct permits programming in the field, the extent of the programming shall be

mory in order
store not less

nnected to all
reater.

smitters on all

ot capable of
ow condition

Liption of existing stored data or causing the preduct to perform in a degrad¢d mode with

re in another

rovide required functions shall be.fdnctionally compatible and the compatibility shall be

This does not

n by the user,

r in the field.
limited to the

a) As

e | ad-mannina

IHIIIIIUIIL dariu IIIG}J}JIIIU \Jf \vJ

allows the programmer or AHJ to readily verify and review all programming.

utput-eiretits-where-there—is—a—procedure—orproduct feature that

b) Setting of parameters and variables that relate only to topics influenced by use and installation of

the product.

45.2.3 Initial site specific programming or any subsequent reprogramming of an in-building unit shall
require manual actuation of the security means at the in-building unit. Once activated, programming may
be completed on-site or downloaded from an off-site location.

Exception: For a system intended to protect only contiguous properties, program downloading from the
emergency communications control unit on the contiguous property without manual actuation at other
interconnected units on the same contiguous property is permitted.
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45.2.4 When the proper operation of a product is adversely affected due to actuation of the security
means or during any reprogramming, the product shall produce a visual trouble signal. In addition, an in-
building unit connected to a remote emergency communications control unit shall transmit a trouble signal

to the emergency communications control unit.

45.3 Software integrity

45.3.1

The software design shall cause the product to operate as intended and shall not contain known

critical defects which result in interruption of product operation, operation not intended by the design of the
product, or which is inconsistent with the requirements of this standard.

45.3.2 With rngnrd [7a AR_Q_’I, evidence of software infngrihj[ shallhe.
a) Software development using a documented process, which includes the. tes{ procedures
specifled in 45.3.3 and which complies with the requirements of ISO 9001.
b) Exgmination of the software operation by the manufacturer with a test-and verificilion program
that is|documented with a test plan and test results which, at a minimum,includes verification of the
items gpecified in 45.3.3.

Documentatig
identification
actual test reg

45.3.3 The
described in

n for (a) shall include a description of the test methods used, expected test
pf test equipment. Documentation for (b) shall includ€ a'description of the test m
ult(s), and identification of test equipment.

test program specified in 45.3.2 shall include" performance-based testing of

Q) — (e).

a) Confirmation of proper operation of all-gircuits of each applicable type, style and g

as deq

cribed.
1) Initiating input circuits:

i) Subjecting each supervised circuit to fault conditions (short, open,
verifying that.the condition is detected and the system responds as reqy

ii) Verify the circuit will detect and respond to an alarm or, if applicable
condition, and that the system responds as required.

2) Output-circuits:

i) Subjecting each supervised circuit to fault conditions (short, open,

esult(s), and
ethods used,

he functions

lass, verified

ground) and
ired.

. supervisory

ground) and

verifying that the condition is detected and the system responds as req

ired.

i) Verify the circuit activates correctly when commanded by the system.

iii) Verify that the output signal is recognizable and complies with all timing

requirements.
3) Signaling line circuits:

i) Subjecting each supervised circuit to fault conditions (short, open,

ground) and

verifying that the condition is detected and the system responds as required.

ii) Verify that a minimum of at least 1 message, per type, is transmitted correctly as

required.

iii) Verify that incorrect messages are processed appropriately.
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iv) Verify that mismatches between the actual devices on a circuit and the expected
devices on a circuit are detected and reported correctly.

4) Communication link:

i) Subjecting each supervised circuit to fault conditions (short, open, ground) and
verifying that if intended operation is effected, then the condition is detected and the
system responds as required.

ii) Verify that messages are transmitted correctly in response to system stimuli.

iii) Verify that incorrect messages are processed appropriately.

b) Copfirmation of proper operation of visual annunciators and displays:

1) Verify that at least 1 event, per type, intended for the display and/or gnnunciator is
successfully routed to and displayed by the display and/or annunciator.

2) Verify that events not intended for the display and/or annunciator are not dispplayed.
c) Copfirmation of proper operation of manual controls:
1) Verify that all key presses are processed.

2) Verify that all key presses and menu selections@enerate the expected actiop.
3) Verify that incorrect entries are rejected and-do not cause abnormal system pperation.
d) Copfirmation of proper operation of all programming options:

1) Verify that programming options‘Cause the operation intended.
2) Verify that incorrect entries are processed appropriately.

e) Copfirmation of proper operation of intelligent devices that are controlled by the panel:

1) Verify that the panel correctly controls the device as designed.

45.3.4 Theltesting information specified in 45.3.2 (a) and (b) shall be submitted for review for any new
products and whenever-functions are added to the software of an existing product.

46 Combination-Systems with Non-Emergency, Security, Building Controls, and Other Non-Fire
Equipment

46.1 When the following mass notification systems are intended to share components, equipment,
circuitry, and installation wiring with non-fire and non-emergency signaling equipment, and the non-fire
alarm equipment complies with this standard, or complies with one of the standards shown in 46.2, the
requirements of 46.3 — 46.5 shall apply.

a) In building mass notification systems;
b) The control equipment at a contiguous location for wide area mass notification systems; and

c) The control equipment at a contiguous location for distributed recipient mass notification
systems.

46.2 With respect to 46.1, the following standards apply:
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a) The Standard for Control Units and Accessories, UL 864;

b) The Standard for General-Purpose Signaling Devices and Systems, UL 2017, Type SM or AM;
and

¢) The Standard for Proprietary Burglar Alarm Units and Systems, UL 1076.

46.3 It shall be permitted to attach the non-fire alarm equipment to fire alarm circuits when the following
requirements are met:

a) The fire alarm equipment and circuits shall continue to meet the circuit requirements of Common
Performance and Monitoring for Integrity, Section 41 with the non-fire alarm and non-emergency

equipmc| tattached:

b) Fai
alarm

ures of the non-fire and non-emergency alarm equipment that affect the aperatjon of the fire

system shall be detected and reported at the LOC, ACU and/or ECCU,

c) The
fire an
the N4

At to the non-
uirements of

installation document of the fire product shall specify that all wirindsincluding th
d non-emergency alarm equipment, shall be installed in accordance with the reg
tional Fire Alarm and Signaling Code, NFPA 72.

b

L

d) Thé non-fire and non-emergency equipment shall be compatible with the maspg notification

equiprmnent or it shall have a contact closure interface for the"connected load.

46.4 When

opens and sh

he non-fire alarm equipment is connected to the.fire alarm system through sef
ort circuits shall not impair the operation of the fire alarm system.

46.5 Groun
impede or i

faults which impede or impair the monitoring for integrity of the mass notificati
pair any mass notification supervisory or trouble signal transmission or opers

arate wiring,

pn system or
tion shall be

reported at thHe mass notification system as trouble signals when they occur on the wiring interconnecting

the mass notification equipment with non-fire“alarm/non-emergency equipment.

46.6 When |[a mass notification system is intended to share components, equipment,
installation wiring with non-fire and non-emergency equipment, and that equipment does no

circuitry, or
comply with

either this stapdard or any of the‘standards shown in 46.2, the requirements of 46.7 — 46.9 shall apply.

Exception: Wjith regard to the ground fault operation, where the interconnected equipment ¢
the requiremeénts contained in this standard, the Standard for Control Units and Accessories f
Systems, UL (864, or(the' Standard for General-Purpose Signaling Devices and Systems, UL
ground condltion is~annunciated as a trouble condition at the LOC, ACU, or ECCU, a

omplies with
or Fire Alarm
017 and the
5 applicable,

supervision of theyhass notification circuits is permitted to be affected.

46.7 Short circuits or open circuits in the non-fire or non-emergency equipment or in the wiring between
the non-fire/non-emergency equipment and the mass notification system shall not impede or impair the
monitoring for integrity of the mass notification system as described in Common Performance and
Monitoring for Integrity, Section 41, nor impede or impair any mass natification signal transmissions or
operations.

46.8 Single ground faults in the non-fire alarm/non-emergency equipment shall not impede or impair the
monitoring for integrity of the mass notification system, or impede or impair any mass notification
supervisory or trouble signal transmissions or operation

46.9 The required operation of the mass notification equipment shall not be impaired by any failure of the
non-fire alarm/non-emergency equipment hardware, software or circuits, or by any maintenance
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procedure, including removal or replacement of defective equipment or powering down of the non-fire/non-
emergency equipment.

46.10 The monitoring for integrity as described in the Common Performance and Monitoring for Integrity,
Section 41, shall continue to be met during the period the combination system is used for non-emergency

purposes.

46.11

mass notification system.

Emergency control or other non-fire functions shall not interfere with any required operation of the

46.12 In combination systems, mass notification signals shall be distinctive, clearly recognizable, and
Capab'e of ta l(ing prnr\nr’lnnr\n over Qny other eigngl even when a fira or non.fire alarm eigr]a' is initiated
first.

46.13 Whefe the mass notification signaling unit is intended to be connected to a-life-safety network, the

following shqll apply:

a) Th
Perfo

Excef

e interconnecting path shall be monitored for integrity as déscribed in
‘mance and Monitoring for Integrity, Section 41.

btion: Relays or appliances that provide fail-safe operation’(activate, release, u

of powver or a fault or adverse condition on the interconnecting path that affects operat

b) No
operg

46.14 Unle
servers) loc
communicati
standard, the
for General-H

46.15 Sign
for Informatiq

h-mass notification alarm data transmitted to thexmass notification system shall
tion of the mass notification system.

s as indicated in 46.15 and 46.16, signal control and transport equipment
ated in the critical mass notification signaling path of in-building mas
bn links complying with Communications Security Level 1 (see 42.2.3) shall co
Standard for Control Units and<Accessories for Fire Alarm Systems, UL 864, or
Purpose Signaling Devices and-Systems, UL 2017.

bl control and transport equipment, such as routers and servers complying with
n Technology Equipment Safety — Part 1 — General Requirements, UL 60950-1

modify the data package shall'be permitted when the following is met:

a) Al

b) C{

equip
secor

programmingiand configuration ensure a response time of 10 seconds.

mmunigation link system bandwidth is monitored to confirm all communicat
ment that is critical to the operation of the mass notification system take pl
ds and failure is indicated within 200 seconds. In lieu of monitoring bandwidth

he Common

nlock) on loss
jon.

not impair the

(routers and
5 notification
mply with this
the Standard

the Standard
which do not

ons between
hce within 10
, polling such

that a trouble is annunciated when the communication exceeds 70 seconds meets the intent of this
requirement.

c) Failure of any equipment that is critical to the operation of the mass notification system is
indicated at the local operator console and the autonomous control unit and emergency
communications control unit, if applicable, within 200 seconds.

46.16

transport equipment meet the following:

In conjunction with 46.15, the installation instructions shall stipulate the signal control and

a) The equipment is provided with primary and secondary power and monitored for integrity as
required by section 10.5 of the National Fire Alarm Code, NFPA 72.

b) The equipment provided is rated for the voltage and temperature and humidity variation required
by section 10.14.1 of the National Fire Alarm Code, NFPA 72.
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c) A barrier gateway attached to or connected to each local operating console (LOC), autonomous
control unit (ACU), or emergency communications control unit (ECCU), and complying with the
requirements contained in this standard, the Standard for Control Units and Accessories for Fire
Alarm Systems, UL 864, or the Standard for General-Purpose Signaling Devices and Systems, UL
2017, shall be provided to prevent the other systems from interfering with or controlling the mass
notification system.

PERFORMANCE - OTHER TESTS

47 General

47 1 Produgts-thatmeset-the rnqllirnmnnfe of UL 6090501 orlll 60065 are not rnqllirnrl to-be evaluated to
the following Bections: 50, 52, 60, 62, 63, 64, 65.4, 65.6, 65.7, 66, 67, and 72.1.

48 Power Input/Output Characteristics Tests

48.1 The pgwer input to an amplifier shall not exceed 110 percent of the marked rating while delivering
rated output gower to the specified load or a resistive load of equivalent magnitude.

48.2 An amplifier shall deliver rated output power and voltage to a rated load when a sinusqidal signal of
minimum rated input voltage and having a frequency of 1 kilohertZ is applied to the input [circuit of the
amplifier whilg¢ the amplifier is connected to a source of rated voltage.

48.3 An amplifier shall deliver not less than 60 nor more than 120 percent of rated output power (80 —110
percent of rajed output voltage) over an 800 — 2800 hertz bandwidth. The input signal is tp be at rated
voltage and Js to be constant over the range of signal frequencies, as established at a test signal
frequency of 1 kilohertz.

48.4 If the rmanufacturer specifies a bandwidth for the product that includes frequencies lower than 800
or higher thap 2800 hertz, the product shall comply with the requirement of 48.3 over these additional

frequency rar|ges.

48.5 For these tests, all operatar-accessible gain controls are to be adjusted to impose worst case
(maximum digtortion) operating.conditions on the system with regard to output (power) to the load.

49 Harmonjc Distortion Test

49.1 Crossopver

49.1.1 The crossover distortiom of anm amptifier Tated—for speech power shaft ot be greater than 7
percent, when measured at 1/10 power points (10 decibels down from rated power output) at a signal
frequency of 1000 hertz. Measurements of crossover distortion are to be made over the rated frequency
range of the amplifier.

49.1.2 During the measurement of crossover distortion, the amplifier is to be tested using a sine wave
input and while delivering to a rated load consisting of speakers or any combination of speakers and
simulated resistive loading of equivalent impedance.

49.2 Total Harmonic
49.2.1 If an upper frequency cutoff is not specified, the total harmonic distortion of an amplifier shall not

exceed 20 percent in the frequency range of 800 — 2800 hertz while delivering full rated load and operating
as specified in 49.1.2.
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49.2.2 If the specified upper frequency cutoff is greater than 2800 hertz, the total harmonic distortion of
an amplifier shall not exceed 20 percent in the frequency range of 800 — 2800 hertz. In the range of 2800 —
15000 hertz, the total harmonic distortion at any frequency (f) shall not exceed the value determined by the
formula: Percent Total Harmonic Distortion = 20e[ —0.000189 (f-2800) ].

49.2.3 During the measurements of total harmonic distortion specified in 49.2.1 and 49.2.2, a minimum
of ten measurements are to be made within the appropriate frequency range with the amplifier adjusted to
deliver maximum rated output and 10 decibels below the maximum rated output.

50 Electrical Ratings Test

50.1 Gene

50.1.1 Alo

50.2 Powe
50.2.1 WitH
current of th

under all con

50.2.2 Whsg
requirement

50.2.3 Whqg
a single valu
range.

50.3 Other]

50.3.1 All ¢
wiring metho
any circuit sh

50.3.2 The
condition inc

any conditior

50.3.3 Wh¢g

ral

v-voltage circuit of a product shall comply with the limits specified in 5.13.
r input circuits

the product energized from rated voltage and connected toxmaximum rated |
b product shall not exceed the marked rating of the product"when the produ
ditions of intended use.

re the operating voltage of a product is specified”at two or more discrets
n 50.2.1 shall be applied at each voltage rating.

re the input to the product is specified as a'DC voltage range, the input current
b that is equal to or greater than the measured input current obtained at any volt

external circuits

xternal circuits shall be{ electrically rated to permit proper installation of the
ds permitted by the National Electrical Code, ANSI/NFPA 70. The actual measu
all not exceed the rating for that circuit.

electrical rating of a circuit shall indicate the maximum circuit voltage under
uding an gpen circuit and the maximum circuit current (or wattage for an audio p
of normal ‘operation.

re the circuit is not power limited as defined in the Class 2 and Class 3 Circuits

bad, the input
t is operated

D
v

values, the

ating shall be

hge within the

product using

red values of

hny operating
roduct) under

Test, Section

52, and a cir

Uit fauttconditiomwittcause a circuit current imexcess of the normatcurrent Tati

a) The maximum fault current shall be indicated or

g, either:

b) The minimum size wire capable of handling the fault current shall be indicated.

There shall be coordination between the maximum fault current and the overcurrent or current limiting
protection required in 15.4.

51 Variable Voltage Operation Test

51.1 The product, when connected to maximum rated load as described in 31.2.2 and subjected to the
input voltage conditions described in 51.2 — 51.4, shall operate as intended and without risk of fire or
electric shock during all conditions of intended use. At each input voltage, all conditions of intended use
are to be maintained until constant temperatures of its parts are reached, or a minimum of two hours.
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51.2 The product is to be subjected to the following variable voltage conditions:

a) 110 percent of the rated primary input voltage specified in Table 31.1. The secondary power
source is to be connected to rated voltage.

b) 110 percent of the marked rated nominal standby battery voltage or rated secondary power input
voltage specified in Table 31.1. The primary input voltage is to be disconnected.

c) 85 percent of rated primary input voltage specified in Table 31.1 or at some lower level of
transfer voltage as specified in 39.2.1 and 39.2.3. The standby battery or, when provided, a
secondary power source shall be disconnected.

d)
voltag

51.3 In cong
stable potenti

51.4 The re
installation wi

51.5 Thein
51.6 In thos
separate sou

operation.

51.7 A prod

charged batt¢ry under all conditions of intended“operation, including sufficient capacity to

product with
product is in
charged cond
level of transf

51.8 A char
supervisory a|

519 An am
power (80 —
specified in 5]

specified in Table 31.1. The primary input voltage is to be disconnected.

jlucting the reduced voltage test, the voltage is to be reduced by a means/that w
al of the required value under the most severe conditions of normal loading.

duced voltage tests are to be made with the maximum line impedance as ing
ring diagram connected to all external circuit(s).

reased voltage tests are to be made with zero line impedance in each external ¢

e cases where different components or units of\a combination system obtairn
rces, each source is to be independently varied while the system is tested f

uct intended to be used with a standby battery shall have sufficient capacity f{

the battery disconnected or fully discharged. In any operating mode other th
the alarm condition, the battery charger shall be capable of maintaining the
ition when the product inputiis at a maximum of 85 percent of rated voltage or
br voltage as determined-according to 39.2.1 — 39.2.5.

ped battery is defined as a battery having the capacity to maintain the product
hd alarm conditiohs for the time period required in the Charging Current Test, S¢

plifier shall. deliver not less than 60 percent nor more than 170 percent of its
130 percent of rated output voltage) when the power-supply input voltage
1.2.The 1 kilohertz signal described in 48.2 is not to be adjusted.

power input

ill maintain a

icated in the

ircuit.

power from
Or its normal

0 maintain a
operate the
an when the
ttery in the

a
j)t some lower

n the normal
ction 55.

rated output
is varied as

51.10 When the power-supply input voltage is established at 85 percent and 110 percent of the rated
voltage, the 1 kilohertz signal described in 48.2 is to be varied, as needed, so that the rated output voltage
is delivered to the load. The amplifier shall comply with the requirement of the Harmonic Distortion Test,
Section 49, as specified in 51.2.

52 Class 2 and Class 3 Circuits Test

52.1

52.1.1

General

All field-wiring circuits that derive energy from power sources connected to a control unit shall be

classified as Class 2 or 3 or non-energy-limited circuit. A circuit shall be considered non-energy-limited
unless otherwise identified in the installation documentation and marking on the product.
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52.1.2 The power source (or sources) supplying a Class 2 or 3 circuit shall be either inherently limited
requiring no overcurrent protection, or limited by a combination of a power source and overcurrent
protection devices such that a Class 2 or 3 circuit has electrical characteristics as described in Table 52.1
for AC circuits or Table 52.2 for DC circuits.

Table 52.1
Power source limitations for alternating-current,

Class 2 and Class 3 circuits

contact conditig

ns, see note c.

Circuit Inherently limited power source (overcurrent Not inherently limited power source
protection not required) (overcurrent protection required)
[ €lass2 €lass3 €lass2 Class 3
Circuit V°|tL199 Vimax over20 - | over30— | over30-— over 20— | over30[- | over 100 -
(volt3)® 0-20 30 150 100 0-20 30 100 150
Power limitatiols (VA)max - - - - 250° 250 250 NA
(volt-amps)?
Current limitatigns I, 8.0 8.0 0.005 150/V max | 1000/V pax | 1000/¥1ax | 1000/V oy 1.0
(amps)®
Maximum overgurrent - - - - 5.0 100/V pax 100/V phy 1.0
protection (amgs)
Power VA (volt- 5.0 X Vinax 100 0.005 x 100 5:0% Vmax 100 100 100
source amps) Vmax
r:gar:g;;rt'; Current 5.0 100V,0 | 0.005 | 100/V,5 5.0 100V, | 1000, L | 1000V,
ratings (@amps)
Voltage ranges|shown are for sinusoidal AC in indoor locations or where wet contact is not probable. For non-sinusgidal or wet

8V max: Maximu

Iax: Maximum
used. When a t
impedance, list
stored energy {

VAnax: Maximu
used. Current-|

® When the poy
¢ For non-sinus

Class 3 wiring 1
sinusoidal AC.

M output voltage regardless of load with rated input applied.

butput current under any noncapacitive load, including short-circuit, and with overcurrent protection
Fansformer limits the output current, |, \limits apply after one minute of operation. Where a current-|
bd for the purpose, or as part of a listed-product, is used in combination with a nonpower-limited tran
ource, e.g., storage battery, to limit.the output current, |, limits apply after 5 seconds.

n volt-ampere output after one minute of operation regardless of load and overcurrent protection byy
miting impedance shall not\be bypassed when determining |, and VA 4.

er source is a transfarmer, VAo« is 350 or less where V. is 15 or less.

pidal AC, V. shallaot be greater than 42.4 volts peak. Where wet contact (immersion not included
hethods shall be.used, or V5, shall not be greater than 15 volts for sinusoidal AC and 21.2 volts peg

bypassed, when
iting

Lm
former or a

bassed, when

is probable,
k for non-

_Table 52.2

1t

——— Power-sotree-limitationsfor-direet-curre

Class 2 and Class 3 circuits

L7}

Circuit Inherently limited power source® (overcurrent Not inherently limited power source
protection not required) (overcurrent protection required)
Class 2 Class 3 Class 2 Class 3
Circuit voltagbe Vinax over 20 — | over 30 — | over 60 — | over 60 — over 20 — | over 60 — | over 100
(volts) 0-20 30 60 150 100 0-20 60 100 —-150
Power limitations - - - - - 250° 250 250 NA
(VA)max (VoIt-amps)®
Current limitations I, 8.0 8.0 150/ V max 0.005 150/V max 1000/ 1000/ 1000/ V nax 1.0
(amps)° Vinax Vimax

Table 52.2 Continued on Next Page
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Table 52.2 Continued

BV ax: Maximun]

Imax: Maximum d
used. When a tr|
impedance, listg
stored energy s

VAnax: Maximury
used. Current-li

¢ When the pow

4 For DC interru
is probable, Cla
DC that is interr

Circuit Inherently limited power source® (overcurrent Not inherently limited power source
protection not required) (overcurrent protection required)
Class 2 Class 3 Class 2 Class 3
Circuit voltagbe Viax over 20 — | over 30 — | over 60 — | over 60 — over 20 — | over 60 — | over 100

(volts) 0-20 30 60 150 100 0-20 60 100 - 150
Maximum overcurrent - - - - - 5.0 100/ Vinax | 100/ V pax 1.0
protection (amps)
Power VA (volt- 5.0x 100 100 0.005 x 100 5.0x 100 100 100
source amps) Vimax Vmax Vmax
maximum

urren 50 100\, 100/ \. 0.005 100/\L 50 100\, 100\,

nameplate G ¢ TIaX TITax e e Thax 100/ Vmax
ratings AMpS)
Voltage ranges ghown are for continuous DC in indoor locations or where wet contact is not probable. For interrupted DC or wet-
contact conditiops, see note d.
@ A dry-cell battgry shall be considered an inherently limited power source, provided the voltage is 30 Valts’or less and the capacity

is equal to or legs than that available from series connected No. 6 carbon zinc cells.

h output voltage regardless of load with rated input applied.

utput current under any noncapacitive load, including short-circuit, and with overcurrent protection b

Ansformer limits the output current, 1., limits apply after 1 minute of opefation. Where a current-limiting

d for the purpose or as part of a listed product, is used in combinationwith a nonpower-limited trans
urce, e.g., storage battery, to limit the output current, 1., limits apply after 5 seconds.

h volt-ampere output after one minute of operation regardless\of lead and overcurrent protection byp|
nited impedance shall not be bypassed when determining | gand VA ax-

br source is a transformer, (VA)nyax is 350 or less where M. is 15 or less.
bted at a rate of 120 to 20 Hz, V5, shall not be greaterthan 24.8 volts. Where wet contact (immersiq

Es 3 wiring methods shall be used, or V.5, shall notibe greater than 30 volts for continuous DC and 1
pted at a rate of 10 to 200 Hz.

ypassed, when

ormer or

hssed, when

n not included)
.4 volts for

52.1.3 Rela
a) Tra
b) The

c) Cirg
tempe

d) Sui

ive to 52.1.2, acceptable means for current limiting include:
nsformer winding impedance,
rmal link embedded:within the winding overwrap of a transformer,

uit components-(resistors, regulators, transistors, and similar devices) which co
rature test.under |5, condition, and

mply with the

able current-limiting impedances (positive temperature coefficient varistor, and the like).

52.1.4 Rela

ive-to 52.1.2, the following are not acceptable means of current-limiting:

a) Circuit component burnout;

b) Permanent or replaceable fuses;

¢) Opening of conductors on printed-wiring boards; and

d) Opening of internal wiring conductors.

52.1.5 The overcurrent protection device specified in 52.1.2 shall be of the non-interchangeable type
such that it cannot be renewed in the field with an overcurrent device having a higher current rating.

52.1.6 When conducting |,.x and VA, measurements, all overcurrent protection devices of the control
unit are to be short-circuited. However, current-limiting devices are not to be bypassed and are to be
allowed to remain functional.
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52.1.7 Where the product contains a float battery charger, V ax, Imax, @nd VA ,ax measurements are to be
conducted with both AC and battery connected to the product. If the product contains a battery transfer
relay or contains a trickle charge battery circuit, measurements of V., lmax @nd VA,.x are to be
conducted with the product first energized only from the AC power source and then repeated with the
product energized solely from the battery. The battery used during these measurements is to have the
largest capacity as specified in the manufacturer's installation document.

52.1.8 The loads referenced in 52.2.1 — 52.4.1 shall be resistive.
52.2 Maximum voltage

52.2.1 With

the nroduct eneraized r\nl\l fraom its rated nrimarvy nower SOLHCS; the ol |fn| it
1 1) g P A o

oltage of the

circuit under
conditions. T
the product
energized s@
Viax Vvalue

requirements

test is to be measured whlle the circuit is connected to full rated Ioad and unde
he maximum voltage recorded under these two conditions is to be considered
incorporates a secondary source of supply, the test is to be repeated with
lely from the secondary power source and with the primary power source discg
pbtained from each power source is to be considered separately when
of Table 52.1 or Table 52.2.

52.3 Maxi

52.3.1

um current

In ofder to determine compliance with the |, limitation,/a variable load resistor

draw rated durrent is to be connected across the circuit. The current through the load res

noted and

e load removed. The resistance of the load shall then be incrementall

momentarily [reconnected across the circuit while noting the current, and then removed. The
be repeated until a short-circuit condition is obtained. The load resistor is then to be readjus
capable of pfoducing and maintaining a current equal to the maximum permitted in Table 5

r open circuit
Vimax- Where

the product
nnected. The

applying the

initially set to
istor is to be
y decreased,
method is to
ted to a value
.1 and Table

52.2. The logd resistor is then to be connected\to the circuit and the current through the

measured aff

52.3.2 The
energized an
when the ou
continuously
momentary g

52.3.3 Wh¢g

er 1 minute or after 5 seconds as-determined from Table 52.1 or Table 52.2.

maximum current measurement is to be the rms value for circuits that a
d the peak value for circuits that pulse the output. The measurement of the time
fput is initially energized with the load specified in 52.3.1, and continues until
below the |, value'indicated in Table 52.1 or Table 52.2. The time period is t
eriod where the output current temporarily drops below the required |, value li

re a transformer limits the value of I,,,,, and when I, cannot be maintained for

load resistor

re constantly

period starts
the current is
o include any
mit.

1 minute due

to transformer burnout, a plot of current versus time is to be generated and the graph extijapolated to 1

minute. The

esults.satisfy the requirement of the test when the extrapolated value of |, at

minute does

not exceed the.ly,, limitations as indicated in Table 52.1 or Table 52.2.

52.3.4 Where a transformer does not limit the current of I,,,,, and when the maximum current through the
load resistor cannot be maintained for 5 seconds due to current-limiting devices (opening of thermal link
power supply foldback, PTC varistor effect, and similar devices) the current load resistor shall be adjusted
to a value which will produce a current just above the |, value indicated in Table 52.1 or Table 52.2. The
results are in compliance when the |, value stated in Table 52.1 or Table 52.2 cannot be maintained for
more than 5 seconds.

52.4 VA,.x (not inherently limited circuits only)

52.4.1 In order to determine VA, the product is to be energized from a rated source of supply and the
circuit under test open-circuited. A variable load resistor, initially set to draw rated circuit current, is then to
be connected across the circuit, the circuit voltage and current recorded, and the load removed. The
resistance of the load is then to be incrementally decreased, momentarily reconnected across the circuit
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while recording the voltage and current, and then removed. This procedure is to be repeated until the load
resistance has been reduced to a short circuit. Using the recorded voltage and current, the volt-ampere
output under each load condition is to be calculated. The load resistor is then to be adjusted to that value
which produced the maximum volt-ampere calculated and then connected to the circuit. After 1 minute, the
voltage and current are again to be measured. The results of this test are acceptable if the calculated volt-
ampere output of the circuit after 1 minute does not exceed the value specified in Table 52.1 or Table 52.2,
as appropriate.

53 Compatibility Tests

53.1 General

interconnection of the product with other devices shall be evaluated for thela purpose of
h coordinated system relative to the intended signaling and without risk of fire e|ectric shock,
rsons.

53.1.1 The
operating as
or injury to pe

53.1.2 The
53.2.1.1 — 53
action.

described in
naling and/or

requirements in 53.1.1 apply to products connected to or provjdihg circuits
.5.2.3, and by which the operating parts of the product are.acttuated for sig

53.2 Notifigation appliance circuits (NAC)

53.2.1 Rating

53.2.1.1 Al
designations

Exception: O
specified in S|

53.2.1.2 NA
synchronizati
subsets of th
evaluated as
not preclude
other devices

53.2.1.3 Prq

notification appliance circuits of a product.shall be identified by at least one
shown in Table 53.1.

Ltput circuits intended to be connected to speakers shall comply with the outpU
ections 48, Power Input/Output-Characteristics, and 51, Variable Voltage Operat

C circuits that employ integral signaling schemes, or that connect to separate
bn modules) employing “signaling schemes, to synchronize, to activate an
e appliances on a NAC, or to change the output (e.g. color or tone) of applian
special applications when assembled in a system with those devices/appliance
these circuits from also being evaluated and marked as regulated circuits wh
appliances‘that do not require these signaling schemes.

viding-multiple ratings on a NAC is permissible as long as one of the ratings i

of the rating

t parameters
ion Test.

devices (e.g.
d deactivate
ces, shall be
s. This does
en used with

5 a regulated

rating to meet therequirements of 33.14.

Table 53.1
Voltage types and ratings
Rating designation Voltage type Maximum RMS voltage range limits
Regulated 12 DC DC 8-17.5
Regulated 24 DC DC 16-33
Regulated 12 FWR FWR 8-17.5
Regulated 24 FWR FWR 16 - 33
Regulated 120 AC AC 96 — 132
Regulated 240 AC AC 192 — 264
Special application Any Rated
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53.2.2 Voltage measurement test

53.2.2.1 While the product is energized at the voltage extremes described in the Variable Voltage
Operation Test, Section 51, the voltage of the circuit shall be maintained within the voltage range limits
shown in Table 53.1, under the load conditions indicated in Table 53.2 for circuits rated “regulated”, and
Table 53.3 for circuits rated “special application”.

Exception: Products with notification appliance circuits intended for connection to a synchronized
repetitive pulsing load are not required to be subjected to Condition 4 in Table 53.2 and Condition 3B in
Table 53.3.

Table 53.2
Regulated NAC circuits

Conditi¢n Magnitude Duration Frequency Refjuired circuit
voltage
1 (non-pulsing load) Minimum circuit rating Continuous Continuous Rated RMS value
2 (non-pulsinf load) Maximum circuit rating Continuous Continuous Rated RMS value
3 (synchronized Impedance load equal to 5 times 16.7 milliseconds 2 hertz Rated RMS value
repetitive pulsing load) the maximum circuit rating dufing individual
appljcation of surge
mpedance
4 (non-synchionized Impedance load equal to the Continuous Continuous Rated RMS value

repetitive pulsing load) maximum circuit rating plus the
greater of the following currents:

a) A value equal to 1.5
times the maximum
single notification
appliance operating
RMS current rating
specified to be
connected tojthe circuit.

b) Awalue equal to 4
times'the maximum
single notification
appliance operating
RMS current rating
specified for connection
to the circuit where the
maximum number of
appliances exceed 30.

Table 53.3
Special application NAC circuits
Required circuit
Condition Magnitude Duration Frequency voltage
1 (non-pulsing load) Minimum circuit rating Continuous Continuous Rated RMS value
2 (non-pulsing load) Maximum circuit rating Continuous Continuous Rated RMS value
3A (synchronized Impedance load equal to the See note (1) 2 hertz Rated RMS value
repetitive pulsing load) | maximum peak of the repetitive during individual

Table 53.3 Continued on Next Page
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Table 53.3 Continued

Condition

Magnitude

Duration

Frequency

Required circuit
voltage

surge current of the notification
appliance multiplied by the
specified maximum number of
corresponding notification
appliance to be used on the
circuit.

application of surge
impedance

3B (non-synchronized
repetitive pulsing load)

Impedance load equal to the
maximum circuit rating plus the
greater of the following currents:

Continuous

Continuous

Rated RMS value

a) A value equal to 1.5
times the maximum
single notification
appliance operating
RMS current rating
specified to be
connected to the circuit.

b) A value equal to 4
times the maximum
single notification
appliance operating
RMS current rating
specified for connection
to the circuit where the
maximum number of
appliances exceed 30.

Connected to the maximum
specified number of the
notification appliance to be used
on the circuit.

See note (2)

See note (2)

See note (2)

NOTES

1) Surge currert time frame window specified by'thé manufacturer of the special application notification appliance.

2) The combingtion of product and notification appliance shall comply with the Signal Strength and Format Test in the Standard for
Signaling Devides for the Hearing-Impaired, UL 1971, or the Standard for Visible Signaling Devices for Fire Alarm and Signaling
Systems, Including Accessories, UL 1638, and/or the Audibility Test in the Standard for Audible Signaling Devices f¢r Fire Alarm
and Signaling Jystems, Including Accessories, UL 464, as applicable.

53.2.2.2 The circuit-veltage shall additionally be maintained within the voltage range limits shown in
Table 53.1 fof Conditions 2 and 4 in Table 53.2 and Conditions 2, 3B, and 4 in Table 53.3 wheen maximum
specified lineloss.calculations are utilized.

53.2.2.3 Products not intended for use with synchronized appliances and employing the additional

information specified in 82.6(d) are not required to be subjected to:

a) Condition 3 in Table 53.2;

b) Condition 3A in Table 53.3;

¢) Condition B in Table 53.4; or

d) Condition A2 or B2 in Table 53.5.
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Table 53.4
Regulated NAC circuits
surge current immunity loading
Condition Magnitude Duration Frequency
A (initial surge current load) Impedance load equal to 10 times the 16.7 milliseconds Once per minute
current rating for the NAC circuit.
B (repetitive surge current Impedance load equal to 5 times the 16.7 milliseconds 2 hertz
load) current rating for the NAC circuit.
Table 53.5
Special application NAC circuits
surge current immunity loading
Conditign Magnitude Duration Frequency Cycles
A1 (initial spirge Impedance load equal to the maximum See note (a) Onee/per minute 50
current logd) peak of the initial surge current multiplied by
the specified maximum number of
corresponding notification appliance to be
used on the circuit.
A2 (repetitive] surge Impedance load equal to the maximum See nofe/(a) 2 hertz 50
current logd) peak of the repetitive surge current
multiplied by the specified maximum
number of corresponding notification
appliance to be used on circuit.
B1 (initial sprge Connected to the maximum specified Circuit cycled Once per minute 50
current logd) number of the notification appliance to be into the alarm
used on the circuit. condition for 5
seconds
B2 (repetitive| surge Connected to the maximum specified Circuit activated n/a n/a
current logd) number of the notification appliance to be in alarm
used on the circuit. condition for 15
minutes
@ Surge currenf time frame window specified by.the manufacturer of the special application notification appliance.
53.2.2.4 Fdqr circuits rated as-*special application", the loads specified in Conditions 1 and| 2, and either
3(A and B) ¢r 4, in Table.5373 shall be applied. The test shall be repeated for each model notification
appliance spkcified in the installation instructions.
53.2.2.5 Raefer t6:82.6(d) for the required rating information to be included in the installation wiring
diagram/inshluctions.

53.2.3 Surge current immunity

53.2.3.1

product shall operate as intended and:

a) Not falsely annunciate alarms or troubles;

b) Not reset during an alarm condition;

c) Not cause product failure; and

d) Not cause overcurrent or current-limiting devices to operate,

when each notification appliance circuit is subjected to the tests described in 53.2.3.2 — 53.2.3 4.

While the product is energized from a source of supply in accordance with Table 31.1, the
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53.2.3.2 Each circuit shall be subjected to electrical noise created by the momentary opening of the
circuit with a series connected relay contact. The relay contact shall be unflashed silver with a minimum air
gap between contacts of 2 millimeters. The relay shall be operated at a rate of 10 cycles per second, with
a 50 percent on-/off-duty cycle, for a total of 15 minutes. During this test, the product shall be placed in the
alarm condition and connected to maximum rated load(s) with the load of the circuit under test adjusted to
a 0.6 power factor.

53.2.3.3 Each circuit designated "regulated" as indicated in Table 53.1 shall be subjected to fifty cycles of
each of the resistive loads specified in Table 53.4.

53.2.3.4 A notification appliance circuit that is designated as "special application" as indicated in Table

53.1 shall be

connected to the loads indicated in either Condition A(1 and 2) or B(1 and 2) i

n Table 53.5.

The test shall
53.4 Power
53.4.1
identified in t
output shall ¢

shall comply

53.4.2 The

load, or a mipimum load specified by the manufacturer, is cennected to all output circuits o

and while the|
secondary op

53.4.3 The
the input ope
voltage level
any seconda
connected tg
resistance co

53.4.4 For products using a standby battery, the same regulation (85 — 110 percent of ra

maintained af
varied betwe
described in §

A circuit of a product that supplies only operating power to other~system prody

be repeated for each model notification appliance specified in the installation ins
output circuits
ne installation instructions as being a regulated or a special application output

pmply with 53.4.2 — 53.4.4 and shall have a single voltage rating. A special appli
vith 53.4.5 and 53.4.6.

butput voltage of a regulated circuit shall not exceed 110 percent of rated volt

primary operating input voltage to the productisradjusted to 110 percent of rate
erating power to the product is to be connected during this test.

putput voltage of a regulated circuit shall not be less than 85 percent of rated
ransfer voltage as determined in"accordance with 39.2.3, whichever is less. Du
'y operating power to the preduct shall be disconnected, all circuits of the pro

maximum rated load (as:determined at rated input voltage), and with m
hnected to the circuit under test.

the regulated Qutput circuit with the AC power disconnected and when the batt

3.4.2 and.563.4.3, respectively.

53.4.5 Apo
be identified i

weroutput circuit that has a voltage deviation greater than permitted in 53.4.2 -
h'the installation instructions as "special application". In addition, the installatio

tructions.

cts shall be
A regulated
cation output

hge when no
f the product
d value. Any

oltage when

ating voltage to the product is adjusted to 85 percent of rated value or to 1 V abpove the low-

ring this test,
duct shall be
aximum line

ing) shall be
bry voltage is

bn 85 — 110.percent of the nominal marked battery rating, under the circuit load conditions

- 53.4.4 shall
h instructions

shall describe by manufacturer's name and model designation, the specific appliance(s) intended to be
powered by the circuit.

53.4.6 The output voltage of a special application output shall not deviate more than the operating limits
of the specified appliance while the input voltage to the product is varied between 85 and 110 percent
under any load condition (full or minimum circuit and product load, and zero or maximum series line
resistance). The operating limits of an appliance are the voltage range over which the appliance has been
tested during the tests in Sections 32 — 46, and the Variable Voltage Operation Test, Section 51.


https://ulnorm.com/api/?name=UL 2572 2024.pdf

JANUARY 10, 2024 UL 2572 115

53.5 Signaling line circuit (SLC)

53.5.1 General

53.5.1.1 The overall combination of control unit and device(s) connected to the signaling line circuit
(SLC) of a control unit shall comply with the requirements for the device (for examples, notification
appliances complying with the Standard for Audible Signaling Devices for Fire Alarm and Signaling
Systems, Including Accessories, UL 464, the Standard for Visible Signaling Devices for Fire Alarm and
Signaling Systems, Including Accessories, UL 1638, or the Standard for Signaling Devices for the Hearing
Impaired, UL 1971; and equipment complying with UL 2572), which transmit a signal to the control unit

representative of the sensor portion of the device and/or are addressable.

53.5.1.2 In
energized as
connected tq
circuit loadin
signaling lin
combination
53.5.2.3.

order to determine compliance with 53.5.1.1, the control unit shall be, cd
specified in the installation wiring diagram/instruction and a sample of the’d
the SLC. In addition, the maximum number of devices or a substitute-load
b circuit field wiring shall be connected between the device~and the con
control unit and device shall then be subjected to the applicable 'fequirements

53.5.2 Alaimm and/or trouble threshold limits

53.5.2.1 THh
requirements
tolerances of

e alarm and/or trouble limits determined by the ¢ontrol unit for a device shall cd
for the device (for examples, see 53.5.1.1)~The limits shall be adjusted tq
the control unit in the processing and interprétation of signals from the device.

53.5.2.2 Fig¢ld programming of alarm and/or troublée limits outside of the values determine

are prohibite

a) Re
selec

b) Lin

1. Where the limits for a specific device vary for each application, the user shall K

quired to select the application” prior to choosing alarm or trouble limits, wh
able limits are applicable for.the application or

hited to selecting alarm and/or trouble values to the most restrictive of the com

for the various applicatiofs:

53.5.2.3 In
interpreted b
device while

a) Th

order to determine compliance with 53.5.2.1, the alarm and trouble values p
y the control unit shall be compared to corresponding known signals transm
the product/device combination is subjected to the following tests:

e \/ariable Voltage Operation Test, Section 51;

nfigured and
bvice is to be
of equivalent

g, and the maximum line resistance, capacitance and inductance lrepresenmtative of the

rol unit. The
of 53.5.2.1 —

mply with the
include any

d by 53.5.2.1
e either:

ere any field

bined ranges

rocessed and
tted from the

b) The Variable Ambient Temperature and Humidity Test, Section 56;

c) The Overload Test, Section 57;

d) The Endurance Test, Section 58; and

e) The Jarring Test, Section 59; and

f) The Transient Tests, Section 61.

54 Component Temperature Test

54.1

shall not reach a temperature at any point high enough to:

A product, when operated under any normal condition of intended use and at maximum rated load,
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a) Result in a risk of fire or electric shock;
b) Adversely affect any materials in the product; or

c) Exceed the temperature rises at specific points as specified in Table 54.1 and Table 54.2.

Exception: A component with a temperature exceeding that indicated in Table 54.1 is not prohibited from
being used when reliability data at the higher temperature is provided by the manufacturer to justify its use.

Table 54.1
Maximum temperature rises

electronic-components

Component or device Normal standby (i.e. any long | Alarm condition (j.e. short term
term emergency condition of operating condition of
operation or any non- emergency sfgnaling),
emergency operating
condition),
°F (°C) °F (°C)
A. COMPONENTS
1. Capacitdrs? 45 (25) 72 (40)
2. Resistorg®
Carbor 45 (25) 90 (50)
Wire-wpund 90 (50) 225 (125)
Other 45 (25) 90 (50)
B. SOLID-STA'I]E DEVICES See note (c)

2 1n lieu of comilying with these temperature limits, a componhent shall meet the derating parameters specified in Table 44.1 or the
component religbility assessment specified in 44.2, Exception No. 1 (b) or (c).

® In lieu of complying with these temperature limits, afresistor shall not dissipate more than one-half of its maximum power rating
under the test gonditions specified or component réliability data based on actual performance in a similar applicatior}, or the

Military Handbdok, Electronic Reliability Desigh Handbook, MIL-HDBK-338, or equivalent, such that the failure rate |s equal to or
less than 0.5 fallures per million hours of operation.

¢ The temperatyre of a solid-state device-(such as a transistor, SCR, or integrated circuit) shall comply with one of the following:

1) Not excded the temperaturelimits specified in both (a) and (b):

a) 50 prcent of its ratedjunction temperature, or storage temperature when not rated for junction temperatfire, during the
normal|standby condition and during any non-fire or emergency signaling condition.

b) 75 percent of its rated junction temperature, or storage temperature when not rated for junction temperatpre, under the
alarm dondition or any other short term condition of operation which produces the maximum temperature digsipation of
the coiponent.

For referencepurposes, 32°F (0°CJshaltbe determined as 0 percent. For Mtegrated CIfcuits,; the toading factor-shall not
exceed 50 percent of its rating under the normal standby condition and 75 percent under any condition of operation.

2) Not exceed 100 percent of its rating under any condition of normal use and the component is subjected to one of the
following:

a) For integrated circuits the component complies with the requirements of MIL-STD 883H. For all other solid state
devices (such as diodes, transistors, SCR’s, LEDs) the component complies with the requirements of MIL-STD-750F.

b) A quality control program established by the manufacturer consisting of inspection and testing of all pertinent
parameters of 100 percent of components either on an individual basis, as part of an assembly, or the equivalent.

c) Each assembled production unit is subjected to a burn-in test under the condition which results in the maximum
temperatures for 24 hours, while connected to a source of rated voltage and frequency in an ambient of at least 120°F
(49°C), followed by an operation test for normal signaling performances.

d) Component reliability data based on actual performance in a similar application, or the Military Handbook "Electronic
Reliability Design Handbook, MIL-HDBK-338" or equivalent, such that the failure rate is equal to or less than 0.5 failures
per million hours of operation.
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Table 54.2

Maximum temperature rises — materials and component parts

13. Insulated c

capable of resulting in a risk of fire, electric shock, injury to persons or risk from
electrical-energy/high-current levels®.

onductors, appliance wiring material

14. Sealing compound

15. Printed-wiring board

72°F (22°C) less than melting point

see note b

see note ¢

Materials and component parts °F (°C)
1. Varnished cloth insulation 108 (60)
2. Fuses:
a)Class G, J, L, and CC:
Tube 180 (100)
Ferrule or blade 153 (85)
b) Others 117 (65)
3. Fiber used gSelectrical insutation TT7 (65)
4. Wood and s|milar combustible material 117 (65)
5. Any point or] or within a terminal box on a permanently wired unit (see 81.1.8) 117 (65)
6. A surface ugon which a permanently wired unit is mounted in service, and surfaces 117, (65)
that are adjacgnt to the unit when it is so mounted
7. Enclosure syirfaces:
a) Surfacep subject to contact during intended use or maintenance:
Metallic] 63 (35)
Nonmefallic 108 (60)
b) Other syrfaces:
Metallic 81 (45)
Nonmefallic 126 (70)
8. Class 105 (fprmerly Class A) insulation systems on windings of; relays, solenoids,
magnets, and $imilar parts:
Thermocoliple method 117 (65)
Resistancg¢ method 153 (85)
9. Class 130 (fprmerly Class B) insulation systems.on windings of relays, solenoids,
magnets, trangformers, and similar parts:
Thermoco1ple method 153 (85)
Resistancg method 189 (105)
10. Class 155 jnsulation systems en/windings of relays, solenoids, magnets,
transformers, gnd similar parts:
Thermocoliple methed 198 (110)
Resistancg methed 216 (120)
11. Class 180 ipsulation systems on windings of relays, solenoids, magnets,
transformers, and-Sinitarparts:
Thermocouple method 225 (125)
Resistance method 243 (135)
12. Phenolic composition used as electrical insulation or as a part whose malfunction is 225 (125)

investigated and determined to meet the requirements for use at higher temperatures.
b 77°F (25°C) less than the established temperature rating of the wire.

¢ Temperatures on the surface of any printed-wiring board shall not exceed the temperature limits of the board.

@ The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have been
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54.2 All values for temperature rise apply to equipment intended for use with ambient temperatures
normally prevailing in occupiable spaces which usually are not higher than 77°F (25°C). When equipment
is intended specifically for use with a prevailing ambient temperature constantly more than 77°F, the test of
the equipment is to be made with the higher ambient temperature, and the allowable temperature rises
specified in Table 54.1 and Table 54.2 are to be reduced by the amount of the difference between that
higher ambient temperature and 77°F.

54.3 Temperature measurements on equipment intended for recessed mounting are to be made with the
unit installed in the intended manner on or against the black painted surface of an enclosure of 3/4 inch
(19.1 mm) wood such that the walls of the enclosure make a close fit with the product and extending
approximately 2 inches (50.8 mm) on the top, sides and rear, and the front extended to be flush with the
product cover.

54.4 A proquct shall be connected to a supply circuit of rated voltage. A produet having a single
frequency rat|ng is to be tested at that frequency. A product rated AC/DC or DC — 60'hertz ig to be tested
at both direct|current and 60-hertz alternating current. A product rated 25 — 60 hertz,or 50 — B0 hertz is to
be tested on $0-hertz alternating current.

54.5 A product that is rated for use at more than one voltage or for a range 'of voltages shalf be tested at
each supply Joltage.

54.6 A product that is rated for use at more than one voltage; or a range of voltages, arld contains a
tapped transformer or other means of being adapted to different supply voltages shall be fested at the
most unfavorable combination of supply voltage and voltage adjustment.

Exception: The product is to be tested while connected.according to the manufacturer's instrlictions when
the product ig marked according to 81.1.20.

54.7 For theg purpose of prescreening, thermocouples consisting of wires not larger than 24 AWG (0.21
mm?) and no{ smaller than 30 AWG (0.05-mm?), and an infrared temperature probe or the equivalent, are
not prohibited from being employed to\identify those components and/or materials in which compliance
with 54.1 is qliestionable and, therefore,/requiring the measurements indicated in 54.8.

54.8 Temperatures are to bemeasured by thermocouples except the change-of-resistance method shall
be used for doil and winding temperatures where the coil is inaccessible for mounting of thermocouples
(for example,|a coil immersed in sealing compound) or where the coil wrap includes thermall insulation or
more than tw¢ layers [1/32'inch (0.8 mm) maximum in total thickness] of cotton, paper, rayon, |or the like.

54.9 Whengvertemperature measurements by thermocouples are necessary, thermocouples consisting
of 30 AWG (4.05)mm?) iron and constantan wire and a potentiometer-type instrument are to be used. The
thermocouple wire is to conform with the requirements in the Initial Calibration Tolerances for
Thermocouples table in Standard Specification and Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples, ANSI/ASTM E230/E230M.

5410 The temperature of a copper coil winding is determined by the change-in-resistance method,
wherein the resistance of the winding at the temperature to be determined is compared with the resistance
at a known temperature by means of the formula:

=R (234541 - 2345
»

in which:

T is the temperature to be determined in degrees C;
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R is the resistance in ohms at the temperature to be determined;

ris the resistance in ohms at the known temperature; and

t is the known temperature in degrees C.

54.11

As it is generally necessary to de-energize the winding before measuring R, the value of R at

shutdown is to be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after the instant of shutdown. A curve of the resistance values and the time is to be

plotted and e

xtrapolated to give the value of R at shutdown.

54.12 The circuit of a current-regulating resistor or reactor provided as part of a product is to be adjusted

for the maximhum resistance or reactance at rated load.

54.13 Com
conditions:

a) No
any T
prody
disch

bonent temperature is to be determined while the product is operatedjunder

rmal supervisory condition (i.e. any long term fire or smoke control“condition o
on-fire or non-emergency operating condition) until constant_ temperatures
ct is intended to charge standby batteries, this test shall be ‘eonducted while ¢
brged battery (as defined in 55.2.1 — 55.2.5).

the following

f operation or
beeurs. If the
bnnected to a

b) Alarm condition (i.e. any short term operating condition’ of fire, smoke control, ¢r emergency

signa
load ¢

54.14 A tern
10 percent 9
change.

5415 Ina
alarm conditi

54.16 A prg
such as a ti
produced no
rate permitte

54.17 Whe
alarm-signal

ing which produces the maximum component temperature dissipation) under m
onditions until constant temperatures occur.

hperature is determined to be constant when three successive readings taken
f the previously elapsed duration of thestest, but not less than 5-minute interval

aximum rated

at intervals of
s, indicate no

product having provision for multiple zones, all initiating circuits shall be actuated during the

on.

duct which is intended to provide coded impulse signals is to be operated by a
mer switch, at a(rate of 120 impulses per minute; except that, if the signal
rmally by a devicé which is a part of the product, the test impulses are to be at
H by the design.

N a time=limit cutout is provided as part of the product, and is not intended to lir
opéeration, it is to be shunted out of the circuit for the duration of the test.

psting device,
impulses are
the maximum

hit the time of

55 Charging Current Test

55.1

55.1.1

General

products provided with standby batteries.

55.2 Disch

55.2.1

arged battery

85 percent of the marked nominal battery voltage.

This test is to be conducted in conjunction with the Component Temperature Test, Section 54, on

The terminal voltage of a battery discharged as specified in 55.2.2 — 55.2.5 shall not be less than
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55.2.2 The battery is first to be charged by applying AC input power to the product for 48 hours, during
which the product is to be operated continuously with normal standby load connected. AC input is then to
be disconnected, and terminal voltage of the battery is to be measured one minute after disconnection.

55.2.3 The battery is then to be discharged by maintaining the normal standby load connected to the

output for the

applicable period specified in (a), (b) or (c):

a) 4 hours, where secondary (standby) power is intended to be used in conjunction with an

automatic-starting engine-driven generator;
b) 24 hours;
C) A | IHCI thall 24 hUuI pUI ;Ud do dUDbI ;bcd ;II thc ;I |ata”at;un duuul 11ClT It Uf thU pl udu\.t

55.2.4 For products which normally have no status change signaling operations during t

period, the n
supervisory [
products whig

brmal standby load shall be the quiescent current of the product plusyany spe
ower supply loads not automatically disconnected upon transfer, o, secondar
h will normally have status-change signaling occurring throughotit the discharg

which draw more operating current when signaling then while in the quiescent mode, the no

load shall be
supervisory p|

55.2.5 Atth
capacity to su
the applicable

a) Pro
maxim

a steady state load equal to the signaling current of the product plus any spe
pwer supply loads not automatically disconnected upon transfer to secondary pg

e conclusion of the normal standby discharge period; the secondary source s
stain the full alarm load using the input signal defined in the Endurance and Ovs
equipment and time period specified in (a) — (€):

ducts operating alarm notification appliances used for relocation / evacuation s
um rated alarm load applied for 153minutes or any longer period as des

installation document of the product.

b) Pro
minim

c) An

ducts supporting textual appliances shall have sufficient secondary power to
Lim of two hours of continued display time.

HPSA system shall be subjected to 60 minutes of maximum evacuation alarm lo

55.3 Charggd battery

55.3.1 The
voltage meas

55.3.2 Att
reapplied to

erminal vgltage of a battery charged as specified in 55.3.2 shall be at least 95 ¢
red in65.2.2.

conclusion of the test sequence described in 55.2.2 — 55.2.5, AC input pg

; or
he discharge
cified normal
y power. For
e period and
rmal standby
cified normal
wer.

hall have the
rload test for

hall have the
tribed in the

bperate for a

nd.

ercent of the

wer is to be

nuously with

normal standby load connected. At the conclusion of the 48-hour recharge time, AC power is to be

disconnected

and battery terminal voltage measured after one minute.

55.4 Discharged battery — second trial

55.4.1

The terminal voltage of a battery shall not be less than 85 percent of the marked nominal battery

voltage after the battery has been discharged as specified in 55.2.3 and 55.2.5 following charging as
specified in 55.3.2.
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56 Variable Ambient Temperature and Humidity Tests
56.1 General

56.1.1 A product shall operate in the intended manner for all conditions of intended use at the test
ambient conditions specified in 56.2.1 — 56.4.2. For amplifiers, immediately following the exposures in
56.2.1 — 56.4.2, the product shall comply with the requirements of the Harmonic Distortion Test, Section
49, at the maximum and minimum frequencies of the bandwidth.

Exception: Test ambients of 55 +3°F (13 +2°C) and 95 +3°F (35 +2°C) are permitted to be used and the
humidity test is not required to be conducted when all the following conditions are met:

a) The installation instructions indicate:

1) That the equipment is to be installed in an environment constantly’maintajned between
the ambient conditions indicated above and

2) The heating and cooling systems for the controlled environment are supplied by a
standby power source capable of sustaining the systems fora,minimum stangby time of 24
hours.

b) The equipment is marked with the ambient temperature limitations.

56.1.2 Thelunit is to be energized from a source of rated\voltage and frequency, and |connected to
maximum rafed load as described in 31.2.2.

56.1.3 Whgre a product has a marked rated input voltage expressed in a range of values|rather than a
single value,| each test ambient is to be conductedwith the unit energized at the voltage wWhere the unit
consumes the maximum power.

56.2 Low temperature test

56.2.1 An ipdoor dry product (intended for indoor use/dry locations) shall operate as interjded following
exposure to air at the lower of thefollowing temperatures:

a) 323°F (0 £2°C) ér

b) The lowest ambient operating temperature specified in the product's marking.

56.2.2 Thelunijt.is'to be maintained in the normal supervisory condition at the test ambient until thermal
equilibrium hps.been reached (4 hours minimum).

56.2.3 An indoor damp and wet product (intended for indoor use in damp or wet locations) shall operate
as intended following exposure to 20 cycles of temperature and humidity cycling. A temperature cycle
consists of a change from a temperature of 77 +9°F (25 +5°C) at a humidity of 95 +2 percent relative
humidity to the lower temperature indicated in 56.2.1 for a period of 30 minutes, and back to a temperature
of 77 +9°F at a humidity of 95 percent relative humidity. The rate of change shall be 3.6 +1.8°F (2 £1°C)
per minute.

56.2.4 An outdoor damp and wet product (intended for outdoor use in damp or wet locations) shall
operate as intended following exposure to 20 cycles of temperature and humidity cycling. A temperature
cycle consists of a change from an ambient of 77 +9°F (25 +5°C) at a humidity of 95 +2 percent relative
humidity to the lower of the temperatures indicated in (a) or (b) for a period of 30 minutes, and back to a
temperature of 77 £9°F at a humidity of 95 +2 percent relative humidity. The rate of change shall be 3.6
11.8°F (2 £1°C) per minute.
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a) Minus 40 £3°F (minus 40 £2°C) or

b) The lowest ambient operating temperature specified in the product's marking.

56.2.5 For the test method, the product is to be placed in a position of intended use in an air-circulating
environmental chamber. The environmental chamber is to be maintained at the appropriate temperature
and humidity indicated in 56.2.2 — 56.2.4. At the completion of the exposure, while at the low temperature,

the product is to be operated for all conditions of intended use.
56.3 High temperature test

56.3.1

An igdmdmu@uﬂﬂn@MMmu&aﬂW@sMﬂaaﬂn&Med following
exposure to gir at the higher of the following temperatures:

a) 120 +3°F (49 +2°C) or

b) Thg highest ambient operating temperature specified in the product's marking.

56.3.2 The
equilibrium h

Iinit is to be maintained in the normal supervisory condition_at the test ambient
s been reached (4 hours minimum).

56.3.3 An indoor damp and wet product (intended for indoor us€’in‘"damp or wet locations)
as intended following exposure to 20 cycles of temperature and humidity cycling. A temp
consists of alchange from a temperature of 77 +9°F (25 £5%C) at a humidity of 95 +2 pe
humidity to the higher temperature indicated in 56.3.1 for a period of 30 minutes, an
temperature of 77 £9°F at a humidity of 95 +2 percentrelative humidity. The rate of change
+1.8°F (2 £1°C) per minute.

56.3.4 An qutdoor damp and wet product (intended for outdoor use in damp or wet log
operate as infended following exposure to 20:cycles of temperature and humidity cycling. A
cycle consist$ of a change from an ambient of 77 +9°F (25 +5°C) at a humidity of 95 12 pe

until thermal

shall operate
brature cycle
rcent relative
d back to a
shall be 3.6

ations) shall
temperature
rcent relative

nd back to a
shall be 3.6

humidity to the higher of the temperatures indicated below for a period of 30 minutes, a
temperature ¢f 77 £9°F at a humidity of 95 +2 percent relative humidity. The rate of change
1+1.8°F (2 £1°C) per minute.

a) 151 £3°F (66 £2°C).or

b) Thg highest ambient operating temperature specified in the product's marking.

56.3.5 For the.test method, the product is to be placed in a position of intended use in an air-circulating
environmentgl echamber. The environmental chamber is to be maintained at the appropriateTtemperature
and humidity as indicated in 56.3.1 — 56.3.4. While in the high temperature test ambient, the unit shall be
maintained in each condition of intended use, other than normal supervisory, for a minimum of two hours
or until constant temperature of its parts is reached.

56.4 Humidity test

56.4.1 An indoor dry product (intended for indoor use/dry locations) shall operate in the intended manner
after having been exposed for 24 hours to moist air having a relative humidity of 93 +2 percent at a
temperature of 90 £3°F (32 £2°C). At the completion of the exposure, while at the high humidity, the
product is then to be operated for all conditions of intended use.

56.4.2 An indoor or outdoor, damp or wet product (intended for indoor or outdoor use, damp or wet
locations) shall operate as intended during and after exposure for 240 hours to air having a relative
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humidity of 95 £3 percent and a temperature of 140 +3°F (60 +2°C). At the completion of the exposure,
while at the high humidity, the product is then to be operated for all conditions of intended use.

57 Overload Test
57.1 Products supplied from commercial AC power systems
57.1.1 A product that obtains power from commercial AC power systems shall not show manifestation of

a fire or risk of electrical shock and shall be capable of operating as intended after being subjected to 50
cycles of alarm signal operation at a rate of not more than 15 cycles per minute with the supply circuit at

115 percent of rated voltage and at rated frequency Durmg the cycllng output circuits that receive energy

from the produs

consisting ofl an inductive load, the applicable power factor indicated-in 57.1.4 is to be us
loads are esfablished initially with the product connected to rated supply voltage and freque
which the ingut supply voltage is raised to 115 percent of rating.

57.1.3 For direct current loads, an inductive load that has.been determined to be equival
the required|direct current resistance for the test curreft and the inductance (calibrated)
applicable pgwer factor indicated in 57.1.4 when connected to a 60-hertz potential equal to th
current test oltage. When the inductive load hastboth the required direct current resist

h cycle shall
or alarm, and
lure of any of

hergized from
ction or other
for a device
bd. The rated
ncy, following

ent is to have
to obtain the
e rated direct
ance and the

required indyctance, the AC current measured with’the load connected to an alternating curent circuit will

be equal to tie rated DC current multiplied bythe applicable power factor indicated in 57.1.4.

57.1.4 For putput circuits intended for.connection to notification appliances, the power f
0.60. The power factor of a motor load’is to be 0.40 to simulate locked rotor conditions. Wh
specified for|use in pilot duty applications, the power factor is to be 0.35. A power factor ¢
used for all other applications.

57.1.5 Unlgss the device controlling a motor circuit has a horsepower rating, it is to be tq
motor stalled.

57.1.6 A product for use with a grounded supply circuit is to be tested with the enclosure
normally gropnded parts connected through a 15-ampere fuse to the grounding conductor

hActor is to be
en a circuit is
f 1.0 is to be

sted with the

and all other
of the supply

circuit.
57.2 Separately energized circuits

57.2.1

A product shall be capable of operating in the intended manner after being subjected to 50 cycles

of signal operation at a rate of not more than 15 cycles per minute with the product connected to a source
of rated voltage and frequency and 150 percent rated loads applied to output circuits which do not receive
energy from the product. There shall be no electrical or mechanical failure of any of the components of the
product.

Exception: This requirement does not apply when the circuit controlled has a power factor less than 75
percent and the integral operating device employs the following ratings:

a) A horsepower rating (evaluated on the basis of the ampere equivalent), or
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b) A current rating of not less than 200 percent of the maximum load current.

57.2.2 The test loads shall be set at 150 percent of rated current while connected to a separate power
source of rated voltage and frequency at the applicable power factor indicated in 57.2.3.

57.2.3 For circuits intended for use with notification appliances, the power factor is to be 0.60 inductive.
The power factor of a motor load is to be 0.40, inductive, to simulate locked rotor conditions. When a
circuit is specified for use in pilot duty applications, the power factor is to be 0.35, inductive. Circuits rated
for use with resistive loads shall use a power factor of 1.0. When no particular load application is specified,

the power factor is to be 0.35, inductive.

57.3 Batte

57.3.1 Apr
battery char
subjected to
currents:

a) 15

b) On
the ch

57.4 Amplifiers

5741 Ana
delivering rat
output voltag
combined ma

57.4.2 Follo
operation, or

58 Enduran
58.1

58.1.1 With
equivalent log
of electrical 5

General

duct using a transfer mechanism in conjunction with a power-supply battefy

charger or a

r shall be capable of operating in the intended manner after the transfer mechanism is

0 cycles, at a rate of not more than 15 cycles per minute, of the greater of the

percent of the maximum rated load (normal standby or alarm)'carrent or

that is equivalent to the maximum inrush current entering-a discharged battery
arging circuitry (a discharged battery is defined in the’Charging Current Test, Se

mplifier shall operate as intended after operating at 115 percent of rated supply
bd output current (sine wave) for at least 1 hour at the frequency that results in
b (greatest amplifier gain). The outptt is to be connected to a resistive load
Ximum system load intended for use with the amplifier.

wing the 1 hour of operation,the amplifier shall not show evidence of smoke, fl
Histortion greater than the limits specified in the Harmonic Distortion Test, Sectio

ce Test

the product supply circuit at rated voltage and frequency and with rated
ds:connected to the output circuits, a product shall not show a manifestation o
heck and shall be capable of operating in the intended manner after being

fwo following

connected to
Ction 55).

voltage while
the greatest
equal to the

ame, or non-
n49.

devices or
a fire or risk
subjected to

repetitive signal operation. In addition, there shall be no electrical or mechanical failure or evidence of
approaching failure of the product components. Based upon the frequency of expected use, each circuit of
the product shall be tested for the number of cycles and at the rate indicated in Table 58.1.

Exception: When circuits are not capable of the rate indicated in Table 58.1, the test cycle rate shall be the
maximum rate permitted by the design of the product.
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Table 58.1
Endurance test cycles

Frequency of use Type operation Total number of Operations per minute
operations
Daily use Coded? 1,000,000 60
Noncoded® 30,000 15
Occasional use Coded? 250,000 60
Noncoded® 6,000 15
@"Coded" refers to a repetitive group of on-off signals.
b "Noncoded" refers to a continuous signal.

58.1.2 The|loads or equivalent loads specified in 58.1.1 shall conform to the power factor loading
indicated in §7.1.4.

58.2 Integnal operating devices

58.2.1 An ¢perating device supplied as a part of a product [such as a“switch, relay, motor, or coding
mechanism (except a time-limit cutout)], shall perform as intended wher’operated for the number of cycles
and at the rafe indicated in Table 58.1. When an electrical load is7involved, the contacts of the device are
to make and [preak the normal current at the rated voltage. The foad is to represent that which the device is
intended to dontrol or an equivalent load consistent with 57.2.8»The endurance tests of thesg devices may
be conducted in conjunction with the endurance test on a preduct.

Exception: This requirement does not apply when the circuit controlled has a power facton less than 75
percent, is ndt a coded or daily use type operationyand the integral operating device employs the following
ratings:

a) A horsepower rating (evaluated-on the basis of the ampere equivalent), or
b) A durrent rating of not less than 200 percent of the maximum load current.

58.3 Powef supplies

58.3.1 A prpduct empleying either power-supply circuitry or circuitry for the power-supply battery charger
shall operatel as intended following 6000 cycles operation as described in 58.3.2.

Exception: Fpr a-control unit employing only a battery charger, the product shall operate as |ntended after
500 cycles ak Specified in 58.4.1

58.3.2 With the input of the product connected to a voltage source in accordance with Table 53.1, a
resistive load or loads drawing maximum rated output power shall be connected to the power supply
output and then alternately applied and removed, or reduced to the manufacturer's specified minimum
value at a rate consistent with 58.1.1. Each cycle is to consist of the load application followed by the load
removal (or reduction) for an equal time.

58.4 Battery charger

58.4.1 For a product employing battery charger circuitry, the input circuit is to be connected to a source
having a rated voltage defined by Table 53.1. A load drawing maximum charging current to a discharged
battery, as defined in the Charging Current Test, Section 55, is to be applied to the charger circuitry for 5-
second intervals for a total of 500 cycles.
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58.5 Audible signaling appliance

58.5.1 An audible signaling appliance integral with a product shall operate as intended when the product
is operated for 8 hours of alternate 5-minute periods of energization and deenergization, followed by 72
hours of continuous energization. For this test, the product is to be connected to a source of rated voltage
and frequency. For a battery-operated product, a filtered DC supply is to be used that has an output

voltage equivalent to the fresh battery voltage.

58.6 Ampilifiers

58.6.1
250 hours.

An amplifier shall operate as intended when operated continuously at full rated speech power for

58.6.2 The
is adjusted to|
uniform rate,

hmplifier is to be mounted as intended and operated with a sine wave inputwho
deliver rated output voltage. The input frequency is to be varied from-800to 28
then returned to 800 hertz, so that the amplifier is subjected to 80070 2800 he

sweeps 12 ties per minute. The output of the amplifier is to be a resistive load equal to t

maximum sys
the maximum

58.6.3 Follo
greater than t

59 Jarring
59.1 Aprod
a) Res
b) Cal
c) Imp
59.2 Produd

the requirems

59.3 Produd
configuration
Products wei
requirements

tem load intended for use with the amplifier. Gain controls, if provided, are to b
gain setting.

wing 250 hours of operation, there shall not be evidefce of flame or smoke,
he limits specified in the Harmonic Distortion Test, Section 49.

[est

Lict shall withstand jarring resulting from impact and vibration without:
ulting in a risk of shock or fire hazard;
sing false signaling operationof‘any part; and

airing the subsequent intended operation.

t utilizing freestanding, desktop, or other non-wall- or ceiling-type mounting sha
nts in 59.1 when subjected to the jarring described in 59.4.

ts, includihg-batteries, weighing less than 13.6 kg (30 Ibs.) and utilizing wall or
5 shall.comply with the requirements in 59.1 when subjected to the jarring desc
jhing™13.6 kg or more and utilizing wall or ceiling mount configurations shall co
in 59.1 when subjected to the jarring described in 59.4 or 59.5. The direct im

se rms value
00 hertz at a
tz frequency
ne combined
e adjusted to

or distortion

| comply with

ceiling mount
ribed in 59.5.
mply with the
pact shall be

applied to th

intended mounting.

center of the side of the product intendedto be adjacent to the mounting surface during

59.4 An impact of 4.08 J (3 foot-Ib.) is to be applied directly to any nondisplay area of the product by
means of a 535-g (1.18-Ib.), 51-mm (2-inch) diameter steel sphere swung through a pendulum arc from a
height (h) of 775 mm (2.54 feet). The at-rest suspension point of the steel sphere is to be 25.4 mm (1 inch)
in front of the plane of the product to be impacted.

59.5 The product is to be mounted as intended to the center of a 1.8- by 1.2-m (6- by 4-foot) nominal
19.1-mm (3/4-inch) thick plywood board secured in place at four corners. A 4.08 J (3 foot-pound) impact is
to be applied to the center of the reverse side of this board by means of a 535 g, 51-mm diameter steel
sphere either:

a) Swung through a pendulum arc from a height (h) of 775 mm (2.54 feet) or
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b) Dropped from a height (h) of 775 mm depending upon the mounting of the equipment.

See Figure 59.1.

Figure 59.1

Jarring test

] \é} _f

~ /
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- Product Under Test | ‘

2\ _/( :

: N

-~

1 FrrrrrrrLrrrriri

(1) (2)
Test Method For Unit Test Method For Unit
Intended to be Mounted” Intended to be Mounted
Vertically Horizontally

IP110
59.6 During this test, the product shall be connected to a rated source of supply voltage anfl tested while
in the normal supervisory condition.
59.7 For amplifiers;~during the jarring, the product is to be in the intended operating dondition, and
connected tg a testvoltage as specified in Table 31.1, and delivering maximum rated output.|Following the
jarring, the product shall comply with the requirements of the Harmonic Distortion Test, Sectign 49.

60 Leakage Current Test

60.1  Where a cord-connected product is powered by a source greater than 42.4 volts peak, the leakage
current at any exposed surface, or between any accessible part and earth ground, or any other accessible
part with an open potential of greater than 42.4 volts peak shall not be more than the following values
when tested in accordance with 60.2 — 60.8:

a) 0.5 milliampere for an ungrounded (2-wire) portable or stationary;
b) 0.5 milliampere for a grounded (3-wire) portable product, and

c¢) 0.75 milliampere for a grounded (3-wire) stationary.
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Exception: Where an electromagnetic radiation suppression filter is necessary for the product to function
as intended, the leakage current is to not be more than 2.5 milliamperes when the product complies with
the following conditions:

a) The product is provided with grounding means in accordance with the applicable requirements
for a cord-connected product in Grounding for Products Containing High-Voltage Circuits, Section

é;

b) With the filter removed from the product, the leakage current does not exceed the limits specified
in 60.1 (b) and (c), as applicable; and

¢) The product is marked in accordance with 81.1.14.

60.2 With re
coupled curr
equipment an

gard to the requirements in 60.1, leakage current refers to all currents, including
pnts that are capable of being conveyed between exposed conductive'sun
d ground, or between exposed conductive surfaces of the equipment.

) capacitively
faces of the

60.3 Leakage currents from all exposed surfaces are to be measured to the(@rounded supply conductor

individually a
exposed surl
considered tg
the risk of elg
same time ar
hand is deter
by 203 mm
simultaneous

60.4 Where
leakage curre
centimeters)
is to be the s
temperature ¢

60.5 The m
measuremen
same numeri
required to hg

a) The

0.15 npicrofarad;

5 well as collectively where exposed surfaces are simultanequsly accessible, 3
ace to another where the exposed surfaces are simultaneously accessibl
be an exposed surface unless it is guarded by an encloSure determined to pr
ctric shock. Surfaces that can be readily contacted by«one or both hands of a
e determined to be simultaneously accessible. Forjthe purpose of these requi
mined to be able to contact parts simultaneously.when the parts are within a 4 b
rectangle, and two hands of a person arerdetermined to be able to ¢
y when the parts are no more than 6 feet (1.8;m) apart.

a conductive surface other than metalis used for the enclosure or part of the e
nt is to be measured using a metal\foil having dimensions of 3.94 by 7.88 inch
n contact with the surface. Wherg)the surface is less than 3.94 by 7.88 inches,
ame size as the surface. The_metal foil is not to remain in place long enough
f the product.

easurement circuit_for the leakage current test is to be as illustrated in Figy
instrument is defingd in (a) — (c). The meter used for a measurement need onl
Cal value for the particular measurement as would the defined instrument. The
ve all of the attributes of the defined instrument.

meterlis)to have an input impedance of 1500 ohms resistive shunted by a c3

444

nd from one
e. A part is
ptect against
pberson at the
ements, one
y 8 inch (102
ontact parts

nclosure, the
es (10 by 20
the metal foil
to affect the

re 60.1. The
indicate the
meter is not

pacitance of

b) The

matariaota tad $ Y + MO ESEL £ ol £l oo e UH 1P~ | S HS
MMICLCT 10 TU TMTIUILAlS 1. 1TT TTiCo UIre OVUIayU VT uic Tunmwave TTUUNoU CUTTTIPYU OIS

waveform of

voltage across the resistor or current through the resistor;

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
response (ratio of indicated to actual value of current) that is equal to the ratio of the impedance of
a 1500-ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an indication of 0.5
or 0.75 milliampere, the measurement is to have an error of not more than 5 percent at 60 hertz.
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1

Figure 60.1

Leakage current measurement circuits
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hielded lead,
nd uséd-as clip when measuring currents from one part of product to another.

V cireuit also apply to 208Y/120V supply.

uct intended for connection to a 3-wire, grounded neutral 120/240-volt power supply, as illustrated apove.

uct intended foreonnection to a 3-wire, grounded neutral 120/240-volt power supply, as illustrated apove.
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60.6 Unless the meter is being used to measure the leakage current from one part of a product to
another, the meter is to be connected between the accessible parts and the grounded supply conductor.

60.7 Systems of interconnected equipment with individual connections to primary power shall have each
piece of equipment tested separately. Systems of interconnected equipment with one common connection
to primary power shall be treated as a single piece of equipment. Equipment designed for multiple
(redundant) supplies shall be tested with only one supply connected.

60.8 A sample of the product is to be tested in the as-received condition initially with all switches
indicated below closed, but with its grounding conductor, when provided, open at the attachment plug. A
product that has not been energized for a minimum of 48 hours prior to the test, and that is at room
temperature, | i i - i iti i he maximum
voltage marked on the product, in accordance with 31.1.2 or shall be as described in 5416 but not less
than 120 or 240 volts. The test sequence (with regard to Figure 60.1) is to be as follows;

a) With switch S1 open, the product is to be connected to the measuring circuit. Leakgge current is
to be easured using both positions of switch S2, and with the productéwitching deyices in all of
their normal operating positions;

b) Switch S1 is then to be closed, energizing the product, and within-5 seconds the legkage current
is to he measured using both positions of switch S2 and with the product switching flevices in all
their normal operating positions;

c) Leakage current is to be monitored until thermal stabilization occurs. Both positiong of switch S2
are td be used in determining this measurement.\TFhermal stabilization is to be|obtained by
operafion of the product as in the Component Temperature Test, Section 54.

61 Transient Tests
61.1 General

61.1.1  Whil¢ energized from a source of supply in accordance with Table 31.1, a product shall:
a) Notffalsely annunciate alarms or troubles;
b) Nofjreset during an"alarm condition;
c) Experience ngjelectrical or mechanical failure of any components of the product;

d) Operateasiintended following the test;

e) As|appropriate, retain required stored memory (such as date, type, and locationh of a signal
transmission) within the unit; and

f) For amplifiers, at the conclusion of the test, they shall comply with the requirements of the
Harmonic Distortion Test, Section 49;

when subjected to the tests described in 61.2.1 — 61.4.3.

Exception No. 1: Annunciation of a trouble signal that, either automatically restores or is manually
resettable through the operator interface, is acceptable during the internally induced and field-wiring
transient tests.

Exception No. 2: Supplemental information stored within the product is not required to be retained during
any of the transient tests.
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61.1.2 Products intended to interconnect to releasing devices shall be tested with each releasing device
connected as specified in the installation wiring diagram/instructions.

61.2 Externally-induced supply-line transients

61.2.1 A product intended to be powered from commercial AC shall be subjected to supply line
transients induced directly between the power supply circuit conductors of the equipment under test.

61.2.2 For this test, the product is to be connected to a transient generator capable of producing the
Location Category A 100 kHz Ring Wave transients as defined in Recommended Practice on Surge

Voltages in Low-Voltage AC Power Circuits, ANSI/IEEE C62.41.

61.3 Interrlally-induced transients

61.3.1 The
thatis to be i
of not more
secondary p
charging or
more produc
input to all pr

61.4

61.4.1 The
supply in ac
61.4.3.

Exception: A
be subjected

61.4.2 For
following tab
output circuit

Inputfoutput (low-voltage) field-wiring transients

product is to be energized in the intended standby condition from asrated sou
hterrupted a total of 500 times. Each interruption is to be for approximately 1 se

pwer source configuration described in the installation document such as in
connection to a separate battery charger. Where the system’ configuration in
ts, each with their own AC input, the test is to be conducted by momentarily in
pducts simultaneously.

product is to be energized in the normal standby condition while connected t
tordance with Table 31.1. All field-wiring circuits are to be tested as specified

circuit or cable that interconneets’ equipment located within the same room is n
to this test.

this test, each output circuit is to be subjected to the transient waveforms sp
e, as delivered inte:a'200-ohm load. The transient pulses are to be coupled din
conductors of the_equipment under test.

rce of supply
cond at a rate

than six interruptions per minute. The test is to be conducted) for each different type of

fernal battery
volves two or
terrupting the

b a source of

in 61.4.2 and

ot required to

ecified in the
ectly onto the

Peak voltage level, V Minimum energy level, J Minimum pulse duration, ps Figufe No.
2400 1.0 80 Figure 61.1

1000° 0.31 150 Figure 61.2

500° 0.10 250 Figure 61.3

100 0.011 1120 Figure 61.4

have an equal

@ Other applied transients having peak voltages representative of the entire range of 100 — 2400 volts shall be used in lieu of these
values when the output circuit is only designed specifically to protect against these predetermined values. The transients shall
meet or exceed the specified minimum pulse duration (Figure 61.5) and minimum energy level (Figure 61.6) parameters, and shall

or faster minimum transient pulse rise time than that specified in Figure 61.7.
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Figure 61.1
Signal line transients — 2400V curve
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Signal line transients — 500V curve

Figure 61.2
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Figure 61.3

Signal line transients — 500V curve
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Figure 61.4

Signal line transients — 100V curve

120
100
80 \
Z
(=]
>
S 60
(5]
g
3
>
40
0 \
0 200 400 600 800 1000 1200 1400
S5062A Time 200 us/Div.
Figure 61.5
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1.2
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Figure 61.7

Minimum transient pulse rise time vs. transient peak voltage
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61.4.3 Each conductor of a circuit is to be-subjected to 40 transient pulses induced at the rate of six
pulses per mjnute as follows:
a) Twenty pulses (four at the 2400 peak voltage level and two at each of the other transient voltage
levelq specified in 61.4.2).between each lead or terminal and earth ground, consistind of ten pulses

of ong polarity, and tenlofithe opposite polarity and

b) Twenty pulses«(four at the 2400 peak voltage level and two at each of the other tra
leveld specified\in-61.4.2) between any two circuit leads or terminals consisting of ten

polarity andten’pulses of the opposite polarity.

62 Electrid Shock Current Test

hsient voltage
pulses of one

62.1 Electric shock current refers to all currents, including capacitively coupled currents.

62.2 When the open circuit potential between any part that is exposed only during user servicing (see
26.2.1) and either earth ground or any other exposed accessible part exceeds 42.4 volts peak, the part
shall comply with the requirements in 62.3 — 62.7, as applicable.

62.3 With reference to the requirements in 62.2, parts are determined to be simultaneously accessible
when they can be contacted by one or both hands of a person at the same time. For the purpose of these
requirements, one hand is determined to be able to contact simultaneously parts within a 4 by 8 inch (102
by 203 mm) rectangle, and two hands of a person are determined to be able to contact parts
simultaneously when the parts are not more than 6 feet (1.8 m) apart.
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62.4 The continuous current flow through a 500-ohm resistor shall not exceed the values specified in
Table 62.1 when the resistor is connected between the exposed part and, either earth ground or any other
exposed accessible part, or all exposed parts collectively when the parts are simultaneously accessible.

Table 62.1
Maximum current during operator servicing

Frequency, hertz? Maximum measured current through a 500-ohm resistor,

mA

0-100 71
500 9.4
1,000 11.0
2,000 141
3,000 17.3
4,000 196
5,000 220
6,000 251
7,000 or more 275

@ Linear interpo|
shown. The tab

ation between adjacent values may be used to determine the maximum current corresponding to freg
e applies to repetitive nonsinusoidal or sinusoidal waveforms.

quencies not

62.5 The d{
62.4 shall no|
equation:
in which:

T is the interval, in seconds, between the time that the instantaneous value of the

excee
and

| is the

ration of a transient current flowing through_a-500-ohm resistor connected as
exceed 809 milliamps, regardless of duration, and the value determined by

1.43
BEE

s 7.1 milliamperes and the time that the current falls below 7.1 milliamperes fo

peakzcurrent in milliamperes.

described in
the following

current first
the last time

The interval

etween occurrences snall be equal 10 Or greater than ouU seconas wnen t

e current is

repetitive. Typical calculated values of maximum measured transient current duration are shown in Table

62.2.

Table 62.2
Maximum transient current duration

Maximum peak current (I) through 500-ohm resistor,

milliamperes

Maximum duration (T) of waveform containing excursions
greater than 7.1 milliamperes peak

7.26 seconds

5.58

7.1
8.5

Table 62.2 Continued on Next Page
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Table 62.2 Continued

Maximum peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containing excursions
milliamperes greater than 7.1 milliamperes peak

10.0 4.42

12,5 3.21

15.0 2.48

17.5 1.99

20.0 1.64

225 1.39

30.0 919 milliseconds

40.0 609

50.0 443

60.0 341

70.0 274

80.0 226

90.0 191

100.0 164

150.0 92

200.0 61

250.0 44

300.0 34

350.0 27

400.0 23

450.0 19

500.0 16

600.0 12

700.0 10

809.0 8.3

62.6 The maximum capacitance between the terminals of a capacitor that is accessibl¢ during user
servicing shgll comply with the following equations:
C= oo, for 42.4< E< 400

E'(In E - 126)
C=35288E" 7 for 400< E<1000

in which:
C is the maximum capacitance of the capacitor in microfarads and

E is the potential in volts across the capacitor prior to discharge (E is to be measured 5 seconds
after the capacitor terminals are made accessible, such as by the removal or opening of an
interlocked cover or similar structure).
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Typical calculated values of maximum capacitance are shown in Table 62.3.

Table 62.3
Electric shock — stored energy

Potential in volts, across capacitance prior to discharge Maximum capacitance in microfarads
1000 0.868
900 1.02
800 1.22
700 1.50
600 1.90
500 2.52
400 3.55
380 3.86
360 422
340 4.64
320 5.13
300 5.71
280 6.40
260 7.24
240 8.27
220 9.56
200 11.2
180 13.4
160 16.3
140 20.5
120 26.6
100 36.5

90 43.8
80 53.8
70 68.0
60 89.4
50 124.0
45 156-6
42.4 169.0

62.7 Current measurements are to be made with any operating control (or adjustable control that is
subject to user operation) in all operating positions, and either with or without a separable connector or
similar component in place. These measurements are to be made with controls placed in the position that
causes maximum current flow.

63 Ignition Test Through Bottom-Panel Openings

63.1 The bottom-panel constructions described in 7.9.1 — 7.9.3 are permitted without testing. Other
constructions can be used when they comply with the test described in 63.2 — 63.5.
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63.2 Openings in a bottom panel shall be arranged and sufficiently small in size and few in number so
that hot flaming No. 2 furnace oil poured three times onto the openings from a position above the panel is
extinguished as it passes through the openings.

63.3 A sample of the complete, finished bottom panel is to be supported in a horizontal position a short
distance above a horizontal surface under a hood or in another area that is ventilated but free from drafts.
Bleached cheesecloth running 14 — 15 yd%/Ib mass (26 — 28 m?/kg mass) and having what is known to the
trade as "a count of 32 by 28" (a square 1 inch on a side has 32 threads in one direction and 28 in the
other or square 1 centimeter on a side has 13 threads in one direction and 11 in the other), is to be draped
in one layer over a shallow flat-bottomed pan that is of a size and shape to cover completely the pattern of
openings in the panel but is not sufficiently large to catch any of the oil that runs over the edge of the panel
or otherwise does not pass through the openings. The pan is to be centered under the center of the

pattern of of
openings. Us
splattering oi

63.4 A sm3
handle whos|

(10 cm® or 10 ml) of No. 2 fuel oil, which is a medium-volatile distillate haying’a minimum AP

degrees, a fl
(38.2 MJ/L);
heated and
approximate
of the patter
whether the

63.5 Five nlinutes after completion of the pouring ofithe oil, the cheesecloth is to be replace

piece and a
openings, ag
pouring is to
ignited durin

64 Dielect

64.1 A pro
sinusoidal Al

parts and th¢ enclosure, between live parts and exposed dead-metal parts (see 64.2), and

parts of circu

a) Fo

]Z

enings in the panel. The center of the cheesecloth is to be 2 inches (50 m
e of metal screen or wire-glass enclosure surrounding the test area is recommsg
from causing injury to persons.

Il metal ladle not more than 2-1/2 inches (65 mm) in diameter, withya pouring
e longitudinal axis remains horizontal during pouring, is to be partially filled with

ash point of 110 — 190°F (43.3 — 87.7°C), and an average:calorific value of 13
see the Standard Specification for Fuel Oils, ASTM D396.The ladle containing

m) below the
nded to keep

ip and a long

0.34 ounces
| gravity of 30
6,900 Btu/gal
he oil is to be

the oil is to be ignited. The oil is to flame for 1 _mihute and then is to be poured at the

rate of, but not less than 0.034 ounces (1 cm®/s o4 mL/s) in a steady stream o
n of openings from a position 4 inches (100 mm) above the openings. It is tg
bil ignites the cheesecloth.

second 0.34-ounce (10-cm® or 104mL) ladle of hot flaming oil is to be poy
ain to be observed whether the_cheesecloth is ignited. Five minutes later, a
be made. The openings do net“comply with the requirement in 63.1 if the ¢
any of the three pourings.

¢ Voltage-Withstand Test

duct shall withstand for 1 minute without breakdown, the application of &
C potential ofia.frequency within the range of 40 — 70 hertz, or a DC potential,

ts operating at different potentials or frequencies (see 64.3). The test potential s

- cirouits rated 30 volts AC rms (42.4 volts DC or AC peak) or less — 500 volts A

when

hto the center
be observed

d with a clean
red onto the
third identical
heesecloth is

n essentially
between live
between live
to be:

\C (707 volts,

a DC pnfnnfinl is ||enr‘|);

b) For circuits rated greater than 30 and equal to or less than 150 volts AC rms (42.4 and 212 volts
DC) — 1000 volts AC (1414 volts, when a DC potential is used);

c¢) For circuits rated more than 150 volts AC rms (212 volts DC) — 1000 volts AC plus twice the
rated voltage (1414 volts plus 2.828 times the rated AC rms voltage, when a DC potential is used).

See 64.4 -64.6.

64.2 Exposed dead-metal parts are non-current-carrying metal parts that are capable of becoming

energized an

d are accessible from outside of the enclosure of a product.

64.3 For the application of a potential between live parts of circuits operating at different potentials or
frequencies, the voltage is to be the applicable value specified in 64.1 (a), (b), or (c), based on the highest
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voltage of the circuits under test. Electrical connections between the circuits are to be disconnected before
the test potential is applied.

64.4 Where the charging current through a capacitor or capacitor-type filter connected across-the-line, or
from line-to-earth ground is sufficient to prevent maintenance of the specified AC test potential, the
capacitor or filter is to be tested using a DC test potential in accordance with 64.1.

64.5 The test potential shall be obtained from any convenient source having sufficient capacity to
maintain the specified voltage. The output voltage of the test apparatus is to be monitored. The method of
applying the test voltage is to be such that there are no transient voltages that result in instantaneous
voltage being applied to the circuit exceeding 105 percent of the peak value of the specified test voltage.
The applied patential is to be:

a) Inc
5 secd

b) Mai
Manual or au

64.6 A print
being damag

eased from 0 at a uniform rate so as to arrive at the specified test potential in a
nds and then

htained at the test potential for 1 minute without an indication of a breakdown.
omatic control of the rate of rise is not prohibited.

pd-wiring assembly or other electronic circuit component that is capable of short
bd by) the test potential, is to be removed, disconnected, or otherwise rendere

pproximately

-circuiting (or
d inoperative

before the tedt. A representative subassembly is then to be tested instead of an entire unit.

65 Abnormpal Operation Tests

65.1 General

65.1.1 Wheh the conditions of intended operation are not representative of all condition
service, a prdduct shall not present a risk .of fire, electric shock, or injury to persons when op
such abnormal conditions.

5 possible in
erated under

65.1.2 Cont
fans, and like
section.

nuous operation, malfunction of components, shorting of output circuits, failu
y misuses of the/product are examples of conditions to be simulated during thg

re of cooling
e tests in this

65.1.3 Durin
pound (26 —
The product

g the tests;-a single layer of bleached cheesecloth, fabricated at 14 — 15 squarg
P8 m?/Ib).and having a thread count of 28 by 32, is to be draped loosely over tH
s ta_be connected to a power supply as indicated in 31.1.2 and connected in series with a
non-time-delgy-fuse of the maximum current rating of the branch circuit. Opening of the fuse before any
condition of risk of fire or elecirical shock results is considered as meeting the intent of the requirements.
The enclosure, when metallic or employing dead-metal parts, shall be connected to ground either through
a fuse rated to correspond to the input rating of the unit or 3 amperes, whichever is less. Only one
abnormal condition is to be simulated at a time.

yards to the
e entire unit.

65.1.4 During these tests, all fuses which are field-renewable by the user and are of an interchangeable
type shall be replaced by a fuse of the same size and voltage rating using the highest available current
rating for that size. Opening of the fuse before any condition of risk of fire or electrical shock results
satisfies the requirement of the test.

Exception: Fuses need not be replaced when the product employs marking identifying the need for using
the indicated fuse(s) located so that it is obvious as to which fuse or fuse holder(s) the marking applies and
where readily visible during replacement of the fuse(s). A single marking is acceptable for a group of
fuses. The marking shall comply with 81.1.24 and shall consist of the word “CAUTION” and the following
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or equivalent text: “ For continued protection against risk of fire, replace only with same type and rating of
fuse”.

65.1.5 All abnormal conditions are to be continued until ultimate results are obtained, such as burnout or
stabilization of temperatures.

65.1.6 Compliance with the tests specified in this section is met when all of the following occurs:

a) There is no ignition or charring of the cheesecloth indicator (charring is deemed to have
occurred when the structural integrity of the threads has been destroyed due to the temperature
rise);

b) The fuse from the enclosure to ground does not open;
c¢) Impediately following these tests, the product complies with:

1) The Dielectric Voltage-Withstand Test, Section 64, within 1 minute of the [conclusion of
the test, or

2) The Leakage Current Test, Section 60, when it is not practical to conduct|the dielectric
voltage-withstand test due to numerous components eleetrically connected tp the product
chassis or ground.
65.2 Opergtion

65.2.1 A product that normally would only be operated’for a limited time shall be capabl¢ of operating
continuously|in any condition of normal use possible without risk of fire, electric shock, or injufy to persons.

65.3 Field-wiring circuits

65.3.1 Each output circuit of the product to which field wiring is intended to be connected is to be
individually opened or shorted.

65.3.2 The|test condition in 65:8.1 shall be applied one at a time. The abnormal condition shall be
introduced while the equipment is'operating in any condition of normal use.

65.4 Electrjonic components

65.4.1 Cappcitors-not determined a reliable component as specified in 44.2, shall additipnally comply
with the conditionsspecified in 65.1.1 — 65.1.6 when individually opened and shorted.

65.4.2 All circuit components located in a high-voltage circuit shall be examined using the equipment
circuit diagrams and component specifications to determine those faults that can occur. Examples are
short-circuits and open-circuits of transistors, rectifiers, diodes, and capacitors, faults causing continuous
dissipation in resistors designed for intermittent dissipation, and internal faults in integrated circuits
causing excessive dissipation. The product shall then be operated during each of the fault conditions until
constant temperature or burnout occurs.

Exception No. 1: Components do not require testing when located in circuits meeting one of the following
conditions:

a) Where the circuit current is limited by 10,000 ohms or more of series impedance in a circuit in
which the voltage is 125 V or less;
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b) Where the circuit current is limited by 20,000 ohms or more of series impedance in a circuit in

which

the voltage is greater than 125 V but is not greater than 250 V;

c) When the power source supplying the circuit is power limited as specified in Table 62.1 or Table
62.2; or

d) Circuits or devices that have been evaluated for use in high-voltage circuits, such as EMI Line

Filters

Exception No. 2: A resistor, an inductor, or an optical isolator is not required to be subjected to this test.

65.4.3 The faults referenced in 65.4.2 shall be applied one at a time. Short circuits shall be applied only

between two
used for high
likely damags
being affecte
while the equ
and remote s

65.4.4 Thre

Exception: If
occur, the tes|

65.4.5 Whe
new compon
shorted and f
occurrence of

Exception: A
repeated.

65.4.6 The {est of 65.4.3 is to becontinued for 1 hour or until one of the following conditions

a) Ign

structyral integrity of the threads has been destroyed due to the temperature rise); or

b) Fug

terminals of a multi-terminal device at one time. Simulated circuits are also cap
Lvoltage circuit abnormal tests. But when the tests performed on simulated)cir
to other parts of the equipment to the extent that the safety of the equipment
i, the tests shall be repeated in the equipment. The abnormal condition shall 4
ipment is operating under intended conditions. This is to be accomplished by
vitches with consideration given to the effect these devices have onthe test.

b tests of each combination, using untested components fok each test, shall be G

hnalysis of the test results and circuit indicate that thé result obtained is the onl)
[ need be conducted only once.

N the circuit is interrupted by opening of a component, the test is to be repeateq
bnts when required. When a printed wiring“board trace opens, the gap is to b

a trace opening.

fter opening of an internal qvercurrent protective device, the test is not re

tion or charring-of-the cheesecloth indicator (charring is deemed to have occur

e from the‘enclosure to ground does opens.

When, at the
condition is i

65.4.7

endhof 1 hour, no condition described below has occurred, and it is indicated

able of being
Cuits indicate
is capable of
e introduced
umper leads

onducted.

one likely to

twice, using
e electrically

he test continued until ultimate results«qccur, and the procedure is to be repeated for each

quired to be

pCccurs:

red when the

that such a

test, the product shall be subjected to the Dielectric Voltage-Withstand Test, Section 64.

65.5 Cooling fans and blowers

65.5.1
until constant

temperature or burnout occurs with all cooling fans and blowers disabled.

10Urs).

Immediately following each fault described in 65.4.3, within one minute of the conclusion of the

The product shall be operated under the condition which produces the greatest power dissipation

65.5.2 The locked-rotor test is to be conducted on the product and operated with the rotor of each
cooling fan and blower motor locked.
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Exception: Where a means of limiting the current is inherent in or provided as part of the device, these
features are to be given consideration when conducting the locked-rotor test. These features may be
external to the fan or motor and include, but are not limited to, the following:

a) Non-resettable thermal elements that are integral with fan or motor windings;

b) Wire-wound, or other types of resistors that limit the load current;

c¢) Positive temperature coefficient (PTC) resistors;

d) Inherent limitation due to impedance of the fan or motor windings; and

e) Non-replaceable fusing elements soldered into the product.

65.5.3 Whe
representing
rated at leas
of the circuit
overcurrent

65.6 Transformer burnout

65.6.1 Atrg
a)At

b) A

n the fan or motor indicated in 65.5.2 is connected directly to the branch-c
the branch circuit supplying the motor or fan under test is to be protected by a ¢

breaker is acceptable when the installation instructions for the product specifies

power transformer supplying a high-voltage-circuit shall be tested with the sec

rcuit a circuit

ircuit breaker

ten times the primary current rating of the fan or motor, but not less|than 15 agps. Opening

rotection rating to be used for the branch circuit.

nsformer shall be operated under one of the following conditions:

the maximum

ansformer supplying a low-voltage circuit shall be tested with the secondary cirduit shorted.

pndary circuit

short¢d or while connected to a resistive load\drawing three times the full rated curre

results in the greater current value.

Exception: Where a means of limiting the secondary circuit current is inherent in or provided
features are to be given caonsideration and the burnout test conducted at the maximum load

device, thesq

permitted by|the limiting features. These features may be external to the transformer and in

not limited to} the following:

a) Non-resettable thermal‘elements that are integral with transformer windings;

b) Wike-wound, or.0ther types of resistors that limit the load current;

¢) Positive temperature coefficient (PTC) resistors;

d) Inh

erentlimitation due to impedance of the transformer windings; and

e) Non-replaceable fusing elements soldered into the product.

nt, whichever

as part of the

clude, but are

65.6.2 A circuit representing the branch circuit supplying the transformer under test is to be protected by
a circuit breaker rated at least ten times the primary current rating of the transformer, but not less than 15
amps. Opening of the circuit breaker is acceptable when the installation instructions for the product

specifies the

65.6.3 The

maximum overcurrent protection rating to be used for the branch circuit.

test shall be conducted until constant temperature or burnout occurs.

65.7 Communications circuits

65.7.1

Where a product has provisions for connection to a telephone, telegraph, or outside wiring as

covered by Article 800 in the National Electrical Code, ANSI/NFPA 70, the product shall comply with the
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requirements for protection against overvoltage from power line crosses described in the Standard for
Information Technology Equipment — Safety — Part 1: General Requirements, UL 60950-1.

65.8 Evaluation of reduced spacings on printed-wiring boards

65.8.1
reduced spaci

a) The

b) The

ings shall comply with:

dielectric voltage-withstand test described in 65.8.2 and 65.8.3; or

shorted trace test described in 65.8.4 and 65.8.5.

In accordance with the Exception of 17.1, printed-wiring board traces of different potential having

65.8.2 A pri
the applicatic
accordance W

65.8.3 Power-dissipating component parts, electronic devices, and capacitors ¢onnected be

having reduc
than these co

65.8.4 Print
time, and the

a) The

b) Aw

When the cir
components

and the test ¢
of a trace ope

Exception: A
repeated.

65.8.5 The

occurs. When, at the endof 1 hour, no condition described below has occurred, and it is i
tion is imminent, the test is to be continued until ultimate results are obtained (usually 7

such a condi
hours).

hted-wiring board, as specified in 65.8.1(a), shall withstand for 1 minute withou
n of a dielectric withstand potential between the traces having reduced
ith 64.1, as appropriate.

bd spacings, are to be removed or disconnected so that the spacings and insul

d-wiring board traces, as specified in 65.8.1(b), are t0 be short-circuited, one
test is to be conducted as described in 65.1. As a result of this test:

overcurrent protection associated with the branch circuit to the unit shall not op4

re shall not open.

Cuit is interrupted by opening of a component, the test is to be repeated twic
vhen required. When a printed wiring board trace opens, the gap is to be electr
pntinued until ultimate results oeeur, and the procedure is to be repeated for eac|
ning.

fter opening of an internal overcurrent protective device, the test is not re

test of 65.8.4.is-to be continued for 1 hour or until one of the conditions des

tion’ or charring of the cheesecloth indicator (charring is deemed to have occur

Mmponent parts, are subjected to the full dielectric voltage-withstand test potentia.

t breakdown
spacings, in

tween traces
htions, rather

location at a

en; and

P

P, using new
cally shorted
h occurrence

guired to be

cribed below
hdicated that

fed when the

a) Ign

structural integrity of the threads has been destroyed due to the temperature rise; or

b) Fuse from the enclosure to ground does opens.

65.8.6

test, the product shall be subjected to the Dielectric Voltage Withstand Test, Section 64.

66 Tests on Special Terminal Assemblies

66.1

66.1.1

General

Immediately following each fault described in 65.8.4, within one minute of the conclusion of the

To determine its suitability as a field-wiring connection in compliance with 13.5.1 and 13.5.2,

representative samples of the terminal assembly shall comply with all of the tests specified in 66.2.1 —

66.5.2.
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66.2 Mechanical secureness test

66.2.1 A terminal connection shall withstand the application of a straight pull of 5 pounds (22.2 N),
applied for 1 minute to the wire in the direction which would most likely result in pullout, without separating
from the terminal.

66.2.2 Six samples of the terminal are to be connected to the wire sizes with which they are intended to
be used, in accordance with the manufacturer's instructions. When a special tool is required to assemble
the connection, it is to be used. Each sample is to be subjected to a gradually increasing pull on the wire

until the test pull of 5 pounds (22.2 N) is reached.

66.3 Flexin

66.3.1 The
bends withol

g-test

wire attached to a terminal shall be capable of withstanding an average"of
t breaking.

66.3.2 Six ferminal assemblies using the maximum wire size and six with th€ \minimum wire

subjected to
in 3-pound (
wire shall bg
terminals us
the wire shal

66.4 Millivg

66.4.1 The
intended to b
through the t

66.4.2 Six
wire sizes sh
tool, when

measured u
manufacture

this test. The terminal shall be rigidly secured so as to prevent any movement.
.4-kg) tension and held at a point 3 inches (76.2 mm) from the terminal-to-wire

ng any special tool required as specified in the manufacturer's instructions. T
be sufficient to hold the wire in a rigid position during\the flexing trials.

It drop test

millivolt drop across a terminal connection, using the maximum and minimd
e used, shall not be greater than 300millivolts with the maximum current of the
erminal connection at the rated voltage of the circuit.

erminal assemblies using the-maximum wire sizes and six assemblies using
all be subjected to this test."The wires shall be assembled to the terminals usin
equired, according to the manufacturer's instructions. The millivolt drop {
sing a high-impedance millivoltmeter with the maximum current, as spe
[, flowing through(the connection.

66.5 Temperature test

66.5.1 The
with which th

maximum temperature rise on a terminal junction with the maximum or minim

5 right-angle

size shall be
With the wire
juncture, the

bent at a right angle from the nominal wire position. The wires shall be assgmbled to the

ne tension on

m wire sizes
circuit flowing

the minimum
g any special
hall then be
cified by the

Im wire sizes

77°F (25°C).

e terminal is used, shall not be greater than 86°F (30°C) based on an ambient tTmperature of

66.5.2 Six terminal assemblies using the maximum wire size and six using the minimum wire size are to
be subjected to this test. The wire is to be assembled to the terminals using any special tools, when
required, according to the manufacturer's instructions. The maximum current is then to be passed through
the terminal connection to which the wire will be subjected in service. After temperatures have stabilized,
the maximum temperature rise is to be measured by the thermocouple method in accordance with the
Component Temperature Test, Section 54.

67 Mechanical Strength Test for Metal Enclosures and Guards and Enclosure Parts Secured with
Adhesive

67.1 The following parts of an enclosure or guard of a unit shall withstand a force of 100 Ib for 1 min,
applied by means of a hemisphere, 1/2-in (12.7 mm) in diameter, and an impact of 5 ft:lb (7 N-m), applied
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by means of a smooth, solid, steel sphere 2 in (50.8 mm) in diameter and having approximately 1.18 Ib
(0.54 kg) mass:

a) The enclosure or guard of a unit, when of metal, which do not meet the thickness requirements
in7.2.1 and Table 7.1 — Table 7.3, or

b) Enclosure parts secured with an adhesive meeting 10.6 — 10.9.

67.2 The sphere in 67.1 is to fall freely from rest through a vertical distance of 51 in (1.3 m) or swung
through a pendulum arc of 51 in (1.3 m) in as shown in Figure 67.1 without:

a) Permanent distortion to the extent that spacings are reduced more than 50 percent of the values

SpeCif Semi Spau;nyc, Section 1_7,

b) Trapsient distortion that results in a reduction of more than 50 percent of the(valueg specified in
Section 17;

c) Deyeloping openings that do not comply with the requirements in Atcessibility of Uninsulated
Live Pparts, Film-Coated Wire, and Moving Parts, Section 9; and

d) DeVeloping access to controls required to have limited-accessibility.
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Figure 67.1

Ball pendulum impact test
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NOTES
1) H is the vertical distance of 51 inches (1.3 m).

2) For the ball pendulum impact test, the sphere is to contact the test sample when the cord is in the vertical position as shown.
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68 Radio Frequency Interference Test

68.1 A product shall not false alarm or release, or have its intended operation be impaired during
exposure to radiating radio-frequency sources generated by the devices and appliances described in 68.3
—68.5.

68.2 To determine compliance with 68.1, the product is to be energized from a source of rated voltage
and frequency, interconnected as described in the installation wiring diagram/instructions, and subjected
to the radio-frequency interference generated from the transceivers described in 68.3 when the test
method is based upon the power output from the antenna or 68.4 when the test method is based upon the

field strength measured at the product under test. Only products utilizing a microprocessor shall be

subjected to
controls and

68.3 The ra
The radiating
to be conduc
orientations,

A total of six
+2%, five to g
energization.

68.4 Power
by the measu
power level s

68.5 Fields
room as meg
product unde
be put into th
produce the f

n]n]isplay shall be tested with the door(s) in the open position.

dio-frequency interference sources for the nominal frequencies are specified i
antennas shall be placed 30 cm from the nearest edge of the product under tes
ed with each antenna directed at the product under test, in both\the horizonta
tentered on the product. The transmitter is to be in the same room“as the produ
energizations in each of the two orientations are to be applied”for each nomir
onsist of 5 seconds on and 5 seconds off, followed by one\consisting of a sing

output from the antenna method. The forward power to the antenna shall be ¢
red reflective power and the calibrated gain of.tfie antenna to produce the mir
becified in the Table 68.1 for each frequency;

rength method. The forward power required to produce the field strength at a gi
sured by a field probe shall be recorded without the product under test in th
[ test is to replace the field probe-in the room and the amount of power recorde
e antenna to produce the minimum field at the product under test. Amplifiers
brward power shall not be in‘saturation when the required AM or FM modulation

he operating

h Table 68.1.
t. The test is
and vertical
ct under test.
al frequency
e 15-second

ompensated
imum output

en pointin a
e room. The
d earlier is to
employed to
s utilized.

Table 68.1
Radio frequency interference levels
Frequency Power Modulation Field S{rength
27 NIHz 5w 1 kHz, AM, 80% 52 {/IM
150 MHz 5wW 1kHz, FM 52 {/M
450 MHz 5W 1kHz, FM 52 Y/M
866 MHz A 1 kHz, FM 40 V/m
910 MHz 4 W 1kHz, FM 46 V/m
2.4 GHz 4W Carrier Only 46 V/m
3.7 GHz 4W Carrier Only 46 VIim
5.0 GHz 4 W Carrier Only 46 V/im
5.8 GHz 4 W Carrier Only 46 VIim

69 Short-Range Radio Frequency (RF) Devices Test

69.1

69.1.1

General

The transmitter/receiver shall comply with the following:
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a) The communication between each transmitter and receiver shall uniquely identify each signal
status.

b) The communication shall include means for uniquely identifying each transmitter.

¢) The communication message components that identify the individual transmitter shall permit at
least 256 unique combinations. For larger systems, the number of combinations shall be increased
so that the number of combinations available to the system is numerically equivalent to eight times
the maximum number of transmitters that may be used within the system. For example, if 50
transmitters are used, the system's capability shall provide at least 400 unique combinations.

69.1.2 These reqmrements are appllcable to systems usmg |n|t|at|ng dewce transmltters

transceivers

way interroga

69.2 Reference level determination

69.2.1 The

a) Mi
sectid

b) Mg
and s

c)Ad

determnine whether or not the actual signal sttength received is above the minimu

level

69.2.2 For

manufacturef

ambient radi

the maximunm ambient noise level (see 41.6.11).

69.2.3 Unle

Ooptliond
te/response signaling.

installation document for the system shall include information concerning the fol

nimum signal strength level needed at the receiver to comply with the requirg
n;

ximum ambient radio-frequency noise level or minimum signal to noise level w
ill meet the requirements of this section;

escription of the equipment and proceduresto be used during the installation of

hnd the actual ambient noise level is below the maximum acceptable level.

the purpose of these requirements, the minimum signal strength, as deg
required for normal operating performance, is designated as the reference sig
D-frequency noise level thatiwould not affect normal operating performance is ¢

ss indicated otherwise, the test setup is to employ a transmitter that is to

directly to th
shielded roo

method desdribed in 69.2:1) equals the reference signal level or minimum signal to noise leve

Exception:

transmission|path’is to be free field in a RF-shielded room.

receiver via a'shielded electrical connection, and all measurements shall be t
. The signakshall be attenuated such that the level measured at the receiy

hen the transmitter is not capable of being connected via a shielded electrical c«

repeater
or using two-

owing:

ments of this

hich can exist

the system to
M acceptable

lared by the
nal level. The
lesignated as

be connected
aken in a RF-
er (using the
l.

bnnection, the

69.2.4 For test purposes, products employing spread spectrum technology shall provide a means to

establish the

69.3

69.3.1

reference signal level by preventing frequency hopping.

Interference immunity

for its intended signaling performance in the noise environment described in 69.3.2.

A receiver/transmitter combination at the minimum declared reference signal level shall operate

69.3.2 For the purpose of this requirement, the noise environment is one in which the interference signal
level is equal to the maximum ambient noise level as measured at the receiver in accordance with 69.2.
This condition is intended to test the receiver's ability to discriminate the desired message from
background noise under worse-case conditions.
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69.3.3 The noise environment is to be created by a white-noise generator modulating an RF signal
generator in which the frequency is twice the bandwidth about the signaling frequency. The signal strength
and ambient noise levels are to be in accordance with the manufacturer's specified levels (see 69.2.1).
The interference is to either emanate from a tuned 1/2 wave dipole antenna, capable of 360 degrees
rotation in order to vary the polarization, or be injected into the product via a shielded electrical connection.

69.3.4 Operation of the receiver/transmitter combination shall comply with the requirements in 69.7.1 —
69.7.3 and 69.8.1 and 69.8.2, while in the noise environment.

69.4 Frequency selectivity

69.4.1 Where-a prndl et utilizes mu ||fip|a frnql |anr\int, areceivershallnot rnepnnrl to any eigna| having:

a) A signal strength equivalent to the most powerful system transmitter and

b) A frequency shifted more than two working channel widths of the systemfas measured between
the manufacturer's rated upper and lower frequency limits of the receiver/tfransmitter combination.

For example,|when the communication channel is 5 megahertz wide, any.sigrial with a similaf band width,
even one witl identical coding, the receiver shall ignore the center frequency of which is shifted by more
than 10 megghertz.

Exception: ThHe requirements in 69.4 are not applicable to spread‘spectrum technology.
69.4.2 Aregeiver is to be connected to a source of ratedsupply and is to be positioned for intended use.

69.4.3 A sample transmitter that is adjusted for recéiver-acceptable information is to be tungd to a center
frequency that is shifted from the receiver's tuned center frequency by twice the band |width of the
transmitter/repeiver combination. The transmitter is then to be repeatedly activated in|the manner
specified in 69.4.1. The receiver shall not provide an output to any signal so transmitted.

69.4.4 This ftest is to be conducted for/frequencies above and below the receiver frequency, including at
least ten additional frequencies randomly selected about the center frequency (0.5 MHz — 1.024 GHz) and
outside the fréquency as specified'in 69.4.1.

69.4.5 The fest is to besmonitored by a spectrum analyzer or other instrument that has beep determined
le to verify-transmitter output.

69.4.6 For testpurposes, where the operating frequency or signal level of a transmitter cannot be varied,
the transmittdr may be partially replaced by an RF signal generator or the entire transmitter assembly may
be replaced by a combination of a programmable processor and an RF signal generator. The processor is
to produce the base band signal that modulates the RF signal generator output, when similar signal levels
are generated at the receiver.

69.5 Clash

69.5.1 For the purpose of these requirements, clash is a loss of messages at the receiver as a result of
two or more transmitters being concurrently activated when only one is in off-normal mode so that their
transmitted messages interfere with each other.

Exception No. 1: The requirements in 69.5 are not applicable for products that only permit one device at a
time to communicate on the wireless network such as Listen-Before-Talk (LBT), access protocol, or similar
technique.
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Exception No. 2: The requirements of 69.5 are not applicable to frequency hopping spread spectrum
technology.

69.5.2 The manufacturer shall provide a derivation of the probability of successful signal transmission,
based on the probability of clashes occurring. This derivation shall provide explicit operating parameters
and shall describe all the assumptions and equations used in the derivation.

69.5.3 The clash rate relative to normal status transmissions for each specific message shall not exceed
the following values:

a) 99.99 percent probability that the time between the initiation of a message alarm signal until it is
received at the receiver does not exceed 10 seconds;

b) 99|95 percent probability that the time between the initiation of a single supérvigory message
until i is received at the receiver unit does not exceed 10 seconds;

c) 9995 percent probability that the time between the initiation of a single trouble message until it is
receiyed at the local monitoring unit does not exceed 200 seconds.

69.5.4 Thelcalculated clash rate for any given system is a function of the:

a) Mpximum number of transmitters (transmitters for.-néighboring systems are not to be
consiflered);

b) Duration of individual transmission;
c¢) Trgnsmission rate;

d) Cofing scheme;

e) Error (falsing) rate; and

f) Prigritization.

When determining this rate for eaeh ‘type of signal noted in 69.5.3 (a) — (c), each specified factor is to be
considered in the evaluation.

69.6 Clash|error

69.6.1 For [the purpose of this requirement, “clash error” is defined as the misinterprgtation by the
receiver of twyo simultaneous or overlapping valid transmitter messages that results in the regeiver locking-
in and annunciating a third (false) message

Exception No. 1: The requirements in 69.6 are not applicable for products that only permit one device at a
time to communicate on the wireless network such as Listen-Before-Talk (LBT), access protocol, or similar
technique.

Exception No. 2: The requirements of 69.6 are not applicable to spread spectrum technology.

69.6.2 A receiver shall demonstrate a zero clash error rate while subjected to the test conditions
described in 69.6.3 — 69.6.5.

69.6.3 The receiver is to be mounted in a position of intended use and energized from a source of rated
supply. Two transmitters, energized from a rated source of AC supply or by a DC power supply in place of
a primary battery, are to be adjusted such that the reference signal level described in 69.2.2 is present at
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the receiver. The address of each transmitter shall be set such that the logical “or” of the two addresses is
a valid address recognized by the receiver.

69.6.4 One transmitter is to then be conditioned for continuous alarm transmission. The other transmitter
shall be conditioned to transmit an alarm message at a rate equal to twice the alarm message length for a
total of 100,000 transmissions.

69.6.5 The test described in 69.6.3 and 69.6.4 is to be repeated while one transmitter is conditioned for
continuous alarm message transmission and the other transmitter is conditioned to transmit a normal
supervisory status message at a rate equal to twice the normal supervisory message length for a total of
100,000 transmissions.

69.7 Error (falsing) rate

69.7.1 For the purpose of these requirements, the error (falsing) rate is a measure’of the ability of a
receiver to digcriminate between correct and incorrect transmission so that false”or'é€rroneolis messages
are not accepted by the receiver as valid messages from the various transmitters’in the system.

69.7.2 As ajmeasure of compliance with 69.7.1, the error (falsing) rate of\the receiver is to bg determined
by utilizing th¢ following test procedure:

a) Batteries depleted to the trouble signal level are to be.installed in the transmittef. A depleted
battery may be replaced by a circuit arrangement that doees not affect the RF charagcteristic, and
does gimulate the characteristics of a depleted battery,

b) Thg transmitter is to be adjusted so that the receiver receives the reference level signal indicated
in69.2.2.

c) A ¢ounter is to be connected to the transmitter to record the number of messages. The
arrandement is not to interfere with the'transmitter output.

d) Theg transmitter is to be conditioned for continuous transmissions of:
1) 1,000,000 messages with one element incorrect, then

2) 1,000,000 messages with two elements incorrect, and finally
3) 100,000 messages with three elements incorrect;

e) A cpunteristo be connected to the receiver that will record the number of incorrect messages
accepled.as-valid messages by the receiver.

f) The transmitter/receiver combination shall comply with Table 69.1. Testing shall be completed at
each of the three conditions of incorrect transmission in the order indicated.

g) When zero incorrect messages having one or two incorrect elements are accepted as valid after
the first 100,000, the testing at that number of incorrect elements per message shall be terminated
and testing at any higher number of incorrect elements per message is not required to be
conducted.
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Table 69.1
Error (falsing) rate test

Number of incorrect elements per

Message completed

Maximum number of incorrect

message messages accepted as valid
1 1,000,000 2
2 1,000,000 1
3 100,000 0

69.7.3 The testis to be conducted in the noise environment described in 69.3.1 — 69.3.4.

69.8 Throughput rate

69.8.1 For the purpose of this requirement, the throughput rate is a measure of the ability of a receiver to
accurately interpret and execute upon receipt of a correct message in order to achieve a high degree of
assurance that alarm or emergency messages are not lost. The transmitter/rec€iver combination shall be

structured sq that alarm or emergency messages take precedence over all other signals.

a) The prioritization may be achieved by:

b) WH

69.8.2 The
69.7.1 — 69.]
shall comply
test results ¢

1) Extending the duration of the message,
2) Repeating the alarm message, or

3) Any other means that can be demonstrated to be equivalent.

en multiple services are utilized on the same system, the priority levels of messages shall be:

1) Messages associated with life safety,
2) Messages associated with-property safety,
3) Supervisory or trouble’messages, and

4) All other messages.

throughputate of the receiver is to be determined by utilizing the test procedurg
.3, except that only correct messages of each type are to be transmitted. Th
with Table 69.2. The test may be terminated after 100,000 cycles rather than 1,
bmply'with the 100,000 messages completed row in Table 69.2.

b described in
e test results
000,000 if the

Table 69.2
Throughput rate test

Type of message

Messages completed

Maximum number of missed
messages in test conditions

Emergency Communication 100,000 4
1,000,000 50

Trouble or supervisory 100,000 19
1,000,000 200

Other 100,000 38
1,000,000 400
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69.9 Transmitter stability tests

69.9.1 While subjected to the environmental conditions indicated below, the transmitter/receiver
combination shall complete 500 alarm transmissions as specified in 69.8.1 and 69.8.2, without a signal
being missed.

69.9.2 Products for Indoor use/dry, indoor use/damp, and indoor use/wet locations:
a) Room Ambient: 73.4 £5°F (23 £3°C), 30 — 50 percent relative humidity;

b) High Temperature: 120 +3°F (49 +2°C), or the highest ambient operating temperature specified
in the product’s marking

c) Low Temperature: 32 £3°F (0 +2°C), or the lowest ambient operating temperatusz specified in
the product’s marking

d) Hurmidity: 90 +3°F (32 £2°C), 93 +5 percent relative humidity.

69.9.3 Products for outdoor use in damp and wet locations:

a) High Temperature: 151 +3°F (66 £2°C), or the highest ambient-operating temperafure specified
in the product’'s marking;

b) Low Temperature: -40 £3°F (-40 £2°C), or the lowest ambient operating temperaturg specified in
the product’s marking;

c) Humpidity: 140 £3°F (60 £2°C), 95 +3 percent relative humidity.
69.10 Trangmitter accelerated aging test

69.10.1 Thqg transmitter/receiver combination shall complete 500 alarm transmissions as|described in
69.8.1 and 69.8.2, without a signal being missed, after the transmitter has been exposed for 30 days to an
ambient temperature of 158 +3°F (70 +2°C), followed by a stabilization period of 24 hours ih an ambient
temperature ¢f 73 £3°F (23 £2°C).

69.10.2 Dunng the test, the unit is to be powered from either a separate power supply adjusted to the
rated nominal battery voltage; or the battery if it is capable of maintaining nominal voltag¢ for the test
duration.

70 Long-R3nge Radio Frequency (RF) Device Tests

70.1 General

70.1.1 These requirements cover the operation and performance of products and systems that utilize
long-range radio frequency (RF) transmission paths, both one- and two-way, between a transmitter unit
and a receiver.

70.1.2 The transmitter/receiver combination shall comply with the requirements in 70.3.5 while subjected
to the conditions described in the following:

a) The adjacent channel rejection requirements in 70.5.1 — 70.5.3;
b) The intermodulation rejection requirements in 70.6.1 — 70.6.4;

¢) The spurious response rejection requirements in 70.7.1 — 70.7 .4;
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d) The Variable Voltage Operation Test, Section 51; and

e) The Variable Ambient Temperature and Humidity Tests, Section 56.

70.1.3 The transmitter/receiver combination shall also comply with the requirements for error (falsing)

rate and clas

h described in 70.4.1 — 70.4.6 and 70.8.1 — 70.8.4.

70.2 Reference signal level

70.2.1

For the purpose of these requirements, the minimum signal strength required for normal operating

performance is designated as the reference signal level. The ambient radio-frequency noise level that

would affect

normal operating performance is to be designated as the maximum ambient nois

e level.

Exception: A
signal-to-noi

70.2.2 The
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above the m
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70.2.3 Unle

lternately, the combination of the signal and noise level is to be quantified g
be ratio.

5e values shall be specified by the manufacturer, and a productsspecific test pn
by the manufacturer for determining, in the field, whether the actual signal streng
nimum acceptable level and the actual ambient noise level is.below the maximu

ss indicated otherwise, the test setup is to employa transmitter that is to

directly to the receiver via a shielded electrical connection, and all measurements shall be t

shielded roo
method desc

Exception: W
transmission

70.3 Throu

70.3.1 For
accurately in
assurance th

70.3.2 Asqg
signal using
produce the
the signal st

M. The signal shall be attenuated such that‘the level measured at the receiy
ribed in 70.2.2) equals the reference signal level or minimum signal-to-noise lev

hen the transmitter is not capable of being connected via a shielded electrical c«
path is to be free field in a RF-shielded room.

ghput rate test

he purpose of this requirement, the throughput rate is a measure of the ability o
terpret and execute \upon receipt of a correct signal, in order to achieve a h
at alarm or emergency signals are not lost.

cond RF génerator shall be used to produce ambient noise that is to be added
a suitablei.combining network. A white-noise generator modulating the RF g5
hoise.-The frequency shall be varied across the receiver's specified width of the
fength shall be attenuated such that the level measured at the receiver (usin
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th received is
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f a receiver to
gh degree of

fo the wanted
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channel and
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described in

0:2.2) equals the maximum ambient noise level

70.3.3 A method of counting (which does not interfere with the normal transmitter output) shall be
implemented to record the number of transmissions and correctly received messages.

70.3.4 The transmitter/receiver combination shall complete 100,000 alarm transmissions without a signal
being missed, or 1,000,000 alarm transmissions with no more than one signal being missed.

70.3.5 While subjected to the conditions specified in 70.1.2, the transmitter/receiver combination shall
complete 500 alarm transmissions without a signal being missed. The RF generator specified in 70.3.2
shall only be utilized for conditions in 70.1.2 (d) and (e).
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70.4 Error (falsing) rate test

70.4.1 For the purpose of this requirement, the error (falsing) rate is a measure of the ability of a receiver
to discriminate between correct and incorrect transmission so that false or erroneous signals are not
accepted by the receiver as valid status indications from the various transmitters in the system.

70.4.2 A second RF generator shall be used to produce ambient noise that is to be added to the wanted
signal using a suitable combining network. A white-noise generator modulating the RF generator shall
produce the noise. The frequency shall be varied across the receiver's specified bandwidth and the signal
strength shall be attenuated such that the level measured at the receiver (using the method described in
70.2.2) equals the maximum ambient noise level.

70.4.3 A method of counting (which does not interfere with the normal transmitter .output) shall be
implemented to record the number of transmissions and correctly received messages.

70.4.4 The fransmitter is to be conditioned for continuous transmissions of:
a) 1,000,000 messages with one incorrect element, then
b) 1,000,000 messages with two incorrect elements, and finally

¢) 100,000 messages with three elements incorrect.

70.4.5 The {fransmitter/receiver combination shall comply with-Table 70.1.

Table 70.1
Error (falsing) rate test
Number of incorrect elements per Messages completed Maximum number ofjincorrect
message messages accepted as valid
1 1,000,000 2
2 1,000,000 1
3 100,000 0

70.4.6  Wheh zero incorrect messages having one or two incorrect elements are accepted ps valid after
the first 100,000 messages at any of the three test conditions (see 70.4.4), the testing at that number of
incorrect elements ‘per message shall be terminated and testing at any higher number] of incorrect
elements perjmessage is not required to be conducted.

70.5 Adjacent channel rejection test

70.5.1 For the purpose of this requirement, the adjacent channel rejection is defined as the ability of the
receiver to reject unwanted signals having a carrier frequency spaced one channel above and below that
of the transmitter.

70.5.2 A second RF generator shall be used to produce an unwanted input signal, which is to be added
to the wanted signal using a suitable combining network. The unwanted signal shall be modulated with
400 hertz at 60 percent of the maximum permissible frequency deviation. The level of the unwanted signal
shall be adjusted such that the ratio of unwanted to wanted signal level is minus 70 decibels for channel
spacings greater than or equal to 20 kilohertz, and minus 60 decibels for channel spacings less than 20
kilohertz.
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70.5.3 The receiver/transmitter combination shall comply with the requirements in 70.3.5 while operating
with the unwanted signal spaced one channel above the carrier frequency, and again with the unwanted
signal spaced one channel below the carrier frequency.

70.6

70.6.1

Intermodulation rejection test

The intermodulation rejection is the ability of a receiver to prevent two unwanted input signals,

with a specific frequency relation to the wanted signal frequency, from causing degradation to the
reception of a desired signal.

70.6.2 The receiver/transmitter combination shall comply with the requirements in 70.3.5 while operating

under the co

nditions-describedin70.6.-3-and 7064
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bted with 400 hertz at 60 percent rated systemideviation and shall have a f
w that of the wanted signal.

bus response rejection test

spurious response rejection is thelability of a receiver to prevent spurious ur
causing degradation to the reception of a desired signal.

receiver/transmitter combination shall comply with the requirements in 70.3.5 W
nditions described in 70.7-3 and 70.7 .4.

lieu of conducting the throughput at each of the frequencies specified in 70.7.4
fored for SINAD-at each frequency. The throughput is then to be conducted with
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gnal shall be
second signal
requency 100
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400 hertz at 60 percent of the maximum permissible frequency deviation.

70.7.4 The frequency of the unwanted signal is to be adjusted to each of the values indicated below. In
each case, the transmitter/receiver combination shall complete 500 alarm transmissions without a signal
being missed. Frequencies in the band width that is £100 kilohertz of the receiver frequency are to be
excluded.

a) Lower Image Frequency (FC — 2 IF);
b) Upper Image Frequency (FC + 2 IF);
c) FC—-1/21IF;

d)FC +1/2IF;
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e)FC -

IF;

f) FC + IF;

g) FC -

Injected frequency;

h) FC + Injected frequency;

i) FC —

focs; and

j) FC + focs;

in which:
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70.8.3 The
based on the

FC is the carrier frequency;
IF is the intermediate frequency; and

focs is the local oscillator frequency.

he purpose of these requirements, clash is a loss of aldrm signal information a
multiple transmitters being concurrently activated, as\described in Components
ection 44, so that their transmitted signals interfere with each other.

calculated clash rate for any given system.is‘@/function of the following:

ered);
ation of individual transmission;
hsmission rate;

ing scheme;

Fitization.

Mmanufacturer shall provide a derivation of the probability of successful signal
probability of clashes occurring. This derivation shall provide an explicit desg

the receiver
— Monitoring

ximum number of transmitters (tradsmitters for neighboring systems ar¢ not to be

ransmission,
ription of the

operating parameters and shall describe all the assumptions and equations used in the derivation.

70.8.4 The clash rate shall be such that:

a) There is a 90 percent probability that the time between the initiation of a single alarm signal until
it is recorded at the supervising station does not exceed 90 seconds;

b) There is a 99 percent probability that the time between the initiation of a single alarm signal until
it is recorded at the supervising station does not exceed 180 seconds; and

c) There is a 99.999 percent probability that the time between the initiation of a single alarm signal

until it

is recorded at the supervising station does not exceed 450 seconds.
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71 Primary Batteries Test
71.1 Life test

7111 When a primary battery is used, it shall provide power to the unit under intended ambient
conditions for a minimum of one year in the standby condition and then operate the product for a minimum
of 15 minutes of alarm, followed by 7 days of trouble signal. If the installation instructions of the product
indicate a battery replacement period exceeding one year, the tests specified in 71.2.1 — 71.4.3 shall be
conducted for that specified extended time period.

Exception: Battery life of less than one year (but not less than 6 months) under the ambient conditions
Speciﬁed in i-13-and- 114 are-allowed when the prr\rhlr\f is-marked-to-indicate-the-ambient limitations

for installation of the product.

71.1.2 Six $amples of the battery (or sets of batteries when more than one is used.forprimgry power) are
to be tested pnder each of the following ambient conditions for the time period détermined in 71.1.1 while
connected to the product itself or a simulated load.

71.1.3 Products for Indoor use/dry, indoor use/damp, and indoor use/wetlocations:
a) Ropm Ambient: 73.4 £5°F (23 £3°C), 30 - 50 percent relative humidity;

b) High Temperature: 120 +3°F (49 £2°C), or the highest.ambient operating temperature specified
in the|product’s marking

c) Low Temperature: 32 £3°F (0 +£2°C), or the:lowest ambient operating temperatune specified in
the product’s marking

d) Humidity: 90 +3°F (32 £2°C), 93 +5 percent relative humidity.

71.1.4 Products for outdoor use in damp'and wet locations:

a) High Temperature: 151 +3°F/(66 £2°C), or the highest ambient operating temperafure specified
in the|product’s marking;

b) Loy Temperaturey-40"+3°F (-40 £2°C), or the lowest ambient operating temperature specified in
the prioduct’s marking;

¢) Humidity: 140"+3°F (60 £2°C), 95 £3 percent relative humidity.

71.1.5 For [theytest, either product samples or automatic test loads simulating a maximmum standby
current drairmmmmmmrd simulating

maximum alarm current conditions. The batteries are to be tested in the mounting clips used in the
product.

71.1.6 Terminals or jacks are to be provided on each test means to facilitate measurement of battery
voltage, standby and alarm currents. The measuring means is to be separated from the battery test means
by a wiring harness at least 3 feet (0.9 m) long, or other equipment that has been determined to be
equivalent.

71.1.7 During the course of the test, the battery voltage and current in standby is to be recorded
periodically. Once a month, the alarm load shall be momentarily connected to the battery for 30 seconds
and the alarm voltage recorded after 3 seconds.
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71.1.8 At the end of the test period, all batteries shall have sufficient capacity to operate the alarm signal
for a minimum of 15 minutes, followed by 7 days of trouble signal. When, at the conclusion of the test
period and after 15 minutes of the alarm condition, the battery voltage level is too high for the product to
transmit a trouble condition, the alarm test period shall continue until the trouble signal level is obtained.

71.2 Battery trouble voltage determination

71.2.1 An increase in the internal resistance, or a decrease in terminal voltage, of a primary battery shall
not impair operation for an alarm signal before a trouble signal is obtained. In addition, any combination of
voltage and resistance at which a trouble signal is obtained shall be greater than the battery voltage and
resistance combination measured over the time period and in the environmental conditions described in
71.1.2.

71.2.2 The frouble level of a battery-operated product shall be determined using the test.circuit in Figure
71.1 and the yoltage-resistance curves of Figure 71.2 for each of the following voltages:

a) Ratgd battery voltage;
b) Trolble-level voltage (assuming minimal or no series resistance);

c) Voltages between rated and trouble-level voltage.

Figure 71.1

Test circuit
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|
|
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Figure 71.2

Trouble level determination
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A — Rated battefy voltage.

B — Trouble level voltage (assuming minimal resistance).

C — Voltage valle between rated and trouble level.

D — Trouble levdl resistance at rated battery voltage.

E — Trouble levd resistance at voltage value C.

F — Maximum pgrmissible battery resistance and minimum voltage after 1 year in long-term battery test.
Curve A — Samgle plot of voltage vs. resistance (product trouble level curve) at which a trouble signal in a product is pbtained.

Curve B — Sample plot of battery internal:resistance vs. battery open circuit voltage derived from life battery test. SHape and slope of
curve, as well ag point of intersection with Curve A, will vary depending on battery used.
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71.2.3 To determine compliance with 71.2.1, each of three products is to be connected in series with a
variable regulated direct current power supply and a variable resistor as illustrated in Figure 71.1. The
trouble level is to be determined by the following steps:

a) Rated Battery Voltage — The voltage of the power supply is to be set at the rated battery voltage
and the series resistor at 0 ohms. The resistor is to be increased until a trouble signal is obtained.
The product is to be tested for alarm operation at each resistance level and at the trouble signal

level;

b) Trouble Level Voltage — With the variable resistor set at 0 ohms, the voltage of the power supply
connected to the unit is to be reduced in increments of 1/10 volt per minute to the level where the
trouble signal is obtained. The product is to be tested for alarm operation at each voltage level and

at the

c) Vol
to be

The s
tested
suffici
curve.

71.2.4 To de¢termine that a battery is capable of supplying alarm and trouble signal power t

s lal H Ll |
LUUUIC SIYriar tIcveld,
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evel voltage.
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tage level. A
trouble level

b the product

for the period specified for the product under the environmental coanditions indicated in 71./1.1 — 71.1.6,
Curve A of Flgure 71.2 is to be plotted from the data obtained in the measurements described in 71.2.3

and compare
71.1.6. The ir
for the produ

baseline), shall be below Curve A.

71.3 Batter]
71.3.1 The
and replacen

test shall not

71.3.2 Fort

replaced as recommended\by the manufacturer. The product shall then be tested for intended

71.4 Butt-ty

7141 Whe

 to Curve B of the above referenced figure, which is plotted from data generate
tersection of Curves A and B shall not occurbefore the period specified by the
ct. Additionally, all points of Curve B to‘the right of the intersection point (ext

y replacement test

battery clips intended for ¢anhecting a primary battery shall withstand 50 cyclg
ent of the battery from thé battery terminals without any reduction in contact
mpair the intended operation of the product.

his test, a product is to be installed as intended in service and the battery(ies)

pe connection pressure test

din71.1.1 -
manufacturer
ended to the

s of removal

ntegrity. The

emoved and
operation.

h tested in accordance with 71.4.2 and 71.4.3. fixed butt-type connections of a

roduct shall

apply a minimum of 1.5 pounds (6.6 N) force to each battery contact.

71.4.2 Each battery shall be installed as intended and the position of the butt-type mounting connector(s)
noted. The batteries shall be removed and the force needed to depress the butt-type connectors the same
distance shall be measured.

71.4.3 When the connections are dependent upon a polymeric material, the requirement in 71.4.2 is to
be completed after the mold stress-relief distortion test specified in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.
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72 Strain-Relief Test

72.1 Cord-connected products

72.1.1 When tested in accordance with 72.1.2, the strain-relief means provided on the flexible cord shall
be capable of withstanding for 1 minute, without displacement or damage to the wire insulation, a direct
pull of 35 pounds-force (156 N) applied to the cord, with the connections within the product disconnected.

72.1.2 A 35-pound (15.9-kg) weight is to be suspended on the cord and so supported by the product that
the strain-relief means is stressed from any angle that the construction of the product permits. The means
of affording strain relief does not meet the requirement when, at the point of connection of the conductors,

there is mov

72.1.3 Whqg
completed a
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72.2 Field

7221 Eac
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n the strain relief is dependent upon a polymeric material, the requirementyin 7
ter the mold stress-relief distortion test specified in the Standard for,Polymer
cal Equipment Evaluations, UL 746C, is conducted.

connection leads

N lead used for field connections, including a battery clip lead assembly, shall w

connection of the conductors, there is movement of the wire indicating strqg
b the soldered connections.

n the strain relief is dependent upon a_polymeric material, the requirement in 7
ter the mold stress-relief distortion, test specified in the Standard for Polymer
cal Equipment Evaluations, UL 746C; is conducted.

A End-Piece Secureness Test

(-piece used to blunt the“end of a sharp point shall be capable of withstandin
(22.3 N) applied as-described in 73.2.

rce is to be applied by a weight that exerts a force of 5 pounds-force (22.3 N) o
force for a-period of 1 minute in any direction permitted by the construction of
When polymer materials are involved in the construction of the parts or the sed
be cenducted before and after the Component Temperature Test, Section 54.
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bt meet the requirement when the end-piece pulls free or antenna sections are

ment of the cord inrﬁr\nfing stress-has-been-tiransmitted-to-soldered-connections.
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74 Polarity Reversal Test

741

A product intended to be connected to a DC supply or primary battery shall not be damaged or

present a risk of fire or electric shock when connected to rated voltage when each supply connection is of
the incorrect polarity. The incorrect polarity is to be applied until ultimate conditions occur. Opening of a
protective fuse is not prohibited during this test.

Exception: A connection type that prevents the reversal of the supply shall not be subjected to this test.

74.2 One sample is to be subjected to this test. The product shall then be tested for its intended

operation.
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