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INTRODUCT

1 Scope

ION

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 communicate critical information within buildings and/or outdoor areas about emergencies
including but not limited to terrorist activities, hazardous chemical releases, severe weather, fire, and other

situations that may endanger the safely of the occupanis of an area or facility. Communicat

voice and vis
with the prog

Lial instructions, as well as alert and evacuation signals. An installation docume
uct describes the various products needed to form an emergency cemmuni

mass notification system and their intended use and installation.

1.8 These rg
the performa
ECS/MNS.

quirements address emergency service personnel communication system inter
nce of their duties if that communication equipment is used.to interface with

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

Fire Alarm ar
Alarm and S
assessed to

d Signaling Systems, Including Accessories, UL 464,vand the Standard for Spe
gnaling Systems, Including Accessories, UL 1480." Visible notification applian
he Standard for Signaling Devices for the Hearing Impaired, UL 1971, or the

Visible Signdling Devices for Fire Alarm and SignalingZSystems, Including Accessories,

applicable. T

1.5 Products
with the UL S

1.6 Non-fire
General Purg

2 Compone
2.1 Except a
requirements

products cov

2.2 A compg

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

incorporating fire and/or security signaling functions or other life safety systems
tandards applicable to their intended function and application in addition to thi

bmergency manual actuating’stations shall comply with the requirements of the
ose Signaling Devices and Systems, UL 2017.

nts
S indicated jnv2.2, a component of a product covered by this standard shall co
for that component. See Appendix A for a list of standards covering componen

bred by(this standard.

nent'is not required to comply with a specific requirement that:

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

faces used in
br control the

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

shall comply
5 standard.

Standard for

mply with the
Is used in the

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.
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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.

3 Units of Measurement

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

4 Undated Ieferences

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

5 Glossary
5.1 For the gurpose of this standard, the following definitions apply.

5.2 ACKNOWLEDGE - Action taken to confirm that a message-or signal has been recejved, such as
pressing a button.

5.3 ADVERSE CONDITION — Any condition occurring in ‘@\¢ircuit or communication path that interferes
with the proper signaling or interpretation of status-ch@nge signals or both. Conditions |include radio
frequency intprference.

5.4 AIR-HANDLING SPACE — Space not specifically fabricated for environmental air-hand|ing purposes
but used for @ir handling purposes as a plenum. (The space above a hung ceiling used for ¢nvironmental
air-handling is an example.)

5.5 ALARM BIGNAL — A signal indicating an emergency condition requiring immediate action.

5.6 ALERT TONE - An attention-getting signal to alert occupants of the pending transmiss|on of a voice
message.

5.7 ANCILLARY FUNCTION/DEVICE — Non-emergency and/or non-fire devices for funcfions such as
general paging, background music, or other non-emergency signals.

5.8 ANECHQICYyCHAMBER — a room characterized by an unusually low degree of reverberation,
simulating a free-fiefd—conditiomwhich s free from bottTintermat-and-extermat-acousticat imetference.

5.9 ANNUNCIATOR — A unit containing one or more indicator lamps, alphanumeric displays, or other
equivalent means in which each indication provides status information about a circuit, condition, or
location.
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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 deline

ated 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

const

ruction system.

) The first two Jentences of 5.11 originated from 3.3.32 and A.3.3.32 of the Life Safety Code® NFPA 101® - ZOO‘L, © 2009 NFPA;

the remaining m
Protection Asso

5.12 CHANN
within a frequ

5.13 CIRCU

a) H
havir

b) Ld
curre]

c) P
Table

5.14 COMBI
whole or in
security, non

5.15 COMM
data connecf
Communicati
property. Ex3
facility that m

5.16 CONTI

aterial is not that of the NFPA. Life Safety Code® & NFPA 101® are registered trademarks of
iation, Quincy, MA.

EL — A path for voice or signal transmission utilizing modulation of light or alter
ency band.

[T CLASSIFICATIONS:

gh-Voltage Circuit — A circuit involving a potential of-Aet more than 600 volts 1
g characteristics in excess of those of a low-voltage ‘Circuit.

w-Voltage Circuit — A circuit involving a potential of not more than 30 volts alt
ht (AC) rms, 42.4 volts direct current (DC)-oF peak.

pwer-Limited/Class 2/3 Circuit — A ciretiit wherein the power is limited as speci
s 52.1 and 52.2.

NATION SYSTEM — An emergency alarm system whose components migh
critical process monitoring, paging, or building automation.

UNICATION LINK(CL) — Supervised physical media or wireless methodology f
ion and contrd| circuits between a life safety system within a building and

bns Control.Unit and/or other control/annunciation systems on contiguous or ng
mple — Ethernet data connection from a building on a campus and a manag
onitors'and controls the building system.

he National Fire

hating current

ominal and

ernating

fied in

be used, in

pbart, in common with a-nen-emergency alarm signaling system such as smoke control,

br providing a
h Emergency
n-contiguous
ement/safety

bt of ground,

5UQUS PROPERTY — A single owner or single user on a continuous pl

including any buildings thereon, that'is not separaied by a public thoroughfare, tfransportafion right-of-way,

property own

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

5.17 CONTROL LOCATIONS - Consists of an authorized personnel operator interface such as a LOC,
ACU, or ECCU that can obtain control of an audio network and the respective notification zones.
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5.18 DIRECTIVITY - is the response (audibility) of a transducer as a function of the direction of the
transmitted sound waves in a specified plane and at a specified frequency.

5.19 DISPLAY — The visual representation of output data or status information, other than printed copy.
5.20 DISTINCTIVE SIGNALS - Signals obtained from different sounding appliances (such 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 DISTRIBUTED RECIPIENT MASS NOTIFICATION SYSTEM — A system intended to communicate

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

5.22 DISTRI
service provi

5.23 DISTRI
combination

5.24 DISTRI
can be a cor
on-premise g
such as fire §

this system must comply with this standard.

5.25 DISTRI
system host
capabilities,
system must

5.26 DISTRI
hosted within

may not be in a contiguous area.

5.27 DUAL ]
phones for si

5.28 ECS/M
to occupants
equipment th
strobe lights

BUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HOSTED — A sysien
ler intended to communicate to targeted individuals that may not be in a_centi

BUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HYBRID —A system
bf both hosted and premise based.

BUTED RECIPIENT MASS NOTIFICATION SYSTEMS — HYBRID-HOSTED -
nbination of both hosted and premise based. A system hosted by a service
omponents connecting to local notification distribution ¢apabilities and MNS
larms, digital displays, unified communication systems, etc. The on premise ¢

BUTED RECIPIENT MASS NOTIFICATION ‘SYSTEMS — HYBRID-PREMISH
bd within a customer’s internal network,“connecting to hosted notificatio
such as text messaging, voice telephony, email, etc. The on premise compq
comply with this standard.

BUTED RECIPIENT MASS NOTIFICATION SYSTEMS — PREMISED-BASEL
a customer’s internal network_intended to communicate to targeted individual

fONE MULTI FREQUENCY (DTMF) — Where specific tones are assigned t
pnal detection across analog lines.

NS — A configuration of components and interfaces that are used to communica
in a building, area site, or other space about emergency conditions. Systems n
at can (reproduce live and recorded voice messages, tones and visual indica
bnd_visual displays.

5.29 EMER

h hosted by a
juous area.

that can be a

A system that
brovider, with
components,
bmponents of

-BASED - A
h distribution
nents of this

D — A system
5 that may or

o touch tone

e information
hay consist of
itors such as

GENCY COMMUONCATIONS CONTOLUNT (ECCU)— A Systerm wit|

h ECS/MNS

communications and control used in conjunction with one or more ACUs, local wide area, or wide area
mass notification system applications.

5.30 EMERGENCY CONDITION — A sudden and/or unusual event that may impart harm to a being,
operation, facility or similar entity that requires immediate action or response. Examples of an emergency
event — terrorism, fire, security breach, inclement weather. Examples of a non-emergency event — sales
updates, general paging, music.
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5.31 EMERGENCY CONTROL FUNCTION - Building, fire, and emergency control functions that are
intended to increase the level of life safety for occupants or to control the spread of the harmful effects of
fire or other dangerous products.

5.32 EMERGENCY CONTROL FUNCTION INTERFACE DEVICE — A fire alarm or signaling system
component that directly interfaces with the system that operates the emergency control function.

5.33 EMERGENCY CONTROL UNIT — A device that is used in the transmission of digital or 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 afjd distribufing voice instructions, as well as evacuation signals pertaining to-ah emergency,

to the occupad

5.35 END-O
circuit for fau

5.36 EVACU

5.37 EVACU
evacuation o

5.38 EXTER
5.39 FAULT

5.40 FIELD
and loads.

5.41 FIXED
electrically to

5.42 GATEW
control unit t
system contr

5.43 GROUN
condition.

5.44 GROUN

NAL CIRCUITS — Circuits or wiring leaving the jproduct.

nts of a building.

-LINE DEVICE - A device installed at the end of a circuit for the purpose of n
t conditions.

ATION — The withdrawal of occupants from a building.

IATION SIGNAL — Distinctive signal intended to be recoghized by the occupant
the building.

— An open, ground, or short-circuit conditiolyon any line extending from a pro

IVIRING — Conductors connecting the-product to source(s) of supply, devices, o

the wiring system.
AY — A device that is used in the transmission of digital or analog data from th
b other building-systems control units, equipment, or networks, and/or from
bl units to the emergency system.

ID FAULT ="A circuit impedance to ground sufficient to result in the annunciatig

IDED" CONDUCTOR — A conductor employed to connect the intentionally grg

nhonitoring the

5 as requiring

duct.

her products,

EQUIPMENT - Any equipment product that is intended to be permanenfly connected

e emergency
bther building

n of a trouble

unded circuit

of a wiring sy

StenTto & grounding efectrode:

5.45 GROUNDING CONDUCTOR - A conductor employed to connect non-current-carrying parts of
equipment, raceways, and enclosure to a grounding electrode at the service which is, in turn, connected
to earth ground or to some conducting body which serves in place of earth ground.
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5.46 HIGH POWER SPEAKER ARRAY (HPSA) — A product providing capability for voice and tone
communication to large outdoor areas.

5.47 IN-BUILDING MASS NOTIFICATION SYSTEM — A system used to provide information and
instructions to occupants in a building or other space using voice communication, visible signaling and
other communication methods.

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

5.49 INITIATING DEVICE CIRCUIT — Circuit to which automatic or manual initiating devices are
connected where the signal received does not identify the individual device operated. Examples include:

Biological de
alarm control

5.50 INITIAT
Initiating Dev

5.51 INSTAL

a) D
Such
swim
cano

b) D

c) Wet — A location subject to rain (or thespray of noncorrosive and nonflammable

may
unde

5.52 LIFE S
gateways to

ectors, tornado alert, panic swiich, dry relay contact from other emergency. g
unit.

ING ZONE — A defined area within the protected premises that (contains
ces, for which a status indication can be received.

LATION LOCATIONS:

bmp — A location protected from sun, rain, and water, bui’may be subject to m
locations may include basements, barns, cold-storage, warehouses, greenhou
ming facilities, and the like. They may also include)partially protected locations
bies, marquees, roofed open porches, and the fike.

'y — A location with a controlled ambient thab/is not subject to dampness or weg
become saturated with water or thaisis unprotected from the weather. Includes
Fground, or in concrete slabs or masonry in direct contact with the earth.

AFETY NETWORK — A type’of combination system that transmits life safety
bther life safety systems.

5.53 LOCAL
for authorize

5.54 LONG-
protected pr
private radio

product and i

occupants to (nitiate messages and signaling in an emergency condition.

ANGE BADIO-FREQUENCY DEVICES - Any device that communicate
mises.and a subsidiary station, supervising station, or another protected prer
etwotk:

roduct or fire

one or more

oisture.

ses, indoor
under

tness.
liquids) that

locations

data through

OPERATING CONSOLE (LOC) — An in-building mass notification system operating console

5 between a
nises using a

s transmitted via a wired or wireless pathway from an origin to a destination.

status of the

5.56 NON-CONTIGUOUS PROPERTY — A series of plots of land under the same ownership including
any buildings thereon that are separated by a public thoroughfare, transportation right-of-way, property
owned by a party or used by others.
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5.57 NON-EMERGENCY FUNCTION — A function not associated with property protection and/or life
safety.

5.58 NON-VOLATILE MEMORY - A storage device not alterable by the interruption of the power to the
memory; for example, ROM, FLASH, PROM, EPROM, and EEPROM.

5.59 NOTIFICATION APPLIANCE — A component that provides audible, tactile, or visible outputs or any
combination thereof.

5.60 NOTIFICATION APPLIANCE CIRCUIT — A circuit or path directly connected to a notification
appliance(s)®. Examples include circuits that connect to non-addressable speakers, strobe lights, horns,

chimes and other indicating appliances.

3) The first sentd
2007 NFPA; the

5.61 NOTIH
simultaneous|

5.62 OPEN

5.63 OPERA
control point
action capab
the system. S
to a Graphic
Emitting Diodg

5.64 PATH
information b|

5.65 PORT A

5.66 PORTABLE EQUIPMENT — A product that is easily carried or conveyed by hand. Whe

be connected

the supply cifcuit.

5.67 POWEF
connecting it

5.68 PRERHE
translate a p

nce of 5.60 originated from 3.3.114 of the 2007 edition of the National Fire Alarm Code®, NP
remaining material is not that of the NFPA.

ICATION ZONE - An area covered by notification applianges, that &
y.

FAULT — A circuit impedance increase sufficient to prevent.narmal operation.

TOR INTERFACE — Also referred to as a User Interface’The man-machine g
pf a system that provides information as to system<tatus and may provide sy
lities so that the human operator may invoke commands and/or requests for i
ystems may have one or more Operator Interfaces. This interface may be, but g
bl User Interface (GUI) such as a computer screen, a Liquid Crystal Displayj
es (LED) or other luminary indicators and/er’audible indicators and/or tactile d

PATHWAY) — Any conductor, optic’fiber, radio carrier, or other means fo
ctween two or more units and/or loecations.

- A physical interface on a preduct used for communications via a CL.

to a high-voltage cireuit, the product is provided with a power supply cord for

R SUPPLY «=)A"source of electrical operating power including the circuits and
to the dependent product/system components.

CORDED MESSAGE DEVICE — An automatically- or manually-actuated devig
exrecorded message stored on a tape or other medium into an electronic sig

\ 72® - 2007, ©

re activated

isplay and/or
stem input or
nformation to
ire not limited
(LCD), Light
isplays.

- transmitting

n intended to

connection to

terminations

e intended to
nal 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 PROTE

CTED PREMISES — The physical location protected by a fire alarm system?).

4) 5.70 originated from 3.3.142 of the 2007 edition of the National Fire Alarm Code®, NFPA 72® - 2007, © 2007 NFPA

5.71 QOS — Quality of Service refers to the ability to prioritize data of one particular type over another on
a shared network.
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5.72 REPEATER — Equipment used to relay signals between a remote unit, initiating device or similar

device and th

e receiving unit.

5.73 RESET — A control function that attempts to return a system or device to its normal non-emergency

state.

5.74 RISK OF ELECTRIC SHOCK — A risk of electric shock is determined to exist at any part if:

a) The potential between the part and earth ground or any other accessible part is more than
42.4 V peak, and

b) The continuous current flow through a 1500 ohm resistor connected across the potential

exceeds 0.5 mA.

5.75 RISK OF FIRE — A risk of fire is considered to exist at any two points in a circuit.whe

a) T
unde
minu

b) A
the t

5.76 SECON

5.77 SHOR
communicati
telephone de

5.78 SIGNAI
addressable
input signals
circuits to da

5.79 SOFTW
processing u
of executive

a) E
othen
perfo

e open circuit voltage is more than 42.4 V peak and the energy available to t
e of operation; or

power of more than 15 watts can be delivered into an, external resistor conne
VO points.

DARY POWER SOURCE - Provides power whenthe primary power source f

T MESSAGE SERVICE (SMS) — A _,éommunication service using o
bns protocols allowing the interchange™of short text messages to and bet
vices. A SMS message can handle up-io 160 characters including spaces.

LING-LINE CIRCUIT (SLC) — A™physical media circuit path between any
appliances or devices, circuit_interfaces, control units, or transmitters over
output signals or both ate-¢arried. Examples — Addressable input/output d
a devices such as printers.

ARE — Programs;-instructions, procedures, data, and the like that are execute
nit of a product’and which influences the functional performance of that produg
boftware and'site-specific programming.:

ecutive_Software — Control and supervisory program which manages the exe
programs and directly or indirectly causes the required functions of the produ
rmed:

re:
he circuit
I any condition of load including short circuit, results in a current|of’8 A or mote after 1

tted between

Ails.

tandardized

ween mobile

mbination of

c
{hich multiple

vice circuits,

i by a central
t. Composed

ution of all
ct to be

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.
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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 STORAGE BATTERY — Any battery which, by design or construction, is intended to be recharged.

5.83 SUPERVISING STATION — The operator interface system to which alarm and trouble signals are
directly monitored or are received from remote monitoring units. Intended to be constantly attended and

maintained by competent and experienced personnel.

5.84 SUPER
enclosure do

5.85 SUPPL

5.86 SUPPL
controlling a

5.87 SUPPL
be connected

5.88 TONE
introduced in

5.89 TRANS
the supervisi

5.90 TROUE
circuit break
protective sig

5.91 USER -

5.92 WIDE A
areas, includi

5.93 WIRE-T

VISORY SIGNAL — A signal indicating the need for action in connection wi
prs, tamper signals, or maintenance features of related systems.

EFMENTARY — Refers to equipment or operations not required by this standarg
FMENTARY CIRCUIT OR PATHWAY — A circuit or pathway- provided by
Hevice, the operation of which is supplementary to the requirements of this stg
to a supplementary device circuit.

SENERATOR — A device intended to generatean electronic signal that, when
0 speakers, produces a non-prerecorded,.non-vocal, audible signal.

PONDER — A multiplex alarm transmission system functional assembly locateg
hg station.

LE SIGNAL — A visual or audiblée signal indicating a fault condition of any naty
or ground or other trouble-condition occurring in the device or wiring asso
naling system.

- An individual who, Operates or services the product.

REA MASS'NOTIFICATION SYSTEM — A system which provides real time i
hg outdoar)-in a contiguous or non-contiguous campus, region or global geogra

O-WIRE FAULT — A wire-to-wire (short circuit) fault is determined to be a res

h opening of

b product for
ndard.

EMENTARY DEVICE — A device that has not been investigated to this standard intended to

amplified and
remote from
re, such as a

ciated with a

nformation to
bhical setting.

stance of 0.1

ohm or less ercross 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 A product shall use materials that have been determined to comply with the requirements for the
particular use, as indicated by the performance requirements of this standard.

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 breakage or deterioration of a part such as an enclosure, a frame, a guard, or the like can

result in a ris
conditions.

6.4 The requ
to involve a 11

6.5 Electrica

be installed i air-handling spaces shall additionally comply with the requirements in the Sta

Test for Hes
Air-Handling

6.5.1 Enclos
in Mechanica
Adhesive, Se

6.6 Products
the following
13.6, 15.4, 2

7 Enclosures

7.1 General

7.1.1 All eleg
prevent conts

K Of Injury 10 persons, the part shall be constructed to meet the demand or exp

irement in 6.3 applies also to those positions of a part adjacent to aymoving
sk of injury to persons.

equipment with nonmetallic enclosures and other non-metallic discrete object

t and Visible Smoke Release for Discrete Products dand Their Accessorie
Spaces, UL 2043.

Lire parts fastened with adhesive meeting 10.6 -10.9 shall comply with the test
| Strength Tests for Metal Enclosures and<Guards and Enclosure Parts H
ction 67.

that currently meet the requirements.ef' UL 60950-1 or UL 60065 need only bg
sections with respect to the construction requirements: 7.1, 10.5, 12.1, 12.2,
D, 24.1, 26.3, and 28.

trical parts of @ product shall be enclosed to provide protection of internal con
ct with uninsulated live parts.

pcted loading

part identified

5, intended to
ndard for Fire
5 Installed in

requirements
astened with

evaluated to
13.1 — 13.3,

hponents and



https://ulnorm.com/api/?name=UL 2572 2018.pdf

DECEMBER 14, 2018 MASS NOTIFICATION SYSTEMS - UL 2572 18A

7.2 Metallic material

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

Use, or dimensions of area involved?

Minimum thickness

Die-cast metal, Cast metal other than die-
cast,
inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less and having no 116 (1.6) 1/8 (3.2)
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 caonduit hole 1/4 (6.4) 1/4 (6.4)
At an unthreadgd conduit hole 1/8 (3.2) 1/8 (3.2)
@ The area limifation for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs ‘subd|viding 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 thickhess
reinforcing?
Maximum width,? [ Maximum length,® | Maximum width,’ | Maximum Jéngth, Uncoated, Metal coated,
inches (mm) inches (mm)
inches (cm) inches (cm) inches (cm) inches (cm) [MSG] [G$G]
4.0 (19.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.923 (0.58)
4.75 (13.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) [24] [24]
6.0 (18.2) Not limited 9.5 (241y Not limited 0.026 (0.66) 0.429 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25:4) 12.5 (31.8) [22] [22]
8.0 (29.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.434 (0.86)
9.0 (23.9) 11.5 (29.2) 13:0 (33.0) 16.0 (40.6) [20] [20]
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.945 (1.14)
14.0 (33.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) [18] [18]
18.0 (44.7) Not limited. 27.0 (68.6) Not limited 0.053 (1.35) 0.456 (1.42)
20.0 (5Q.8) 25.0 (68.5) 29.0 (73.7) 36.0 (91.4) [16] [16]
22.0 (58.9) Not.limited 33.0 (83.8) Not limited 0.060 (1.52) 0.463 (1.60)
25.0 (63.5) 81.0 (78.7) 35.0 (88.9) 43.0 (109.2) [15] [15]
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.4q70 (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

inches (c

Maximum width,?

Without supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing?
Maximum length,® | Maximum width,’? | Maximum length, Uncoated, Metal coated,
inches (mm) inches (mm)
inches (cm) inches (cm) inches (cm) [MSG] [GSG]

m)

enclosure may

shall be limited
wide.

1) A single sl
2) A single sh
3) An enclosy
b The width is {

¢ For panels wh

a 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:

eet with single formed flanges (formed edges),

eet which is corrugated or ribbed, and

re surface loosely attached to a frame, for example, with spring clips.
he smaller dimension of a rectangular sheet metal piece which is part of an enclosuré.)Adjacent surfaces of an
have supports in common and be made of a single sheet.
ich are not supported along one side, for example, side panels of boxes, the length’ of the unsupported side
to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch|(12.7 mm)

Table 7.3
Minimunj thickness of sheet metal for electrical enclosufes ‘of aluminum, copper,|or brass
Without supporting frame? With supportingframe or equivalent Minimym thickness,
reinforcing?

Maximum width,? Maximum length,°® Maximum ‘width,? Maximum length,

inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
3.0 (7.6) Not limited 70 (17.8) Not limited
3.5 (8.9) 4.0 (10.2) 8.5 (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) 135 (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) +1\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 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0.058 (1.47)
18.0 (457) Not limited 42.0 (106.7) Not limited
20.0 (50787 2570 (6375) 4570 (WREZS)) 5570 (139777 07075 (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)

Table 7.3 Continued on Next Page
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Table 7.3 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing®

inches

Maximum width,?

Maximum width,?
inches (cm)

Maximum length,®
inches (cm)

Maximum length,

(cm) inches (cm)

Minimum thickness,

inches

(mm)

2) A single sh
3) An enclost
b The width is 1
enclosure may

¢ For panels wi
shall be limited
wide.

a 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 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),

eet which is corrugated or ribbed, and
re surface loosely attached to a frame, for example, with spring clips.

have supports in common and be made of a single sheet.

ich are not supported along one side, for example, side panels of boxes, the length 'of the unsup
to the dimensions specified unless the side in question is provided with a flangé)at-least 1/2 inch

he smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an

borted side
(12.7 mm)

7.2.2 Where

wall, or wher¢ a construction that is determined to be equivalent is ysed, there shall not be le

nor more tha
can be attach

7.2.3 Where
enclosure w4
rounded inlet
provided by 4

7.2.4 Atany
be of such tH
that of an un

7.3 Polymer
7.3.1 Polyms
for Polymeric

requirements

7.3.2 Polymd

threads for the connection of conduit are tapped all the way through a hole in

N 5 threads in the metal, and the construction shall ©e) such that a standard co|
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
ickness or shall be so formed-or reinforced that it will have stiffness at least
ic materials

ric materials, used as an enclosure shall comply with the applicable portion of
Materials,==Use in Electrical Equipment Evaluations, UL 746C, and also with

specifiedin this standard.

ricdmaterial that is not used as an enclosure, but that is attached to or ex

outside of a

Coated flat sheet of steelhaving a minimum thickness of 0.032 inch (0.81 mm).

an enclosure
ss than 3-1/2
nduit bushing

a hole in an
pbe a smooth,
valent to that

et metal shall

equivalent to

the Standard

the additional

bosed on the

roduct such as a viewing window, shall have flammability characteristics as sh

own in Table

7.4.
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Table 7.4
Flammability characteristics of polymeric material

Po

lymeric material area/dimensions Flammability rating

0.24 inches® (4

maximum length

Greater than 0.24 inches® (4 cm3) and less than 2 square feet
(0.19 m?), 6 feet (1.83 m) maximum length

Greater than 2 square feet (0.19 m2) and less than 10 square
feet (0.93 m?), 6 feet (1.83 m) maximum length

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

cm?®) maximum and 2.4 inches (61 mm) None
HB, V-2, V-1, V-0, or 5V

V-1, V-0, or 5V

Maximum flame spread rating of 200 as specified in the

(1.83 m) Standard for Test for Surface Burning Characteristics of
BuitdimgWateriats;, Ot723; or radiant paretas ypecified in the
Standard for Tests for Flammability of Plastic(Mpterials for
Parts in Devices and Appliances, UL 94
7.3.3 Condugtive 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 — Usg in Electrical
Equipment Eyaluations, UL 746C, unless flaking or peeling of the coating cannet result in the reduction of

spacings or t

7.3.4 A poly
the requirem
for Electrical

7.3.5 The cd
polymeric m
Standard for

7.4 Covers

7.4.1 An eng
or any other

or resetting, ¢r when it is necessary.to-open the cover in connection with the normal operati

Exception:
means of a f
applies only
other indicatd

7.4.2 Norma

I]n

ne bridging of live parts.

eric enclosure intended for connection to a rigid metallie’conduit system sha
ts for polymeric enclosure rigid metallic conduit connections in the Standard f
Equipment, Non-Environmental Considerations, Uk 50.

ntinuity of a conduit system shall be provided by metal-to-metal contact and
hterial and shall comply with the requiretnents for polymeric enclosure bg
Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 5

losure cover shall be hinged, sliding, pivoted or similarly attached to provide ag
pver current-protective device, the intended protective functioning of which req

n lieu of providing a“hinged, sliding, or pivoted cover, supervision of the enclo
bmper feature 'is suitable when its operation results in either a trouble or alarr
when the cever provides access to overcurrent devices such as fuses or circu
rs that at€ not used on a continuing basis.

operation referenced in 7.4.1 is determined to be operation of a switch for

| comply with
br Enclosures

not rely on a
nding in the
D.

cess to fuses
Lires renewal
bn of the unit.

sure cover by

n signal. This
it breakers or

testing or for

silencing an

hudible signal appliance or operation of any other component of a unit which

equires such

action in connection with its intended performance.

7.4.3 A hinged cover 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 subassembly, 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 .”
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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 a glass cover
shall not be less than that indicated in Table 7.5.

Table 7.5
Thickness of glass covers
Maximum size of opening Minimum thickness,
Length or width, Area,

inches (mm) inches? (cm?) inch (mm)

4 (102) 16 (103) 1/16 (1.6)

12 (305) 144 (929) 1/8 (3.2)
over 12 (over 305) over 144 (over 929) see note.a

2 1/8 inch (3.2

m) or more, depending upon the size, shape, and mounting of the glass panel.

7.4.5 A glass
any dimensio

3/16 inch (4.8 mm) deep along all four edges of the panel, or other means thal-have been

be an equiva

7.4.6 A trang
introduce a r
be subjected

7.5 Battery

7.5.1 A com
occupied by
of air for disp
incorporated

7.5.2 The in
detrimental a

7.6 Enclosufe openings — Géneral

7.6.1 An end
of the wall sH
hollow space

panel for an opening having an area of more than 144 square inchés, (929 cn
n greater than 12 inches (305 mm), shall be supported by a continuous groove

ent arrangement.

parent material other than glass used for the cover,of.an observation oper
sk of fire, distort, nor become less transparent at the\temperature to which it
under either normal or abnormal service conditions. 'See 7.3.2.
Compartments

partment for vented storage batteries shall have a total volume at least twic

ersion of gas while the battery is being charged at the highest rate permitted
n the control unit.

erior of a storage battery~eompartment shall be protected so that it will bg
Ction by the electrolyte.

losure intended for recessed mounting and whose front panel is to be flush wit
all have fho-openings that vent into concealed spaces of a building structure,
5 in the\wall, when the product is mounted as intended.

h?), or having
not less than
letermined to

ing shall not
s intended to

e the volume

he batteries. Ventilating openings shall be provided and so located as to permnit circulation

by the means

b resistant to

h the surface

such as into

2 or 3 loads.

Exception:

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

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.
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7.7 Enclosure top openings

7.7.1 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 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

1 yrjr
o L1 L

FC500 VERTICAL OPENINGS

7.8 Enclosufe side openings
7.8.1 An opgning in theside of the enclosure shall:

a) Npt exceed 0.19 inch (4.8 mm) in any dimension;

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

c) Be located 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

INSIDE \ OUTSIDE

INWARD PROJECTION
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Figure 7.3
Example of enclosure side opening

o

$3162A

A — Enclosure side openihg.

B — Vertical projgetionof 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 Jomponent under whiehnan enclosure (flat or dished with or without a lip or other raised edge) off noncombustible
material is to be|provided. The sketch,is of an enclosed component with ventilation openings showing that the enclpsure is required
only for those openings through'which flaming parts are to be emitted. When the component or assembly does hot have its own
noncombustible pnclosure, 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 horizdntal 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.


https://ulnorm.com/api/?name=UL 2572 2018.pdf

MARCH 28, 2016 MASS NOTIFICATION SYSTEMS - UL 2572 29

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 Ventilation openings provided in the bottom of an enclosure under materials that are not rated V-1
or less flamnable meet the intent of the requiremenis when the openings are consirycted so that
materials do phot fall directly from the interior of the unit. Other bottom-opening constructions that comply
with the intept of the requirements are those that incorporate a perforated metal plate as| described in
Table 7.6, of a galvanized or stainless-steel screen having a 14 by 14 mesh(per’ 1 ingh (25.4 mm)
constructed g¢f wire with a minimum diameter of 1/64 inch (0.4 mm). Other constructions ate to be used
only when they comply with the Ignition Test Through Bottom-Panel Openings, Section 63.

Table 7.6
Perforated metal plates

Minimnum thickness, Maximum diameter of holés, Minimum spacing of hadles center-to-
center,

inch (mm) inch (mm) inch (mm)

0.026 (0.66) 0.045 (1.14) 0.67 (1.70)
[233 holes per [36 |holes per cm?]

inch?]

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 jholes 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 bottom of the enclogure under areas containing only materials rated V-1 or less flgmmable shall
have openings no larger than ;1716 inch® (40 mm?).



https://ulnorm.com/api/?name=UL 2572 2018.pdf

30

MASS NOTIFICATION SYSTEMS - UL 2572

MARCH 28, 2016

8 Internal M

aterials

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 comb

ustible 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 ot
flame test ag
live parts) a
following req(
barrier of V-1
energy-high

a) G
othe

b) T
plast
Mate
requ

Exception Ng
power sourcd

9 Accessibi

9.1 To redu
film-coated w
dimension le
illustrated in

er electrical elements are exempt from the above requirement when they co
plicable to the component. Meter faces and cases (when determined capable
nd indicator lamps or jewels, or both, are exempt from flammability,¥equi
lirements apply to parts that are isolated either by at least 0.5 inch (12:56 mm) of
or less-flammable material from uninsulated electrical parts that involve a risk 1}
burrent levels:

pars, cams, belts, bearings, strain-relief bushings appliedover PVC-jacketed ¢
small parts that contribute negligible fuel to a fire are ,nébrequired to be inves

Ubing for air or fluid systems, and plastics, shall not be more flammable than K
cs classed HBF in accordance with the Standard.for Tests for Flammability of|
yials for Parts in Devices and Appliances, UL*94, are determined as complying
fement.

. 2: Combustible material used within.an enclosure is not prohibited from being|
s to the enclosure meet the criteriafor no risk of fire as defined in 5.75.

ity of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

te the risk of unintentienal contact and electric shock from an uninsulateq
ire, and injury to persons from a moving part, an opening in an enclosure shall
5s than 1 inch (25:4° mm), and such a part or wire shall not be contacted
Figure 9.1.

mply with the
for mounting
ements. The
air, or a solid
rom electrical

ords, and
tigated, and

IB. Foamed
Plastic
with this

HB when the

live part or

have a minor
by the probe
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Figure 9.1
Articulate probe with web stop
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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 enclosure that is to be opened or removed by the operator without using a tool (to attach an

accessory, to
10 Mechanis
10.1 All part
such motion

shock, and/o

10.2 A switd
similar comp

Exception Ng

a) T

opergted. A toggle switch is determined to be subject to forces that tend to turn the

durin

b) T

c) The spacings are not reduced-below the minimum required values when the swj

and

d) T
by pé
Exception N|

lampholder o
which the lan

make an operafing adjustment, or for other reasons) shall be opened or remq
tal Assembly

5 of a product shall be mounted in position and prevented from loosening or
may adversely affect the performance of the product, or may incfease the risk g

injury to persons incident to the operation of the product.

h, fuse holder, lampholder, attachment-plug receptacle,)motor-attachment g
bnent shall be mounted securely and shall not turn.

. 1: When the turning of a switch is possible, allfour of the following conditions
ne switch shall be of a plunger, slide, or othéer type that does not tend to rotate
g intended operation of the switch;

e means for mounting the switch makes it unlikely that operation of the switc

pe intended operation of the switch is by mechanical means rather than by dir
rsons.

. 2: Wheén>rotation does not reduce spacings below the minimum requ
f the type in which the lamp cannot be replaced, such as a neon pilot or ing
hp is Sealed in a nonremovable jewel, complies with the intent of the requirem

ved.

turning when
f fire, electric

lug, or other
shall be met:
when

switch

h loosens it;

tch rotates;

bct contact

red value, a
icator light in
ent.

10.3 Friction

betweensurfaces stattnmotbeused for securing thepositionm of the partsspe

cified in 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

Exception:

rotating part in place.

determined to be equivalent, can be used to hold a rotating part in place.

A keyed part, a press fit, a part locked in place with a pin, or means that have been
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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,
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 Eqiipment Evaluafions, UL 746C. The durability shall be represeniaiive of a_mjnimum of 30
years of servjce at the maximum rated prevailing ambient installation temperature.

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

a) Energize an accessible dead metal part,
b) Make a live part accessible,
¢) Rgduce spacings below the minimum required values,
d) Short-circuit live parts,
e) Make a limited-accessible control accessible; or
f) Affect the normal operation of the product.
10.8 Whethdr the conditions specified in 40.7 (a) — (f) can occur is 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 devicg is to be
installed.

10.9 Parts sg¢cured using*adhesive are to be installed in or on the product before leaving the factory.
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11 Protection Against Corrosion

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

Exception No. 1: Surfaces of sheet-steel and cast-iron parts within an enclosure are not required to be
protected against corrosion 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 are 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 o be protected against corrosion.

12 Branch-Circuit Connection
12.1 Generadl

12.1.1 Contrpl units and accessories shall be provided with a means fof\permanent connjection to the
branch-circuif supply.

Exception: Video display terminals, other operator interface products, and printers installed within a
supervising gtation that may be repositioned for normal use ordmaintenance.

12.2 Permanently connected
12.2.1 Genefal

12.2.1.1 A pfoduct intended for permanent connection to the branch-circuit supply shall have provision for
installing the [supply conductors in rigid metallic conduit.

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

12.2.1.2 A kipockout or other supply-connection opening located where temperatures in exgess of 140°F
(60°C) have|been measlred during the Component Temperature Test, Section 54, anfd not having
qualifying marking as specified in 81.1.13, shall be sealed by welding or the equivalent or bg permanently
marked adjadent to.the opening with: “Do Not Use”.
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12.2.2 Field-wiring compartment

12.2.2.1 The location of a terminal box or compartment, in which branch-circuit connections to a
permanently-wired product are to be made, shall be such that the connections can be readily inspected
without disturbing the wiring or the product after the product has been installed as intended.

12.2.2.2 A terminal compartment intended for connection of a supply raceway shall be attached to the
product so that it does not turn.

12.2.2.3 The field-wiring compartment area of a product shall be of sufficient size for completing all wiring
connections as specified by the installation wiring diagram.

12.2.2.4 Wh
in the wiring
or the followi
Route Field

re damage 1o field-wiring insulation may be caused by infernal components-Of
ompartment, insulating or metal barriers having smooth, rounded edges isha
g or equivalent wording marked in the wiring area: “CAUTION — WhemMakin
iring Away From Sharp Projections, Corners, and Internal Components”.

sharp edges
| be provided
g Installation,

12.2.25 Th
protected so
sharp edges
into contact

be located or
inals or other
do not come

wiring terminals of a product intended for mounting in an outlet’box shall
hat, upon installation, the wiring in the outlet box is not forcedhagainst the term
0 as to damage the conductor insulation, and/or the terminals’or stripped leads
ith the walls of the outlet box.

12.2.3 Field-wiring terminals and leads

12.2.3.1 A pgermanently connected product shall be provided with wiring terminals or
connection of conductors having an ampacity not less than 125 percent of the current input
when connedted 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
more, providéd with strain relief, shall not be emaller than 18 AWG (0.82 mm?), and the ins
of rubber or thermoplastic, shall not be less than 0.030 inch (0.76 mm) minimum average a
(0.69 mm) m|nimum at any point when.the lead is intended for field connection to an exterr

Exception:
lead results i

The lead shall be less.than 6 inches (150 mm) long when it is evident that the u
h a risk of fire orelectric shock

12.2.3.3 Afi
friction betwgen surfaces. This shall be accomplished by two screws or rivets, by square
mortises, by & dowel(pin, lug or offset, by a connecting strap or clip fitted into an adjacent pa
other method deterimined to be the equivalent.

eads for the
bf the product

(150 mm) or
ulation, when
nd 0.027 inch
al circuit.

e of a longer

bld-wiring tefminal shall be kept from turning or shifting in position by means other than

shoulders or
t, or by some

12.2.3.4 A fiefd=-wirimg—termimat—statt—compty with—theTequirerments—im 32 for fietd-wi

ng terminals

(general application) except a wire-binding screw shall not have a diameter smaller than No. 8 (4.2 mm).
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12.2.4 I|dentified terminals and leads

12.2.4.1 A permanently-connected product rated 125 or 125/250 V (3-wire) or less, and using a
lampholder of the Edison screw-shell type, or a single-pole switch or overcurrent protective device other
than an automatic control without a marked-off position, shall have one terminal or lead identified for the
connection of the grounded conductor of the supply circuit. This terminal or lead shall be electrically
connected to screw shells of lampholders and shall not be connected to switches or overcurrent protective
devices of the single-pole type other than automatic controls without a marked-off position.

12.2.4.2 A terminal intended for the connection of a grounded supply conductor shall be of or plated with
metal that is white in color and shall be distinguishable from the other terminals, or identification of that

terminal shall be shown in some other manner, such as on an attached wiring diagram.

12243 Ale
or gray color

12.2.5 Strain

12.2.5.1 A nj
mechanical g
leads provide
internal conn

12.2.5.2 Ead
during install
kg) without a
12.3 Cord-c

12.3.1 Cordqd

ad intended for the connection of a grounded power-supply conductor shallrbe
and shall be distinguishable from the other leads.

relief

eans of strain relief shall be provided for the field supply leads of a product t
tress from being transmitted to terminals and internal conneetions. Inward mo
d with a ring-type strain relief or means determined to ke the equivalent shal
bctions or components, or result in a reduction of electrical spacings.

h lead used for field connections or an internal lead subjected to movemen
htion and servicing shall be capable of withstanding for 1 minute a pull of 10
Ny evidence of damage or of transmitting the stress to internal connections.

bnnected product

and plugs

12.3.1.1 A pfoduct shall be provided withra length of 5 — 15 feet (1.5 — 4.5 m) flexible cord an

attachment p
12.2.

Exception Ng
25 feet (7.5 1

Exception Nd
such as dedi

ug when intended for conriection to a line voltage branch-circuit supply. See Ta

. 1: A length of flexible cord of Type S, or cord determined to be equivalent, A

n).

. 2: The lehgth of the power-supply cord on an appliance intended for a speci
Cated equipment intended to be mounted near a receptacle may be less.

inished white

prevent any
ement of the
not damage

t or handling
pounds (4.54

d a grounded
bles 12.1 and

hot exceeding

Bl installation,

Exception No—3Apotarized attactimert ptug, Tatter tharm a grourded attachmernt piug, whe
has no accessible dead-metal parts likely to be energized.

n the product

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

Product

Attachment plug

Connected to branch circuit with accessible dead metal
Connected to branch circuit with no accessible dead metal

Connected to branch circuit with no accessible dead metal and
no single-pole devices in primary circuits

Grounding or insulation scheme of DI
Grounding, polarization, or insulation scheme of DI

Non-grounding, grounding, polarization, or insulation scheme
of DI

Table 12.2
Power supply cords

Type of appliance

Type of cord

Table-model prpducts (for use on a table, desk, and the like)
that are not frequently moved

Products that afe intended for use on desks, counters, or
tables and are moved frequently

Hand-held proqucts
Floor-mounted products
Wall-mounted groducts

SV, SP-2, SP-3
SV, SP2
TS2/SVP

SJ, S
SVS\SP-2¢, SP-3¢, SJ, S

1) The cord is|no longer than 8 feet (2.4 m);

3) The produgt rating is not higher than 50 W; and

a A tinsel cord ghall be used when all of the following conditions are met:
2) The cord is|attached to the product directly or by means of a plug intended for that purpose;
4) The intendgd use of the appliance requires an extremely flexible @ord.

b Type SV and|similar cords shall be used when each conductor i.Jnade up of 36 AWG (0.01 mm?) strands.
¢ Type SV, SP, 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
shall have arf

12.3.1.3 The
type at least

be equivalen{ to those specified.in* Table 12.2.

flexible cord shall have a voltage rating not less than the rated voltage of the
ampacity that is not less than the current rating of the product.

flexible cord on a cord:tconnected unit shall be as indicated in Table 12.2 or
as serviceable for the particular application. Table 12.3 specifies cord types gletermined to

product, and

shall be of a
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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, SITOO

S SE, SO, SO0, ST, STO, STOO

12.3.1.4 Th
nameplate r

12.3.1.5 The|
When a prod
connections,

product is wited when shipped from the factory.

12.3.1.6 The|
physically se
accidental re

Exception:
physical sect

12.3.2 Strain
12.3.21 Ap

being transm
comply with

f the product
g

voltage rating of the attachment plug shall correspond to the rated voltage o
ict is intended for use on two or more different values of voltage by ield alterat
the attachment plug provided with the product shall be rated fofvthe voltage

f the product.
on of internal
for which the

flexible cord shall be attached permanently to the product. and means shall b
Cure the attachment plug or plug-in transformer to the power receptacle so
moval.

e provided to
bs to prevent

For monitors and other operator interface products, a detachable power-supply cord without

ring means is suitable.
relief
bwer-supply cord shall be provided-with strain-relief means to keep tension on the cord from

tted to terminals, splices, or witing within the product. The strain-relief means provided shall
he Strain-Relief Test, Section<72.

12.3.2.2 Mes
cord entry h
temperature

I
strain-relief aEachment, below/the minimum required values.

ns shall be provided so that the flexible cord cannot be pushed into the produ
e when such displacement results in damage to the cord or exposure of
igher than that{for which the cord is rated or can reduce spacings, such 4§

't through the
he cord to a
s to a metal

12.3.23 A

etal strain:-relief clamp or band (without auxiliary protection) has been detefmined to be

suitable with [Type .SJ;”S, SJT, ST or similar jacketed cords. A metal strain-relief clamp or band has been

determined t
mechanical

be.suitable with Type SV, SP-2, SPT-2, or SVT cords only when noncondu
rotection is provided over the cord.

cting auxiliary

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
with no evide

capable of withstanding for one minute, a pull of 35 pounds (15.9 kg) applied to the cord,
nce of stress on the interior connections.
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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
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 Vulganized fiber is not prohibited from being used when the bushing is not less-il
(1.2 mm) thigk and is formed and secured in place so that it will not be affected adyversely
of ordinary moisture.

han 3/64 inch
by conditions

12.3.3.5 A s¢parate soft-rubber, neoprene, or polyvinyl chloride bushing shall only be used on a supply

cord where the cord enters the frame of a motor or the enclosure of a capdgitor that is physi
to a motor wipen the bushing is:

a) N

b) Lq
to hal

12.3.36 Ab
is acceptablg
required. The
and other co

12.3.3.7 At 3
supply cord i
less than 1/1

12.3.3.8 An
requirement,
the space be

Dt less than 3/64 inch (1.2 mm) thick and

cated so that it will not be exposed to oil, grease, il vapor, or other substang
ve a deleterious effect on the compound used:

ishing of any of the materials specified, in~12.3.3.5 on a supply cord anywhere
when it is used in conjunction with-a'type of cord for which an insulating b
edges of the hole in which such a\bushing is used are required to be free fro
pditions that could damage the bushing.

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

nsulated metal(@rommet to be used in place of an insulating bushing meets thg
when the insulating material used is not thinner than 1/32 inch (0.8 mm) and ¢
ween the_gtommet and the metal in which the grommet is mounted.

cally attached

es that tend

in a product
ushing is not
m burrs, fins,

ally with, the
section is not

a)

-

b intent of the
bmpletely fills
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13 Other Field-Wiring Connections
13.1 General

13.1.1 A product shall be provided with wiring terminals or leads for the connection of conductors 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 o be connecied to Initiaiing-device circuits, notificaiion appliancé circuits, or
non-addressgble signaling line circuits of a control unit; one for each incoming and one foF-gach 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 gvent the wire
becomes dislodged from under the terminal. A notched clamping plate undera single sefuring screw,
where separgate conductors are intended to be inserted in each notch,«is_an equivalent prrangement.

When duplicd
wire around
diagram/instr

13.2 Field-wiiring compartment

13.2.1 There
standard con

13.2.2 The f
sufficient sizg

13.2.3 Wher
sharp edges
be provided
"CAUTION —
Internal Com

13.2.4 The \
located or pr

te terminals or leads are not used and there is no provisignto prevent looping

ictions.

shall be adequate space within a terminabyor wiring compartment to permit
fuit bushing when a bushing is requiredfor installation.

eld-wiring compartment area of a_product to which connections are to be ma
for completing all wiring connections as specified by the installation wiring dig

b it is possible for damage-to’ field-wiring insulation to be caused by internal ¢
in the wiring compartment, insulating or metal barriers having smooth, rounde
pr the following (orwording determined to be the equivalent) marked in the
When Making Installation, Route Field Wiring Away From Sharp Projections,
bonents.”

iring terminals of a product intended for mounting in an outlet or junction type
ptected (so that, upon installation:

a) T

e wiring in the outlet box is not forced against the product, product’s terminal
edget‘wwmmg?ﬁmmmmmm i

an unbroken

br under one terminal, the information in 82.12 shall bé included in the installation wiring

the use of a
He is to be of
gram.

bmponents or
d edges shall

wiring area:
Corners And

box shall be

5, or sharp

nts, and/or

b) A product with exposed wiring terminals shall be held in its intended mounting location inside

the b

ox by mechanical means.
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13.3 Class 2 or 3 circuits

13.3.1 When the design of the product is such that the product either requires or permits Class 2 or 3
circuit conductors to occupy the same enclosure as electric light, power, Class 1, or non-Class 2 or 3
emergency communication signaling-circuit conductors, or medium-power network-powered broadband
communications-circuit conductors, both of the conditions in (a) and (b) shall be met:

a) The enclosure shall provide one or more cable openings into the enclosure. When a single
opening is provided, a continuous and firmly fixed nonconductor, such as flexible tubing, shall
be provided. This is required so that the Class 2 or 3 conductors are segregated from electric
light, power, Class 1 conductors, non-Class 2 or 3 emergency communication signaling
conductors, and medium-power network-powered broadband communications-circuit

cond
of all

b) T
prod

Com
are d
requi

13.4 Field-wiring terminals (general application)

13.4.1 A fie
requirements

a) 11

{

ictors. The installation document of the product shall completely defail cable ¢
conductors into the product.

e product shall be constructed so that, with all field-installed wiring, connected
ct, either:

1) A minimum 1/4 inch (6.4 mm) is provided between all-Class 2 or 3 cond
all electric light, power, Class 1 conductors, non-Class¢2“er 3 emergency
communication signaling conductors, or medium-poweén network-powered b
communications-circuit conductors, or

2) For circuit conductors operating at 150 velts or less to ground where the
3 conductors are installed using Types FPLFPLR, FPLP, or equivalent ca
minimum 1/4 inch (6.4 mm) separation.i§’provided between these Class 2
conductors extending beyond the jacket and all electric light, power, Class
conductors, non-Class 2 or 3 emergency communication signaling conduct
medium-power network-powered broadband communications-circuit condud

bliance with this requirement.shall be achieved by specific wire routing configu

red separation, barriers,\of nonconductive sleeving shall be used to provide se

d-wiring terminal to which field-wiring connections are made shall com
n:

4.2 <13.4.5;

b) TI
310;

ntry routing

to the

uctors and

roadband

Class 2 or
bles, a

br 3 cable

’

brs, and
tors.

rations that

etailed in the installation decument, or when a wire routing scheme will not maintain the

paration.

ply with the

oA . . o tor-EfeCtica-Cuickee =

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

nals, UL

d) The Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper
Conductors, UL 486E; or

e) The Standard for Terminal Blocks, UL 1059, rated for field-wiring (FW) Code 2 applications
and also suitable for the voltage, current, wire range, and wire type of the intended application.
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13.4.2 Nonferrous soldering lugs or solderless (pressure) wire connectors shall be used for 10 AWG (5.3
mm?) and larger wires. When the connectors or lugs are secured to a plate, the plate thickness shall not
be less than 0.050 inch (1.3 mm) thick. Securing screws of plated steel have been determined to meet
the requirements.

13.4.3 A wire-binding screw used at a wiring terminal shall not be smaller than No. 8 (4.2 mm) diameter.
Plated screws are not prohibited.

Exception: A No. 6 (3.5 mm) diameter screw is appropriate for use for the connection of a 14 AWG (2.1
mm?) and a No. 4 (2.8 mm) diameter screw is appropriate for use for the connection of a 19 AWG (0.65

mm?) or sma

ller conductor.

13.4.4 Termi

a) H
provi
wires
the w

b) B

(4.2 mm) diameter or larger screw, and not less than 0.030 inch (0.76 mm) thick w

with

13.4.5 When
a nonferrous
not required
plate. When
such as uptu

13.5 Field-wiiring terminals (qualified application)

13.5.1 Any @
the condition

a) Telephone-Type Terminals — Nonferrous terminal plates using a narrow, V-shap

Secu

b) S
spec

c) Q

hal plates tapped tor wire-binding screws shall:

He the two full threads) and shall have upturned lugs, clamps, or therequivaler
in position. Other constructions may be used if they provide equivalent threag
ire-binding screw; and

b of a nonferrous metal not less than 0.050 inch (1.3 mm).thick when used wit
h No. 6 (3.5 mm) diameter or smaller screw.

two or more conductors are intended to be connected by wrapping under the
intervening metal washer shall be used for eackh’additional conductor. A separg
Wwhen two conductors are separated and intended to be secured under a comn

the wires protrude above terminal barriers, the nonferrous separator shall in
ned tabs or sides, to retain the wire,

f the following terminal cenfigurations are suitable for connection of field wirin
5 in 13.5.2 are met:
ing of a conductor’in a special post design (requires a special tool for wire co

blderless YVrapped Terminals — Solderless, wrapped, nonferrous terminals whi
al tool. and terminal post design;

Licks€onnect Terminals — Nonferrous, quick-connect (push-type) terminals con

bve not less than two full threads in the metal (the terminal plate metal-may b¢ extruded to

t, to hold the
security of

h a No. 8
hen used

same screw,
tor washer is
non clamping
clude means,

g when all of

ed slot for

hnection);

Ch require a

sisting of

male

posts pernmanentty secured to the device and provided wittrcompatibte;, fermat

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;

d) Push-In Terminals — Nonferrous (screwless), push-in terminals of the type used on some
switches and receptacles. Solid conductors are pushed into slots containing spring-type
contacts. The leads are removable by means of a tool inserted to relieve the spring tension on
the conductor. Push-in terminals are not to be used with aluminum conductors. The marking
adjacent to the terminal shall indicate that copper conductors only are to be used; or

e) Other Terminals — Other terminal connections are not prohibited when determined to be
equivalent to (a) — (d) and are limited to the same restrictions.
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13.5.2 Any of the terminal configurations listed in 13.5.1 are appropriate for connection of field wiring
provided all of the following indicated conditions are met.

a) When a special tool is required for connection, it shall be provided and its use indicated on
the installation wiring diagram by name of the manufacturer and the model number or
equivalent.

b) The range of wire sizes shall be indicated on the installation wiring diagram. The minimum

perm

issible wire size to be used shall not be less than 26 AWG (0.13 mm?).

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

d) R
corre

e) A
conn
diagr

f) TH
66.

bmoval of a lead for testing or routine servicing, including detection, location;-
ction of installation wiring faults, is prohibited.

means for testing for an open and a ground fault on the circuit(s) to\which the
bcted shall be incorporated into the control unit or indicated on the-installation
am.

e terminal assembly shall comply with the Tests on Spe€ial Terminal Assembl

13.6 Field-wiiring leads

13.6.1 Gene
13.6.1.1 Ledq|

Exception:
that the use
shock, or inju

13.6.1.2 A m
wires which
product to pr
Inward move
equivalent sH
spacings.

13.6.1.3 Eac

[al
s provided for splice connections shall’be minimum 6 inches (153 mm) long.

[he free-lead length is not prohibited from being less than 6 inches long whe
f a longer lead results in damage to the lead insulation or product, or in a risk (
ry to persons.

eans of strain reliefshall be provided for the field wiring leads, and all interna
are subject to movement in conjunction with the installation, operation, or s
pvent any mechanical stress from being transmitted to terminals and internal
ment of the feads provided with a ring-type strain relief or means determin
all not damage internal connections or components, or result in a reductior

h.lead used for field connections or an internal lead subjected to movemen

ind

wiring is
wiring

jes, Section

n it is evident
bf fire, electric

[ly connected
ervicing of a
connections.
ed to be the
of electrical

t or handling

during installatiomand-servicing sthatt-be capabte of withstandingfor +—minute = putt-of 10
kg) without any evidence of damage or of transmitting the stress to internal connections.

ounds (4.54
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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 lead provided for field connection to a low-voltage, Class 2 or 3 circuit shall be no smaller than
22 AWG (0.32 mm?) and the insulation shall be a minimum of 1/64 inch (0.4 mm) thick.

Exception: Copper leads as small as 26 AWG (0.13 mm?) are permitted to be used only when:

a) The current does not exceed 1 ampere for lengths up to 2 feet (61 cm) or O:4“ampere for
lengths up to 10 feet (3.05 m);

b) There are two or more conductors and they are covered by a commion jacket off the
equijalent;

c) The assembled conductors comply with the strain-relief requirement specified in|the Strain-
Relidf Test, Section 72; and

d) The installation instructions indicate that the lead shallnot be spliced to a condyctor larger
than |18 AWG (0.82 mm@).

13.7 Cords and plugs

13.7.1 Cordd and cord connectors shall not be usedfor products not intended to be moved or relocated,
or where the|desirability of the product being readily detachable has not been demonstrateql.

13.7.2 Cordq and cord connectors shall be _rated for the current and voltage used.
14 Internal Wiring
14.1 Generdl

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

14.1.2 Interngl wiriig shall be routed and secured so that the wires and electrical connegtions are not
subjected to ptress 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 A lead 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 between parts of the enclosure.

14.1.8 Metal[clamps and guides used for roufing stafionary internal wiring shall be provided with smooth,
well-rounded|edges. Auxiliary nonconducting mechanical protection shall be provided:
a) Upder a clamp at which pressure is exerted on a conductor having thermadplastig insulation
less than 1/32 inch (0.8 mm) thick and no overall braid and
b) Op any wire(s) that is subject to motion.
14.1.9 Wireg shall be routed away from sharp edges (such as those found on screw threads, burrs, and

fins), moving

14.1.10 Insu
enclosure of

14.1.11 Sup
and is expos

14.1.12 Inter
be segregate
highest volta

14.1.13 Clan
segregation ¢

parts, and similar hazards, which tend to damage the<wire insulation.

ated wires bunched and passed through a :single opening in a metal w
he product are not prohibited when the othekkrequirements of this standard ar

blementary insulation shall be applied to‘internal wiring that involves a risk of
bd during user servicing.

nal wiring of circuits that operate at different potentials shall be separated by bz
je.

ping, routing, or equivalent means that ensures permanent separation ma
f insulated conductars.

all within the
e met.

blectric shock

rriers or shall

d, unless the conductors of the tircuits of lower voltage are provided with insdilation for the

y accomplish
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14.2 Splices and connections

14.2.1 All splices and connections shall be mechanically secure and shall be investigated and determined
to provide intended electrical continuity. A soldered connection shall be made 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
made of facf
characteristic
requirement.

14.2.4 When
strands of wi
by use of prg
together, or ¢

14.3 Conne(

14.3.1 A rec
which it is to

of fape or fubing complies with the aforementioned requirements, a compa
ors such as mechanical strength, dielectric properties, and heat- and mois
5. Thermoplastic tape wrapped over sharp edges does not comply withothe

stranded internal wiring is connected to a wire-binding screw, there shall
re that contact other uninsulated live parts or dead-metal patis, This shall be
ssure-terminal connectors, soldering lugs, crimped eyelets, ‘soldering all stran
ther means that have been determined to be equivalent!

ftors and receptacles

bptacle or connector of the multiple-pin type shall be suitable for the current g
be subjected.

15 Protectivie Devices

15.1 A fuse
position), the|

holder, overcurrent protective device (other than an automatic control without
center contact of a screwshell-base lampholder, an interlock, and a manual

ison is to be
ture-resistant
intent of this

not be loose
hccomplished
s of the wire

nd voltage to

a marked off
on-off switch

with a marked off position shall be_cenhected to the ungrounded side of the line when used in a

high-voltage

15.2 A fuse
be limited to

Circuit.

holder shall be ofzeither the cartridge-enclosed or plug-fuse type. The use of pl
equipment rated at'not more than 125 or 125/250 volts.

15.3 Fuse hglders, fusés, and circuit breakers shall be rated for the application.

ug fuses is to

current-limitirlg. or*overcurrent protection to prevent fault currents in excess of the current

15.4 All extg¢rnal “Circuits intended to be connected to non-Class 2 or 3 wire shall contain either
rating for the
cified in the

gauge wire Si
installation wiring diagram/instructions. The overcurrent protect

240 in ANSI/NFPA 70. See 50.3.3.

ion provided shall be as specified in Article
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16 Current-Carrying Parts

16.1 Except 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. Blued steel or steel with an equivalent corrosion resistance meets the intent for the
current-carrying arms of mechanically or magnetically-operated leaf switches, and within a motor and
motor governor including the motor terminals, or when the temperature is in excess of 100°C (212°F)
during the intended operation.

16.3 Bearinjs, hinges, and the Tike shall nof be used as curreni-carrying paris.

17 Spacing

17.1 A prody
dead-metal p
than those in

Exception:

Standard for
spacings (oth
wiring termin

ct shall provide maintained spacings between uninsulated live parts'and the
arts, and between uninsulated live parts of opposite polarity. The| spacings shé
ficated in Table 17.1.

Dn printed-wiring boards having a flammability classification of V-0 in accord
Tests for Flammability of Plastic Materials for Pars{in Devices and Applia
er than spacings to dead metal traces, between pfimary and secondary circuit
als) are not specified between traces of different’ potential connected in the

enclosure or
1l not be less

hnce with the
hces, UL 94,
5, and at field
same circuit

when:

a) The spacings are adequate to comply with\the requirements in 65.8, Evaluation|of reduced
spacings on printed-wiring boards; or
b) Ah analysis of the circuit indicates that no more than 12.5 mA of current is available
betwgen 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 encjosure:
Cast metal enclosures 0 - 300 1/4 (6.4) 1/4 (6.4)
Sheet metal erctosares Poweror mon-power fimitet0— 50 174 (672) 74 (6.4)
Power limited 51 — 300 1/4 (6.4) 1/4 (6.4)
Non-power limited 51 — 150 1/2 (12.7) 1/2 (12.7)
Non-power limited 300 — 600 1/2 (12.7) 1/2 (12.7)
Installation wiring terminals:
With barriers 0-230 1/8 (3.2) 3/16 (4.8)
31 -150 1/8 (3.2) 1/4 (6.4)
151 — 300 1/4 (6.4) 3/8 (9.5)
Without barriers 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)

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Point of application Minimum spacings
Voltage range, Through air, Over surface,
volts inch (mm) inch (mm)
Rigidly clamped assemblies:?
Class 2, Power Limited 0-30 - - — -
Non Class 2, Power Limited 0-30 3/64 (1.2) 3/64 (1.2)
31 -150 1/16 (1.6) 1/16 (1.6)
151 — 300 3/32 (2.4) 3/32 (2.4)
300 - 600 3/8 (9.5) 1/2 (12.7)
Other parts 0-30 1/16 (1.6) 1/8 (3.2)
31-150 1/8 (3.2) 174 (6.4)
151 — 300 1/4 (6.4) 3/8 (9.5)
300 - 600 3/8 (9.5) 1/2 (12.7)
a8 Measurements are to be made with solid wire of adequate ampacity for the applied load conpe€ted to each terfninal. In no
case shall the ire be smaller than 18 AWG (0.82 mm?).
b Rigidly clamppd assemblies include such parts as contact springs on relays or cam switches, printed-wiring boards, and the
like.
17.2 The thrpugh-air and over-surface spacings at an individual gomponent part are to be determined on
the basis of fhe volt-amperes used and controlled by the individdal component. The spading from one
component t¢ another, however, and from any component t0.the enclosure or to other unirsulated dead
metal parts, $hall be determined on the basis of the maximiim voltage and total volt-ampere rating of all
components |n the enclosure.
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

unit. Such s
clearance res
dead metal o

17.4 The “Tq
enclosure of

17.5 An insy
similar mater|
mm) thick; ex

acings are determined on the.basis of the requirements for the component.
ulting from the assembly of‘d@.component into the complete device, including
I enclosures, shall be as-specified in Table 17.1.

-walls-of-enclosure”tspacings indicated in Table 17.1 are not to be applied to
B component part within an outer enclosure.

lating liner.ot\barrier of vulcanized fiber, varnished cloth, mica, phenolic co
al used whete spacings would otherwise be insufficient, shall be minimum 0.0
cept that.a liner or barrier that is minimum 0.013 inch (0.33 mm) thick meets th

used in conj
protected ag

;

nction. with a minimum of one-half of the through-air spacing required. The
inst arcing.

pf the control
The electrical
Clearances to

an individual

mposition, or
28 inch (0.71
e intent when
liner shall be

17.6 Insulating material having a thickness less than that specified in 17.5 meets the intent when it has

been determi

ned to have equivalent mechanical and electrical properties.

17.7 Film-coated wire is identified as a bare current-carrying part in determining compliance of a device
with the spacing requirements, but the coating is suitable as turn-to-turn insulation in coils.
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17.8 The spacings within snap switches, lampholders, and similar wiring devices supplied as part of a unit
are determined under other requirements for such devices and are not required to comply with the
requirements of Table 17.1.

18 Insulating Material
18.1 Uninsulated live parts involving risk of fire, electric shock, or electrical-energy/high-current levels
shall be mounted on porcelain, phenolic composition, or other material that has been determined

acceptable for the application.

18.2 Vulcanized fiber is not prohibited from being used for insulating bushings, washers, separators, and
barriers, but not as the sole support for uninsulated live parts when shrinkage, current leakage, or

warpage intrdduces a risk of fire, electric shock, or injury 0 persons. Thermoplasiic material
direct or inglirect support of uninsulated live parts involving a risk of fire, electr

electrical-end
— Use in Eleq

18.3 Molded
service.

18.4 An insuy
be held in pla
be dependeg
requirement

rgy/high-current shall comply with the requirements in the Standard forRolym
trical Equipment Evaluations, UL 746C.

parts shall have the mechanical strength and rigidity to withstand the stres

lating liner shall be investigated and determined to be rated for the purpose.
ce by a means more secure than friction between sutfaces. The elasticity of tu

upon to hold the tubing in place. Heat-shrink tdbing has been determined
vhere a sharp edge or point is not involved.

19 Printed-Wiring Boards

19.1 Printed
shall be ma
requirements
during install

electric shock.

wiring boards shall be suitable for the-application. The securing of component

for Spacings, Section 17. The board shall be reliably mounted so that deflectio
btion or servicing shall not result in damage to the board or in developing a

19.2 All prinfed-wiring boards shall have a minimum flammability rating of V-2, rated for dir

current-carryi

hg parts, and besuitable for the soldering process used.

5 used for the
¢ shock, or
eric Materials

ses of actual

Barriers shall
bing shall not
to meet this

to the board

de in the intended manner and_the spacings between circuits shall comply with the

n of the board
risk of fire or

bct support of
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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 the intent of this requirement.

b) Where the end-of-line device is intended to be installed inside a back box, splice leads, or
terminals suitable for making field connections, shall be provided. Splice leads shall have a
diampier of notTess than T8 AWG (0.82 mm<). The exposed live paris of the asserhbly, except
for the connection portion of the terminal, shall be covered with insulating tubing, or{the
equivalent.

c) Where the end-of-line device is intended to be installed inside a product:

1) Splice leads or terminals suitable for making field conhegctions shall be provided.
Splice leads shall have a diameter not less than 18 AWG-The exposed livg parts of the
assembly, except for the connection portion of the terminal, shall be covergd with
insulating tubing or the equivalent or

2) It shall be provided with terminations compatible with the product’s proyisions for
field wiring connections. When installed pétithe manufacturer’s installation instructions,
it shall be securely fastened with no means to open circuit, short to an adjgcent circuit
node, or cause a risk of electric shock.*"To avoid damage to the body of thg end-of-line
device during installation, the device shall be either supplied pre-formed or|forming
instructions shall be included in the installation instructions.

21 Voltage-Dropping Resistors

21.1 A carbpn composition resistorshall not be used as a line voltage-dropping resistor in the
high-voltage supply circuit of a preduct.
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22 Coil Windings

22.1 Relays, transformers, and similar devices used in high-voltage circuits shall be evaluated and rated
for the intended purpose, or comply with the applicable requirements for the component (see Appendix

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

23.1 Switch

23.1.1 A swi
the circuit wh

23.2 Lamph

23.2.1 Lamp
is operated u

23.2.2 Excej
42.4 volts pe
shell will not

23.2.3 The ¢
sole means ¢

Exception: |
are identified|

23.3 Operating mechanisms

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

23.3.2 The 4

b4

S

ch provided as part of a product shall have a current and voltage rating not les
ich it controls when the device is operated under any condition of intended se

pblders and lamps

holders and lamps shall be rated for the circuit in which tliéy are employed whe
nder any condition of intended service.

t for circuits operating at 30 volts, root-mean-square (rms), 42.4 volts direct cu
bk, or less, a lampholder shall be installed so<that uninsulated live parts other
be exposed to contact by persons removingor replacing lamps.

plor coding of lamps or equivalent indicators employed as part of a product sh
f identifying the function of the indicator.

Llamps and indicators used by _sérvice personnel for diagnostic purposes, provi
in the product’s installationsinstructions/manual.

ting parts, such as light-duty relays and similar devices, shall be protected a
other material that may adversely affect their intended operation, by individua
binets. Arelay employing contacts having a wiping action does not requirg
pinst fouling by dust.

ssembly of an operating mechanism included as a part of a control unit or ag

s than that of
rvice.

n the product

rrent (DC) or
than a screw

all not be the

ded that they

gainst fouling

protection or
any special

cessory shall

be such that

twitt ot be—adversety affected by any comditiormof intended-operatior.

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

23.3.4 Provision shall be made to prevent adjusting screws and similar adjustable parts from loosening
under the conditions of actual use.
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23.3.5 Manually-operated parts shall withstand the stresses to which they will be subjected in operation.

23.3.6 An electromechanical device shall be constructed to provide reliable and positive electrical and
mechanical performance under all conditions of intended operation.

23.4 Across-the-line components
23.4.1 Components such as capacitors and EMI filters, connected across the high-voltage supply circuit
of a product, shall be rated for the purpose or comply with the applicable requirements for the component.

See Appendix A.

23.4.2 A component is considered to be across the high-voltage supply circuit when, in a shorted
condition, a durrent of more than T ampere passes through it when the product is in any cz[ydition where

the individugl components have reached ultimate operating temperatures. The current through the
component c@n be limited to 1 ampere or less by a fixed impedance or a protective deyice r
or less.

ed 1 ampere
23.4.3 A cagacitor 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 copnection
intenfled to be grounded or

b) For antenna blocking or high-voltage supply-line Bypass in equipment provided with one or
more| external antenna terminals that may be grounded.

24 Batterieg
24.1 Rechargeable storage-type used as a secondary power source

24.1.1 A stofage battery shall have sealed cells, or cells with spray trap vents, and shall Qe maintained
in the charged state.

24.1.2 Battefies shall be locatedtand mounted so that terminals of cells are prevented from coming into
contact with {ferminals of adjacent cells or with metal parts of the battery enclosure as a regult of shifting
of the batterigs.

24.1.3 The mnounting <arrangement for the batteries shall permit access to the cells fof testing and
maintenance| or the(product shall provide integral meters or readily accessible terminal fagilities for the
connection of meters for determining battery voltage and charging current.

24.1.4 A corditioning charge shatt—be fimited—so that, with—the Tmaximun rate of charge that can be
obtained, the battery gases do not adversely affect any part of the product. The trickle and fast charge
rates of a battery shall not exceed the battery manufacturer’'s recommended rates.

24.1.5 The battery shall be protected against excessive loading or charging current by a fuse or other
overcurrent protective device.
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24.2 Primary dry-cell batteries

24.2.1 When a battery or set of batteries is used as the main source or the non-rechargeable standby
source of power of a product, it shall meet the requirements of the Primary Batteries Tests, Section 71.

24.2.2 Batteries shall be located and mounted to reduce the risk of terminals of cells coming in contact
with uninsulated live parts, terminals or adjacent cells, or metal parts of the enclosure as a result of
shifting.

24.2.3 Ready access shall be available to the battery compartment to facilitate battery replacement,
without damage to the product components or disassembly of any part of the product, except for a cover

or similar parts.

24.2.4 Remd
the connecte

2425 Lead
signs), and s
adjacent to th

24.2.6 Conn
clip, or a fixe
contact, or a
consist of an

24.2.7 Each
the intended
(1/64 inch) in

24.3 Lithium batteries

24.3.1 Lithiu
1642.

24.3.2 A lithi
Standard for

Exception:
lithium batten
required to b

H wiring is not subjected to flexing or stress and the mounting of the product i

pr terminal connections to batteries shall be identified with the proper polarity (
train relief provided for any leads. The polarity shall be indi€éated on the
e battery terminals or leads.

bctions to battery terminals shall be either by a lead terminating in a positive sné
d butt-type connection which applies a minimum 6,6 (1.5 pounds) force to

unplated or plated metal that is resistant to the~gorrosive action of the electrol
lead of a clip lead assembly used as part.@f a battery operated product shall

hpplication, shall be minimum 26 AWG (0:21 mm?) stranded wire size with min
Sulation and provided with strain relief:

M batteries shall comply with the requirements in the Standard for Lithium

Lm battery shall be protected from abnormal charging currents during use as r
Lithium Batteries;"UL 1642.

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

val of the product from a mounting support to replace a battery shall be permittld only where

S supervised.
plus or minus

roduct either

\p-action type
each battery

nother connection means that has been determingd\to be equivalent. The comnection shall

yte.

be suited for

mum 0.4 mm

Batteries, UL

bquired in the

b in which the
source) is not
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25 Grounding for Products Containing High-Voltage Circuits

25.1 A product which involves high-voltage circuits shall have provision for the grounding of all exposed
dead metal parts that might become energized from circuits involving a risk of electric shock.

Exception: Metal parts as described in (a) — (d):

a) Adhesive-attached metal-foil markings, screws, handles, etc., which are located on the
outside of the enclosure and isolated from electrical components or wiring by grounded metal

parts

so that they are not liable to become energized.

b) Isolated metal parts, such as small assembly screws, etc., which are positively separated

from

c) P
sepa

d) P,
insul
that

25.2 On fixe
connection of

25.3 When 4
each such cd

25.4 All deaq
of becoming

the grounding means.

Exception:

25.5 The foll
indicated con

a) A

wiring and uninsulated live paris.

bnels and covers that do not enclose uninsulated live parts when wiringhis)pos
Fated from the panel or cover so that it is not liable to become energized.

hnels and covers which are insulated from electrical components)and wiring b
hting barrier of vulcanized fiber, varnished cloth, phenolic compesition, or simi
s a minimum of 0.8 mm (1/32 inch) thick.

d equipment, the provision of a knockout or other-opening in a metal encl
metal-clad cable, conduit, metal raceway, or the like\is permitted as a means f

product is provided with means for separate ¢onnection to more than one
nnection shall be provided with a means_for’grounding.

-metal parts that are accessible duringiintended use or user servicing, and thg
energized from circuits involving a_xisk of electric shock, shall be connected to
Vietal parts as described inthe Exception to 25.1.

owing circuits of emergency communication systems shall be bonded to groy
ditions:

ternating current circuits less than 50 volts:

1) Where supplied by transformers if the transformer supply system excee
to"ground.

tively

an
ar material

bsure for the

or grounding.

ower supply,

t are capable

gether and to

nd under the

s 150 volts

b) Al

2y Wheresupptied by transformersif thetransformer suppty systenTisung
3) Where installed as overhead conductors outside of buildings.

ternating current circuits of 50 volts and over:

ounded.

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

Exception: Class 2 or 3 direct-current emergency communication circuits having a maximum
current of 0.030 amperes.

25.6 All bonding to ground connections shall be by a positive means, such as by clamping, riveting,
brazing, welding, or by being a bolted or screwed connection. The bonding connection shall penetrate
nonconductive coatings such as paint. Bonding around a resilient mount shall not rely on the clamping
action of rubber or similar material.

25.7 A bolted or screwed connection that incorporates a star washer or serrations under the screw head
for penetrating nonconductive coatings is identified as complying with 25.6.

25.8 Where the bonding means depends upon screw threads, the use of two or more screws or two full
threads of a $ingle screw engaging metal is in compliance with 25.6.

25.9 A field-yiring terminal intended solely for connection of an equipment-grounding condpctor shall be
capable of sgcuring a conductor of the size specified in Table 25.1.

Table 251
Bonding wire conductor size
Rating of oyercurrent device, Size of bonding conductor?
amperes Copper wire, Aluminum wirp,

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)

a Or equivalent|cross-sectional area.

25.10 The sige 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 protedted. The size
of the condugtor shall He-in accordance with Table 25.1.

25.11 Splicep shalknot be used in wire conductors used for bonding.

25.12 A wire-binding screw or a pressure wire connecfor 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.
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Figure 25.1
International electrical symbol

25.13 The sprface of an insulated lead intended solely for the connection of an equipmént-grounding
conductor shall be green with or without one oZ’more yellow stripes, and no other lead shall be so

identified.

25.14 The gfounding conductor in a flexible cord shall be green with or without one or|
stripes. The grounding conductor shall be secured to the frame or enclosure of the product
a screw, rivgt, or similar equipment that is not removable during intended servicing not
Solder shall not be used alone for securing the grounding conductor. T
conductor shpll be connected to)the grounding terminal of an attachment plug.

supply cord.

25.15 When

a means forgrounding is provided on the product, even though it is not req

comply with the requirements in 25.1 — 25.14.

25.16 Metal-fo-thetal hinge-bearing members for doors or covers are considered to meet th¢ requirement
for bonding thexdoor or cover to ground. when a multiple bearing pin type (piano-type hingg) 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.

more yellow
by means of
involving the
he grounding

uired, it shall
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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
26.2.1 When the linear distance from a component requiring servicing or an operating switch and any

uninsulated durrent-carrying parts of high-voltage circuiis is Tess than 152 mm (6 inches),-ffjen protection
by properly applied insulating tape, barriers, or equivalent, shall be provided.

Exception: Products complying with the Electric Shock Current Test, Section 62;

26.2.2 Insulgting barriers, or equivalent required by 26.2.1 shall be permanently’and promiriently marked
with the cautfonary marking “CAUTION — High Voltage” or equivalent.

26.2.3 In liey of the minimum 152 mm (6 inch) requirement only for, sérviceable components, the product
shall comply with one of the following:

a) Anp interlock shall be provided on the cover to desenergize all live parts in the enclosure or

b) The following permanent and prominent marking shall be provided on the cover|front:
“CAUTION — De-Energize Unit Prior To Servicing.”

26.2.4 Uninsulated live parts or moving parts_involving a risk of injury shall be located| guarded, or
enclosed so ps to reduce the risk of contact(by persons during servicing conditions such @s relamping,
changing fuses, adjusting controls, and operating switches.

26.3 Antenna terminal discharge assembly
26.3.1 Each fterminal provided-for'the connection of an external antenna shall be conductivg¢ly connected
to the supply|circuit grounded conductor. The conductive connection shall have a maximum|resistance of
5.2 megohmg, a minimum‘wattage rating of 1/2 watt, and shall be effective with the power syitch in either
the on or off position.

Exception NQ. 1; The conductive connection need not be provided when:

a) Suctra conmection 15 establishied i theevert of efectrical breakdowr of the—armtenna
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
connection 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

27.1 When the operation and maintenance of a product by the user involves a risk of injury to persons,
protection shall be provided to reduce the risk.

27.2 When investigating a product with regard to 27.1, determination shall be given to foreseeable misuse

of the produ

27.3 An ac
product shall

27.4 The su
device is req
characteristic
breakdown o
event contrib
results in a ri

27.5 Arisk d

a) P

operation or maintenance and are capable-of causing a cut or laceration;

b) S

c) The stability of a product is<stich that it is capable of causing injury to persons (

Secti

d) There is a possibilitysthat a part of the body is endangered or that clothing is ca

being

]

ssory that is made available or recommended by the manufacturer for \use V
be included in the evaluation of the product.

tability of a guard, a safety release, an interlock and similar deyjces, and wh
uired, is to be determined from an investigation of the complete product,
s, and the risk of injury to persons. The investigation is to include evaluation of
malfunction of any one component, but not more than,oné component at a tim
Ites to another. When the investigation shows that breakdown or malfunction of
5k of injury to persons, the component shall be inyestigated for reliability.

f injury to persons is possible when one or maore of the following conditions ex

bwer-operated moving parts such as gears and linkages are accessible during

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

bn 30); and/or

entangled by @ fnoving part.

vith the basic

ether such a
its operating
the results of
e, unless one
a component
ist:

intended

ee Stability,

bable of
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28 Telescoping Antenna

28.1 A telescoping-type antenna terminating in an end that is capable of constituting a risk of puncture
shall be provided with a minimum 6-mm (0.231-inch) diameter button or ball on the end that complies with
the Antenna End-Piece Secureness Test, Section 73.

29 Sharp Edges

29.1 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: 4
29.2 For edg
is determineq
1439.

30 Stability

sharp edge that must be exposed to enable the product to perform Its inteng

es where the degree of sharpness cannot be determined by inspection, eomplig
by the test procedure in the Standard for Test for Sharpness of Edges’on E

30.1 Under all conditions of servicing and intended use, a fully assembled product shal

physically un

30.2 A produ
covers, gate
provided, are

Exception:
transport the

30.3 The req
as one that ig
the building.

30.4 In cond
casters and j
be locked or
lowered after
position for th

30.5 A frees

stable to the degree that creates a risk of injury to opetators or service person

ct shall not tip over when tilted 10 degrees fromnits intended, upright position, w
5, drawers, and similar parts are in place ahd closed, and all casters and
in their most unfavorable position.

For fixed or stationary equipment witheut casters where specialized handling
product, this test is to be performed-after the equipment is installed as intendg

uirements in 30.4 — 30.8 apply to all freestanding products. A freestanding prod
floor standing and not intended to be secured to other units or to the floor or

ucting the tests described in 30.5 — 30.7, the equipment shall be installed as
hcks, when provided, are to be placed in their most unfavorable positions, and
blocked. However, when casters are being used only to transport the product,
installation,~then the jacks (and not the casters) are to be used in their mos
e test, (consistent with reasonable leveling of the product.

anding product that has an external surface (work top or ledge) at a height 1

ed function.

nce with 29.1
nuipment, UL

not become
nel.

hile all doors,
jacks, when

s required to
pd.

uct is defined
pther parts of

intended. All
wheels are to
and jacks are
t unfavorable

ot exceeding

39-3/8 inches{t-00mjfromthe ffoorand-tatisprone to being stepped-omor satupor, stall not tip over
when a continuous downward force of 179.8 pounds-force (800 N) is applied to that surface at the point
of maximum moment. For this test, all doors, covers, gates, drawers, and similar parts shall be in place
and closed.
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30.6 With regard to the requirement in 30.5, delicate parts such as keyboards, control panels, or spools
are not determined as prone to being stepped on or sat upon.

30.7 A freestanding product more than 39-3/8 inches (1.00 m) high and weighing more than 55.1 pounds
(25.0 kg) shall not tip over when a force equal to 1/5 the weight of the unit but not more than 56.2
pounds-force (250 N) is applied in any direction, except upward, at a height not exceeding 78-3/4 inches
(2.00 m) from the floor. For this test, all doors, drawers, frames, and the like that can be opened for
operator or serviceman servicing are to be opened and in the most unfavorable position. Separate tasks
are to be performed when operator and service extensions are different or when special stabilizers are
used in accordance with 30.8.

30.8 A stabilizing means is not prohibited from being used to improve stability when doors, drawers, and
the like are opened. The stabilizing means shall be automatic in operafion or inferlocked whén associated
with user usq. For service personnel, where it is not automatic in operation, a conspicuous’marking shall
be provided fo caution the personnel on its use. See 81.1.24.

PERFORMANCE - GENERAL
31 Details
31.1 Tests gnd voltages

31.1.1 Except as otherwise indicated, the performance of a prgduct shall be investigated by subjecting a
production representative sample to the tests described in Sections 32 — 78.

31.1.2 Unless otherwise specified, the test voltage(s) forseach test of a product is to be ap indicated in
Table 31.1 af the rated frequency of the product.

Table 31.1
Test voltages

Product rated voltage, nameplate Test voltagf
60 cycle, 50/60 cycle 110 - 120 120
220 — 240 240
Rated frequency Other Maximum marked rating
DC Battery circuit Marked nominal batt¢ry voltage
50 cycle 110 - 120 120
220 220
240 240

31.1.3 When a product must be mounted in a definite position in order to function as intendgd, it shall be
tested in that position.

31.1.4 Where applicable all measurements are to be made with a calibrated true RMS meter or an
oscilloscope.
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31.2 Loading

31.2.1 A product shall operate as intended and without the risk of fire, electric shock, or injury to persons
with all external 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 by 31.1.2.

31.2.3 Units 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, or both, loaded
to the maximpm rated oufput capability Tor the unit specified by the manufacturer.

PERFORMANCE — OPERATION TESTS
32 Specificg

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

32.2 To detgermine compliance with 32.1, initiating devicés, "notification appliances, in'I:erconnected
equipment, and power-supply circuits are to be connectedto 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.

32.3 The items in (a) — (d) used for testing are.to-be those specified by the installation instrpctions of the
product. Subgtitute devices, unless otherwiseindicated, are not prohibited from being used where they
produce equiyalent circuit loading and actuation of the product.

a) Injtiating devices (local operator consoles, manual actuating stations, and similaf devices);
b) Nptification appliances™(bells, strobes, speakers, high power speaker arrays, and similar
applignces or parts);

¢) Inferconnected equipment (local operating console(s), interfaces, transport proddicts which
manipulate.the data package, other control units, annunciators, dedicated targeted [recipient
units| supplementary devices, ancillary devices, and the like); and

d) Visibfesignating, inctuding textuat disptays etc,,as applicabte:

32.4 During the tests in Sections 32 — 46, each power-supply circuit shall be supplied from a source of
rated frequency and voltage as specified in 31.1.2.
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32.5 To determine if a product complies with those requirements that specify the application of a circuit
fault, adverse condition, or malfunction of specified equipment/components, the investigation is to start
with the representative system combination in the normal supervisory condition. The fault condition is then
to be separately introduced, the results noted, the fault removed, and the system restored to the normal
supervisory condition before the next fault is introduced.

33 In-Building Mass Notification Systems — General

33.1 The product shall comply with the following:

a) Power Supplies, Section 39;

b) Li

c) C

ve Voice and FPre-Hecorded Voice Mliessage Communication, section 40;

bmmon Performance and Monitoring for Integrity, Section 41;

d) Tiouble Signals, Section 43;

h) C

bmponents — Monitoring for Integrity, Section 44;
ftware, Section 45;
terfaces, Section 38;

pbmbination Systems With Non-Emergency, Segurity, Building Controls, and Of

Equipment, Section 46; and

i) Se

33.2 The op
the type for v

33.3 The tim
follows:

a) A

curity and Data Protection, Section 42.

bration of any initiating input shall cause the system to produce a clearly defi
hich the input/output combination is designed.

e periods for processing.ahd activation of signals in a worst case loaded syste

itomatic processing and activation of
1) Mass-notification alarm notification appliances,

2)“Annunciation at required operator interfaces,

her Non-Fire

ned output of

m shall be as

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.
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b) Trouble and supervisory signals and their restoration to normal shall be annunciated,
including actuation of pre-programmed relays, open collector outputs, and the like, within 200
seconds of the occurrence of the adverse condition, fault, or the restoration to normal.

33.4 Mass 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) Emergency Communications Control Unit(s), both local and remote, where provided.

33.5 Mass notification alarm signals, supervisory signals, trouble signals, and other signals shall result in

distinctly diffe

33.6 Audible]
of producing
in the Nation
zone basis.

Exception:

synchronizat
an evacuatio
detailed in th

33.7 The standard alarm evacuation signal described in 33.6"shall be repeated for a period

3 minutes.
Exception:

33.8 During

notification appliances of a fire alarm, but befdre the mass notification relinquishes control, a

visible signal
there is an a

33.9 The m4

signals and t¢ normal standlyy where no fire alarm is active upon relinquish of control of the 3

visible notific

33.10 Where
appliance cir
sheets which

rent annunciation.

mass notification alarm notification circuits intended for evacuation shafl ‘have
the standard alarm evacuation signal consisting of the three-pulse tempdral pg
al Fire Alarm and Signaling Code, NFPA 72 and shall be synchrohized on g

When a system is intended to provide signaling to more than one notif
on of the audible emergency evacuation signal pattern,on_a notification circuit f
N zone basis is acceptable. Specifics covering the-installation constraints sh
e installation wiring diagram/instructions for the canhtrol unit.

[he minimum repetition period is permiited to be manually interrupted.

~

g

the period the mass notification system has seized control of audible

shall be actuated by the«netification appliances at least once every thirty sec
ttive signal present, to be recognized by the usual building occupants.

ss notification system shall have the capability to automatically revert to act
htion appliantes of a fire alarm.

visiblé_alarm notification strobe appliances are connected to an ECS/MN
Cuit tRey shall provide synchronization in accordance with the manufacturer

the capability
ttern detailed
n evacuation

jcation zone,
asis in lieu of
all be clearly

not less than

nd/or visible

n audible and
onds, unless

ve fire alarm
udible and/or

S notification
s installation

comply with the parameters specified in the Standard for Signaling Devices fqg

r the Hearing

Impaired, UL

1671

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.
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33.12 Unacknowledged alarm signals shall not be interrupted if a fault on an initiating device circuit or a

signaling line

Exception:

circuit occurs while there is an alarm condition on that circuit.

33.13 An occupant notification alarm signal that has been deactivated shall

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

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

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

33.14 Wherdg
notification a
as defined in

33.15 In-Buil
signals and t

33.16 Systern
integrity requ
other applica

33.17 Produ
40.2.8.

34 In-Buildi

34.1 AllLOG
annunciation

34.2 When n
be applied in

34.3 When

non-emergemcy purposes, -they shall maintain messaging priorities specified in 35.6

respectively.

34.4 When
non-emergen

the system employs notification appliance circuits for connection to non-sf
bpliances, the system shall have the capability to provide at least one regulate
53.2.

bne signaling.

rements in 40.4, Common Performance and Monitoring for Integrity, Section 41

ble requirements of this standard.

bts utilizing a low — frequency component sigral shall meet the requirements

hg Mass Notification Systems — LOE,"ACU, and ECCU

signal shall be audible and visible at each local operator interface.

Hependently to eachecircuit.

the LOC(s), ACU(s) and ECCU(s) are also used for supplementary

the 'EOC(s), ACU(s) and ECCU(s) are also used for supplementary
Cy ‘purposes, a limited access means shall be provided to control the mag

eaker based
d NAC circuit

ding mass notification systems shall be capable of providing both)live and prergcorded voice

hs or equipment arranged to stop or reduce ambient noise shall comply with monitoring for

, and with the

of 40.2.7 and

, ACU, and ECCUs shall complywith the requirements in 41.1.1.1. Any requiredl local trouble

nultiple circuits for LOCs;. ACUs, and ECCUs are employed, the faults described in 34.1 shall

or ancillary
and 36.3.4

or ancillary
s notification

system durin

ga mass notification atarmT or emergency Signating condition as specifiedim40.1.7.

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.
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34.6 LOCs, ACUs, and ECCUs shall have the capability to transfer control by one of the following means:

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

including the LOC or inputs from wide-area mass notification systems.
34.8 The EJS/MNS sysiem shall be capable of supporiing a hierarchical conirol of the following layers,
if they apply:
a) AtU,
b) LOC,
c) ECCU,
d) Wide-Area.
34.9 Annundgation of the system status at an ACU, LOC, ofECCU shall be consistent with the level of

control of the

34.10 The vi
all initiating Z
status chang

a) The display shall indicate the initial status change for the highest priority type si

b) A
notifi
durin

c) T
oper

d) The display controls shall not interfere with the normal operation of the unit, ang

system from that device.
ual annunciation for required ACUs or EECUs shall be capable of simultaneou

ones under the control of the ACU or'ECCU having a status change. Wherg
bs are not displayed simultaneously,~all the following conditions apply:

cation supervisory) of active non-displayed status changes shall be continuous
j any off-normal eendition.

tion(s).

e)

of priority:

1) Signals associated with life safety,

2) Signals associated with property safety,

sly displaying

all zones or

gnal.
n indication for each type_(such as mass notification alarm, mass notification tfouble, mass

ly visible

e non-displayed status changes shall be capable of being displayed only by manual

hrerrconcurrent signats—are received; they stattbeimdicatedas fottowsimdescending order

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

4) All other signals.
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34.11 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-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 Superyisory signals shall be distinctive in sound from other signals used by the)signaling system
and this soupd shall not be used for any other purpose other than to also indicaté a system trouble
condition. When the same sound is used for both supervisory and trouble signals, distingtion between
signals shall be indicated by a visible means and silencing of a trouble signal shall not prevent subsequent
sounding of gupervisory signals.

34.14 A megns for silencing a supervisory signal sounding appliance_shall comply with all|the following
requirements

a) Limiting access by being either:

1) Key operated switch with the key removable only in the normal 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 eduivalent protection against unauthorized use.
b) The supervisory condition is indicated and maintained by a lamp or other visual [indicator.

c) Slibsequent sup€rvisory signals in other zones will reenergize the supervisory signal
notification appliafnce(s), and

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

34.15 A supervisory sigmatthat as been deactivated sttt

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.
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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:

a) An intelligent communication interface between the fire alarm suppression system and the
ECS/MNS o mufe the ECS/MNS speaker zone when special suppression notificaiipn
applignces are active in the suppression area.

b) Uge a contact interface to mute the ECS/MNS speaker zone to allow the Special
suppfession notification appliances to take priority, or

c) 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 EC3/MNS signal of a unit/system shall be capable of being maintained continuousgly (locked in)
by the unit/system until a resetting device in the unit/system iscOperated manually.

35.4 Live voice signals shall override previously initiated signals to the selected zone(s).

35.5 Live volce signals shall have priority and shall suppress subsequent automatically initiated signals
to the selectgd zone(s).

35.6 The ECS/MNS unit in control shall he capable of establishing and maintaining fthe following
messaging pfiorities:

a) Live voice, initiated ECS/MNS;

b) Injtiated live text torspeech;

c) Injtiated automatic response for ECS/MNS; and

d) Npn-emetgency signals, ancillary signals, or supplementary signals.
35.7 The ECCU'shall be capable of overriding ACU signals only when the ECCU has capabjlity to display
the ACU sighmating status wiictinctudes mitiating—zones, notification zones, andatt—active displayed

events. The ACU shall be permitted to regain control from the ECCU upon subsequent, higher priority
local ECS/MNS events.
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36 Wide Area ECS/MNS Systems
36.1 General
36.1.1 The product shall comply with the following:
a) Power Supplies, Section 39;
b) Live Voice and Pre-Recorded Voice Message Communication, Section 40;

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

d) Tfouble Signals, Section 43;

e) Cpmponents — Monitoring for Integrity, Section 44;
f) Sdftware, Section 45;

g) Interfaces, Section 38;

h) Cpmbination Systems With Non-Emergency, Security, Building Controls, and Other Non-Fire
Equipment, Section 46; and

i) Security and Data Protection, Section 42.
36.1.2 The gperation of any initiating input shall cause.thie system to produce a clearly defjned signal of
the type for which the combination (initiating devices, Tbotification appliances, control units, local operator

consoles, trapsport equipment, etc.) is designed.

36.1.3 The time periods for processing and, agctivation of signals in a worst case loaded sygtem shall be
as follows:

a) Aptomatic processing and.activation of:

1) Mass notifieation alarm notification appliances,

2) Annuntiation at required operator interfaces,

3) PRrerprogrammed 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 annunciated,
including actuation of pre-programmed relays, open collector outputs, and the like, within 200
seconds of the occurrence of the adverse condition, fault, or the restoration to normal.
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36.1.4 Mass notification alarm, supervisory, and trouble signals shall be indicated at
locations:

the following

a) Required emergency voice/alarm communications local operator console and ACU locations

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

b) Emergency Communications Control Unit(s), both local and remote, where provi

ded.

36.1.5 Mass notification alarm signals, supervisory signals, trouble signals, and other signals shall result

in distinctly different annunciation.

36.1.6 Wide area mass notification systems shall be capable of providing both live voice and prerecorded

voice signals[and fone signaling.

36.1.7 The gmergency communications control unit shall have the capability to moniterinpu
output devicgs/appliances automatically, manually, and automatically with operatoroveérride.
of system stdtus shall be consistent with the level of control.

36.1.8 The |wide-area mass notification system shall have independent primary an
communicatigns ports.

36.1.9 A latghing supervisory condition shall be annunciated at jnrtérconnected LOCs, ACU
as applicable} whenever the door of the enclosure of an HPSAg&ystem component is in the ¢

36.1.10 A lafching trouble condition shall be annunciated ‘at-interconnected LOCs, ACUs, ¢
applicable, whenever the HPSA has detected any internal fault conditions.

36.1.11 A n¢n-latching monitor/other signal shall-be annunciated at interconnected LO(
ECCUs, as applicable, whenever the HPSA is active.

36.1.12 A suypervisory signal that has been_deactivated shall:

a) Aptomatically reactivate the)audible and visible supervisory signal at the locatior
in 334 every 24 hours orless until supervisory signal conditions are restored to no

b) The audible andVisible supervisory signal shall operate until it is manually silen
acknpwledged.

s and control
Annunciation

d redundant

s, or ECCUs

pen position.

r ECCUs, as

Us, ACUs, or

s specified
rmal, and

ced or

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

notification applian€es of a fire alarm, but before the mass notification relinquishes control, a

n audible and
onds, unless

visible signallshall’'be actuated by the notification appliances at least once every thirty seq
there is an acti i i ftd

36.1.14 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.
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36.1.15 Products utilizing a low — frequency component signal shall meet the requirements of 40.2.7 and
40.2.8.

36.1.16 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:

36.1.17 An alarm signal that has been deactivated shall:

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

a) Automatically reactivate the audible and visible supervisory signal at the locations specified
in 36.1.4 every 24 hours or less until supervisory signal conditions are restored to normal, and

b) TI|1e audible and visible supervisory signal shall operate until it is manually silen

ackn
36.2 High P
36.2.1 Powe
36.2.1.1 Ger
36.2.1.1.1 H

36.2.1.1.2 P
of the Stands

36.2.1.1.3 In
shall comply
Interconnecti
controllers sh

36.2.1.2 Red

36.2.1.2.1 The batteries shall be-maintained in the charged state.

36.2.1.2.2 The product’s documentation shall specify the battery types, maximum capacity g

sizes permitts

36.2.1.2.3 A

bwledged.

bwer Speaker Array (HPSA)
I Supply

eral

PSAs are permitted to be powered from energy sgurees other than commercig

hotovoltaic modules and panels used in HPSA\products shall comply with the
rd for Flat-Plate Photovoltaic Modules and ®anels, UL 1703.

verters and converters used in conjunetion with photovoltaic panels used in H
with the requirements of the_Standard for Inverters, Converters, Co
bn System Equipment for Use“With Distributed Energy Resources, UL 1}
all comply with the requirements of Sections 70 — 79 of UL 1741.

hargeable batteries used_as power source

bd to be uSed with the HPSA.

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

ced or

| power.

requirements

PSA products
htrollers and
r41. Charger

nd maximum

36.2.1.2.4 Batteries stattbetocatedandmournted so that termimatsof tetts—are prevernted

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
connection of meters for determining battery voltage and charging current.
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36.2.1.2.6 A conditioning charge shall be limited so that, with the maximum rate of charge that can be
obtained, the battery gases do not adversely affect any part of the product. The trickle and fast charge
rates of a battery 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 by an over-current
protective device(s).

36.2.2 Enclosures
36.2.2.1 General

36.2.2.1.1 Enclosures shall meet the Type 4 or 4X requirements in the Standard for Enclosures for
Electrical Egfiipment, Non-Environmental Considerafions, UL 50, and the Standard for Tclosures for

Electrical Equipment, Environmental Considerations, UL 50E, to provide a degreenof|protection to
personnel agpinst incidental contact with the enclosed equipment; provide a degreeof.protection against
falling dirt, rajin, sleet, snow, windblown dust, splashing water, and hose-directedrwater; and that will be
undamaged by the external formation of ice on the enclosure.

36.2.2.2 Bat{ery Compartment
36.2.2.2.1 Alcompartment for vented storage batteries shall have a total volume at least twi¢e the volume
occupied by the batteries. Ventilating openings shall be provided-and so located as to pernit circulation
of air for dispersion of gas while the battery is being charged af)the highest rate permitted by the means
incorporated jn the control unit and while the batteries are being charged at the highest ratgd permitted by
the charger. This requirement shall only apply to HPSAs permitting the use of wet-cell battgries.
36.2.2.2.2 The interior of a storage battery compartment shall be protected so that it will be resistant to
detrimental ation 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 A Igtching supervisory condition shall be provided to the LOC, ACU, or ECCU ps applicable
whenever thg door of the enclosure is in the open position.

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

a) Amplifier fault status,

b) Driver fault status,

c) AC Fail,
d) Fail or low DC battery,
e) Controller / Signal generator fault, or

f) Battery Charger fault.
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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 Communication paths to the HPSA shall be monitored for integrity as required by Section 40.

36.3 Priorities for Evacuation and Relocation Signals

36.3.1 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 pre-discharge notification
shall have the capability to override the ECS/MNS signaling as described in 35.2.

36.3.2 Live |

36.3.3 Live \
to the selecte

36.3.4 The mnass notification system shall be capable of establishingand maintaining

messaging p

a) Li

36.3.5 Remd
only where th
status of the
37 Distribut
37.1 Contro

37.1.1 This {

per the defingitions.in)5.21 — 5.26, with the following characteristics in (a) and (b). O

configuration

oice signals shall override previously initiated signals to the selected zone(s)-
oice signals shall have priority and shall suppress subsequent automatically in
d zone(s).

iorities:
Ve, voice, initiated ECS/MNS;

tiated live text to speech;

tiated automatic response for ECS/MNS; and
bn-emergency signals, ancillary signals; or supplementary signals.
te emergency communications_control units are permitted to override local fire
e emergency communications_control unit has the capability to display the appl
fire alarm signaling at the.local premises.
bd Recipient Mass Notification Systems (DRMNS)

Equipment

ection applies to the DRMNS-PREMISE-BASED and DRMNS-HYBRID-PREN

5 are not covered in this section.

a) PREM{SE-BASED:

tiated signals

the following

alarm signals
cable current

1ISE-BASED,
ther DRMNS

1) DRMNS installed on a localized premise,
2) DRMNS utilizes local notification delivery mechanisms,

3) User data for DRMNS is stored on premise.

b) DRMNS-HYBRID-PREMISE-BASED:

1) DRMNS installed on a localized premise,
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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 individual recipients shall meet the requirements of 37.1.

37.1.3 The product shall comply with the following:

a) Power Supplies, Section 39;

b) Tfouble Signals, Secfion 43, updated In accordance with 37.1.8;
c) Cpmponents — Monitoring for Integrity, Section 44;
d) Se¢ftware, Section 45;

e) Cpmbination Systems with Non-Emergency, Security, Building.€ontrols, and Other Non-Fire
Equipment, Section 46;

f) Cgmmon Performance and Monitoring for Integrity, Seetion 41; and
g) Security and Data Protection, Section 42.
37.1.4 The operation of any command to send emergeng¢y alerting messages to individual rgcipients shall
cause the system to produce a clearly defined message or signal at the targeted equipment|for which the

combination {s designed.

37.1.5 The gystem shall have the capacity ¢o process and send emergency alerting mejssages to all
targeted equipment in a worst case loaded_system within the manufacturer’s stated time linits.

37.1.6 The distributed recipient mass.notification system shall be capable of establishing, processing and
maintaining the following messaging-in descending order of priority:

a) Messages associated with emergency notifications;
b) Rgstore orall-clear notifications; and

¢) Non-emergency and ancillary messages.

37.1.7 Manuatty actuated-emergerncy atert messages shatttake precedence over autormatically generated
emergency alert messages.

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

signa

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;

¢) Meeting at a minimum Access Control Security Level 1; or

d) A

37.1.10 Coni
notification ¢

3) Wide area mass notification systems; and

4) O

37.1.11 The
automatic sw
of any signal

37.2 Premis|
37.2.1 A pre
a) H
supe
highe

mesy

b) H

ed Based DRMNS - General

ranged to provide equivalent protection against unautnorized use.

munication links between distributed recipient mass notification controlyequip

-building mass notification systems (local or remote);

mergency communications control unit(s) (local or remoté);

her interconnected distributed recipient massnatification control equipment.

DRMNS control equipment shall have thé.capability of providing a backup conf
tch over. The switch over shall be aceomplished in not more than 30 seconds

o

mised-based DRMNS shall:

hve the ability to prioritize messages so that the higher priority messages can
'sede and cover lower priority messages. When a lower priority message is re
r priority mgSsage shall still be the most visible and audible. When a higher p
age is received, the higher priority message shall become the most visible an

bve the ability to support simultaneous multiple user access.

ment and the

bntrol components (premise based or non-premise based) shall meet the requirements of
421 -42.23

iguration with
, without loss

always
ceived, the
iority

1 audible.

c) S

pport USer import by some mechanisnT for poputating contactinformation suct

and phone number.

d) Have the ability to remove or disable contacts.

1 as email

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.
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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.

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 rgquirements for modality Types 0 — 10 are confained in 37.4 — 37.12. Any time| performance
criteria are specific to the system’s capability to reach the point where the next communigation step is
performed.
37.4 Type 1| DRMNS Messages to E-mail
37.4.1 The QRMNS with the capability to send e-mail messages shall:

a) B¢ able to target users per 37.2.1(f).

b) Pfovide 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 — Confirmationof delivery to end user device or email client.

5) Level 4 — Ability te_receive responses from individuals and connect thosge responses
to the original alert.

c) The product shall'be”able to initiate delivery of messages within 10 seconds frorh receipt of
an eyent at the product triggering the delivery of the message.

d) B¢ configurable to use different From or Reply To addresses for E-mails.
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37.5 Type 2: DRMNS Messages to PC Pop-up
37.5.1 The DRMNS with the capability to send PC Pop-up messages shall:
a) Provide a means for installation and removal of PC Pop-up alert software.

b) Have the ability to provide messages on PCs without action taken by the recipient on startup
or initiation of alert.

c) Be able to target users per 37.2.1(f).
d) Be able to connect to the PC and deliver a PC Pop-up message which appears in an

intru§ivé manner over any existing windows, while visually showing multiple concurfent
mesdages, 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 ddlivered to the
reciplent.

1) Level 0 — No verification.

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

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

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) Level4 — Includes levels 0, 1, 2. Be able to receive a plain text responge from any
user.who received a PC Pop-up natification originating from the system.

Levels.2)'8, 4 should link replies / responses with the original alert within the systerln’s alert
loggiftgcapabifity:

f) Be able to provide a link for additional information and content.

g) Be able to use the look and feel of the desktop popup to designate different emergency
conditions and priorities. For example, by using different colors, fonts sizes, backgrounds,
images and audio tones for different emergency conditions and priorities.

h) Provide for an alert natification lifetime where PC Pop-ups will be delivered for new
computers becoming available within a specified time period; show notification on targeted
desktops when they become online as long as alert is life (within notification timeline).
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i) Have specified requirements for processor, memory and operating system for proper
functionality. These requirements shall be documented in the installation documentation.

i) Initiate delivery of alerts to desktop recipients within 10 seconds of initiation.

k) Provide the ability to see the current connection status of any computers capable of
receiving notices.

[) The capacity and throughput of PC desktop popup delivery will be clearly specified in the
installation documentation.

m) Have the ability to prioritize messages so that the higher priority messages can always

supefsede and cover lower priority messages. When a lower priority message is fefeived, the

highd

mesdage is received, the higher priority message shall become the most visible an

37.6 Type 3

37.6.1 The [

a) Be able to connect to the web server and deliver at a minimum a result that the

can (

b) P
the a

c) Piq

d) In
37.7 Type 4

37.7.1 The [

a) B¢ able to target users per 37.2.1(f).

b) Bg able to canhect to the Instant Message application and deliver an Instant Me
Notification cotitent levels:

r priority message shall still be the most visible and audible. When a higher'p

DRMNS Messages to a Web Server Delivering Content

RMNS with the capability to send messages to a web servetshall:

isplay as plain text message on the web page.

ovide a security connection to the web server for. the purposes of delivering th
ert.

ovide a means for displaying a time stamp on the messages provided on the
tiate the update the content of the Wweb server within 10 seconds of initiation ¢
DRMNS Messages to Instant Message Clients

RMNS with the capabilityto send instant messages shall:

1)SLevel 1 — Plain text instant message.

2y tevet2—Plaimtextinstant message withrresponse options———————————

iority

i audible.

web server

e content for

veb page.

f the event.

ssage.

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 a

question.


https://ulnorm.com/api/?name=UL 2572 2018.pdf

MARCH 28, 2016 MASS NOTIFICATION SYSTEMS - UL 2572 77

3) Level 2 — Report recipient acknowledgement with a plain 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.

Levels 1, 2, 3 should link replies / responses with the original alert within the system’s alert
logging capability.

d) Provide for an alert notification lifetime where an Instant Message will be delivered for users
becoming available within a specified time period.

e) Initiate communication to instant messages services within 10 seconds of initiation of the
evenf.

37.8 Type 5] DRMNS Messages to SMS Text (short message service)
37.8.1 The DRMNS with the capability to send messages in a SMS text format shall:
a) Bg able to target users per 37.2.1(f).

b) B¢ able to connect to SMS providers to send a plain text SMS Text for delivery [to the user
on their SMS device.

¢) Have the capability to verify that the message was.delivered to the recipient. Leyels 1, 2, 3
should link replies / responses with the original aléft-within the system’s alert loggirlg capability.

1) Level 0 — No verification.

2) Level 1 — Track recipient acknowledges receipt of message via responsg 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 entefing a PIN code to receive the message.

d) Bg¢ able to autdmatically break long message into multiple transmissions, while ¢learly
indicating partX.of Y parts.

njtiate ‘€0mmunication to SMS within 10 seconds of initiation of alert.

e)
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37.9 Type 7: DRMNS Messages to Phones

37.9.1 A DRMNS with the capability to send voice messages to phones shall meet the requirements of
37.9.2 - 37.9.9.

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 notification service.

37.9.3 The product documentation shall specify what phone systems are supported, in what
configurations, and how to setup the integration.

37.9.4 The p

roduct documentation shall specify supported capacity and throughput.

37.9.5 The [
capability.

37.9.6 The [
phone. Level
capability.

a) Level 0 — No verification.

b) Level 1 — Recipient acknowledges receipt of messagewia response to a questio

tone

C) Le
PIN ¢

37.9.7 Be af
machine / vo

37.9.8 Be ab
mobile phong

37.9.9 Initiat

RMNS system shall supervise the connections to the phone system or phef

DRMNS system shall have the capability to verify that the message”was de
5 1, 2 should link replies / responses with the original alert within the system’s

multi frequency DTMF.

vel 2 — level 1 and recipient acknowledgesthe/she is the proper recipient by €
ode to listen to the message.

le to detect and report delivery to\live person (per verification levels in 37.9.
ce mail, busy tone, or wrong number.

le to deliver phone notificatiohs to multiple numbers per recipient (home phone
, etc).

b communicationte phone notification function within 10 seconds of initiation g

e notification

ivered to the

alert logging

n using dual

ntering a

5), answering

work phone,

f alert.
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37.10 Type 8: DRMNS Messages to Pagers

37.10.1 A DRMNS with the capability to send text messages to a pager shall meet the requirements of
37.10.2 and 37.10.3.

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

mes

3)
the p

37.10.3 Initig
37.11 Type

37.11.1 A O
requirements

37.11.2 The
radio. Levels
capability.

a) Level 0 — no verification.

b) Level 1 — level 0 and if sending_to a 2-way radio recipient acknowledges receipt

via re

C) Le
mech

37.11.3 Initig

)

roper recipient by entering a PIN code to receive the message.

D: DRMNS Messages to Hand-Held Radios

age via response 10 a question.

vel 2 — levels 0 and 1 and if sending to a 2-way pager, recipient acknewledgd

te communication to pagers delivery capability within 10 seconds of initiation

RMNS system with the capability to send alerts<to two-way radios sh
of 37.11.2 and 37.11.3.

DRMNS system shall have the capability toverify that the message was de
1, 2 should link replies / responses with thé original alert within the system’s

sponse to a question.

vel 2 — levels 0, 1 and support of radio vendor based secure message deliver
anism. (privacy toenes, etc).

te communication to hand-held delivery capability within 10 seconds of initiatiq

s he/she is

of alert.

all meet the

ivered to the
alert logging

of message

<

n of alert.
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37.12 Type

10: DRMNS Messages to a Social Network

37.12.1 A DRMNS with the capability to send messages to a social network shall meet the requirements
of 37.12.2 and 37.12.3.

37.12.2 The DRMNS installation documentation shall clearly specify what social networks are supported
and integration requirements and setup procedure.

37.12.3 The

DRMNS shall:

a) Be able to connect to the social network while optionally designating what account / feed to

upda

b) B

te.

c) Provide a secure connection to the social networks for the purposes of'\defiverin

for th

d) In

38 Interface

38.1 General

38.1.1 Wher
the capability

a) A

e alert.

b an interface is employed to coordinate_thie signals with a fire alarm system
of the following:

trouble signal indicating the failure\0f"any component on one system that coul

operation of the other, at the impairedysystem control unit's required operator interf

b) P

ovide an indication of thefollowing conditions:

active in an emergency condition, and

condition.

ovidesinformation to the fire alarm system, to override the fire alarm system’s

b able to deliver at a minimum a text message to update the social network ad

tiate the update the content of the social network within 10 seconds of initiatig
eveni.

1) Annunciate a {MNS Active” signal to the fire alarm system when the EC

count / feed.

h the content

n of the

it shall have

d impair the
pce(s).

S/MNS is

2) Indicatien to the ECS/MNS when the fire alarm system is active in an efnergency

notification
tification
aling, 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 alarm system.
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38.1.2 Software utilized in the interface shall meet the requirements of Section 45, Software.

38.1.3 Components of the interface shall be monitored for integrity as required by Section 44,
Components — Monitoring for Integrity.

38.1.4 Unless modified by the specific TC classification, interconnections to and from the interface shall
meet the requirements of Section 41, Common Performance and Monitoring for Integrity.

38.1.5 Interfaces to non-emergency and/or non-fire equipment shall meet the requirements of Section 46,
Combination Systems With Non-Emergency, Security, Building Controls, and Other Non-Fire Equipment.

38.1.6 Each interface shall be classified by one or more of the technical configurations described in
sections 38.6[To 38.8, based upon compliance with the funciional requirements Tor the respedtive technical
configuration

38.1.7 Unless specifically modified in this section or the respective technical configurafions function
requirements| the common requirements of 38.1.1 — 38.1.6 apply to all interfaces.

38.2 Abnormal Operations
38.2.1 The requirements of 38.2.1 — 38.2.6 apply to products classified TC 4.

38.2.2 The product is to be operated under the most severe akhormal conditions encountered in service.
There shall e no emission of flame or molten metal, or any.other manifestation of a fire,| and leakage
current meagurements during and after the test shall be within the values specified in Leakage Current,
Section 60. The intended operation of the ECS/MNS system shall be unaffected as a resulf of 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 gperation of an overload protective device,|until burnout
occurs.

38.2.4 The test is to be conducted withithe unit connected to a rated circuit source of supply. A single
layer of cheepecloth is to be loosely draped over the entire unit with the cloth within 1/8 inch (3.2 mm) of
openings in the overall enclosures

38.2.5 Immediately following,the test, the unit shall comply with the requirements in the Dielectric
Voltage-Withstand Test, Section 64.

38.2.6 The fopllowing are abnormal test conditions:

a) Individually shorting interface circuits to earth ground,

b) Separately shorting circuits together, and

c) Applying 240 volts, 50 — 60 Hz, 40 Amps to each interface circuit.
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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 Transient Protection
38.4.1 All electrical circuits shall:

a) Meet the requirements of the Input/output (low voltage) field wiring transients test, 61.4, or

b) Beé provided with transient protection that complies with the requirements ofiStandard for
Protgctors for Data Communications and Fire Alarm Circuits, UL 497B.

38.4.2 For npn-audio or video interface circuits, all dry contacts used in any\interface [shall have a
minimum elegtrical rating of 0.5 amperes at 30 VDC, resistive.

38.5 Audio Interface Circuits

38.5.1 Theseg requirements apply to products classified TC 1 or FC(2.

38.5.2 Maximum 1% THD+N total harmonic distortion (THD).through interface.

38.5.3 Measprements of distortion are to be made over(the range of 400 to 6500 Hertz.

38.6 Technigal Configurations (TC) 1 and 2 — General Physical Media Connected Anglog Audio &
Control Output
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Figure 38.1
TC 1 & 2 — Analog Audio and Control Interface

Output Audio
Interface } Interface
Return Aud
~ Configuration #1 eturn Audio Configuration#2 ————— =
Wiring to system | Transmitter (Host) Receiver Wiring to system

Output contacts from host

Confirmation signals to host

su0644a

38.6.1 A TC|1 (transmitter) and TC 2 (recipient) system shall comply with all of the following:

a) A|TC 1 and/or TC 2 Interface that is-powered independently of the TC 1 or TC !
intergonnected system shall meet the-requirements of Section 13 for primary and s
powsqr.

o

condary

b) Interconnecting wiring/paths shall meet the requirements of Section 41, Commoh
Perfgrmance and Monitering for Integrity.

c) Aldio signal shall-be sourced from TC 1 system, presented and connected to tHe TC 2
systgm and retufned via separate terminals and wires/cables to the TC 1 system via the TC 1
and TC 2 interfaces. TC 1 system shall monitor the entire circuit path and indicate g fault
condftion,.as required by Section 43, Trouble Signals, within 200 seconds if the audlio path is
interqupted.for any reason.

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.
d) TC 1 interface shall provide the following relay contacts to the TC 2 interface and TC 2

interface shall provide relay contact acknowledgement of signal receipt that shall be monitored
by TC 1 interface:
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1) Request to activate audio: Activation of this signal indicates that the TC

1 system is

transmitting analog audio information to the TC 2 system for processing. This signal

shall cause the TC 2 system to cease any and all audio operation that it is

performing

or is capable of performing. If this signal is active in combination with optional zone
control (separate relay and confirmation signal per zone), the audio shall be transmitted

to the activated zone(s). If optional zone control relays are not activated, th
systems shall operate in an “all signal” (“all call”) mode.

eTC?2

2) Request to Manage Evacuation Signals: Activation of this signal indicates to TC 2
that all evacuation signals, visible or audible if provided and controlled by TC 2, must
be coordinated with TC 1 to ensure that all notification appliances, whose operation
could interfere with the intelligibility of the mass notification message, or that may

e) T
syste
respe

D 2 system shall provide confirmation;signal relay contacts to be monitored by
m interface for the following commands. Each confirmation signal shall be dis
ctive monitored system and shatlybe unique for the respective condition:

deliver conflicting information 10 occupants are managed

3) Request to Manage Visible Alert Signals: Activation of this signajindicates to TC 2

that all ALERT visible signals, if provided and controlled by TC 2/must be
with TC 1 to ensure that all notification appliances that may deliver conflicti
information to occupants are managed.

4) Zone Control (Optional): Zone Control shall include.one or more zone ¢
monitoring pair. If the Request to Activate ECS/MNS Audio and/or Visible §
active and this/these signal(s) from the TC 1 system to the TC 2 system is
the TC 2 systems shall operate in an “all signaf’ (“all call) mode. If the requ
activate signal is active and one or more zong, signal(s) from the TC 1 syst
2 system is active, the TC 2 systems shalkoperate its notification appliance
active zone control(s), separate output relays and monitoring circuits per zg

1) Request to activateaudio: This relay contact shall transfer in the TC 2 i
when the TC 2 systemJis ready to broadcast the TC 1 audio stream.

2) Request to-Manage Evacuation Signals: This relay contact shall transfe
interface when-the TC 2 system processed the evacuation signal control lo

3) Reduest to Manage Visible Alert Signals: This relay contact shall transfq
2 interface when the TC 2 system processed the visible alert signal logic.

coordinated
ng

bntrol relay/
ignal is

not active,
est to

em to the TC
s based on
ne.

the TC 1
blayed in the

hterface

inthe TC 2
ic.

J

rin the TC

1 audio stream over the designated zone.

4)” Zone Control (Optional): Where employed, a separate relay contact shall transfer in
i ' i oadcast TC

f) Interface trouble condition. When either the transmitter (TC 1) or recipient (TC 2) system is in

a condition where the interface operation may be impaired, relay shall transfer that is monitored
by the reciprocal system and annunciate a supervisory signaling condition. The relay transfer

shall not cause the reciprocal system to be placed in the trouble condition. A confirmation signal
back to the reciprocal system is not required.

g) TC 2 is required to manage its notification appliances such that:
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1) Audible evacuation signals are suspended by TC 2 in any zone(s) for which 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 Request 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 Evacuaiion 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 \Evacuatiopn Condition
is established in that zone(s).

38.7 Technigal Configuration (TC) 3 — Proprietary Interface Data

Figure 38.2
TC 3 - Proprietary Interface

SLC/CLC
Interface Interface
Configuration #3 Configuration #3
Wiring to systeni Transceiver Transceiver Wiring to system
Signals

Proprietary Digital Interface

su0646a

38.7.1 A TC 3 interface shall comply with the following:

a) Host and interfaced system shall be cross-evaluated and determined to be compatible,
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b) Each TC 3 rated interface shall meet the requirements of this standard or Standard for
Control Units and Accessories for Fire Alarm Systems, UL 864, and

c) The installation instructions for the TC 3 interface shall specify compatible models of

corresponding TC 3 interfaces.

38.8 Technical Configuration (TC) 4 — Isolation Interface

Figure 38.3
TC 4 Isolation Interface

Supervised wirirjg to
UL 864/2572 sygtem

Interface

Configuration #4

su0655a

38.8.1 A TC|4 interface shall.comply with the following:

a) Cpmply withithe Standard for Control Units and Accessories for Fire Alarm Syst

and/qgr this_standard,

b) Al wired circuits not intended to be solely connected to products meeting the re

Signal

Non UL 864/2572
System

\Wiring to system

ems, UL 864

Quirements

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,

¢) An open, short circuit, or a ground fault on each wired circuit not connected to product(s)
meeting the requirements of UL 864 and/or this standard shall not affect the normal operation or
monitoring for integrity of interconnected equipment meeting the requirements of UL 864 and/or

this standard,
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d) Where overcurrent protection is provided to meet the requirements of (b) and/or (c), the

prote

ction shall be non-interchangeable,

e) Interconnections to and from the interface are not required to be monitored for integrity,

f) Signal priority shall meet the requirements of Section 35 and 36.3, and

g) Product shall be marked “Assessed for electrical isolation only and not functional

perfo

rmance”.

PERFORMANCE — COMMON REQUIREMENTS

39 Power S

39.1 General

39.1.1 Each
secondary), ¢

Exception Nd
intended for
the sole sourn

Exception N
Power Supp
independent

Exception Ng
battery as thq

Exception Nd
source of po

39.1.2 The il
cause an em
to distributed

39.1.3 Trans
power source
signaling con

ipplies

ach of which is able to separately power the product.

. 1: Dedicated targeted distributed recipient mass notification emergency ald
ise by an individual recipient complying with 39.5 are permitted to use a prima
ce of power.

D. 2: Products deriving power from separate equipment complying with the
es for Fire Protective Signaling Systems, UL<1481, and which are supplied b
bower sources.

. 3: Low power radio transmitters complying with 39.4 are not prohibited from us
p sole source of power.

. 4: HPSAs complying with 89.6" are not prohibited from using a primary batte
ver.

terruption and restoration of any source of electrical energy connected to a pro
ergency/mass natification alarm signal or trigger the sending of emergency al
recipients.

fer of theOperating power to the secondary power source or return to the prim
shall fot)cause the loss of any latched emergency alarm condition or trouble ¢
dition;.0r in process emergency alert messages to distributed targeted equipm

product shall be supplied by at least two independent power sources (one prifnary and one

brt equipment
ary battery as

Standard for
at least two

5ing a primary

y as the sole

duct shall not
brt messages

ary operating
r supervisory
ent.

39.1.4 A visuat~power-omn -imdication, visibleafter the productisinstatted; isto be present o
employing an operator interface. A unique character presentation on a display device meets the intent of
this requirement.

1 all products


https://ulnorm.com/api/?name=UL 2572 2018.pdf

88

MASS NOTIFICATION SYSTEMS - UL 2572

MARCH 28, 2016

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 trouble signal shall be transmitted for remote station, central station, and proprietary-type
protected premises units after a delay of between 60 and 180 minutes.
Exception: Products are not prohibited from providing capability of selecting thdt the primary
powar failure trouble signal transmission be delayed other time periods, including no delay,
proviged the 60 — 180 minute delay is also included.
c) Either an audible- or visual-only trouble signal, or both, shall be anpunciated at the
supefvising station for supervising station equipment.
Exception: The primary power source of constantly attended-supervising-station equipment,
when the fault condition is obvious to the operator on duty.

39.2.2 The requirement of 39.2.1 does not apply to the following eircuits:

a) A

b) The neutral of a three-, four-, or five-wire, AC or DC supply source.

39.2.3 Opers
within 10 sed
and while mg
a) T
b) D

Transfer to th
Restoration g

result in the transfer(of) product operation to the primary operating source within 30 minutes.

Exception N(

power supply for supplementary equipment.

ting power of the product shall automatically be transferred to the secondary
onds without required signals being lost, interrupted, or delayed by more tha
intaining compatibility of connected equipment when each of the following con
btal instantaneous loss of primary power.

bgradation of primary power to the point of transfer to secondary power.

e secondary‘pewer source shall not occur below 85 nor above 90 percent of
f the primary operating source to a value of not more than 90 percent of rated

impaired and

~J5A lower transfer cutout voltage is not prohibited when operation of the ﬂ)

bower source
n 10 seconds
ditions occur:

ated voltage.
voltage shall

roduct is not

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.
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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.

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 los§ of voltage shall result in:

a) The annunciation of an audible and visual trouble signal at the required pperatof interface(s),
suchlas LOCs and/or ACUs, for any product located at the protected premises;

b) The transmission of an off-premises trouble signal for interconnedted remote central
command station(s); and

¢) The annunciation of either an audible- or visual-only trouble)signal, or both, at 2¢ hour
manned central command station equipment.

39.3.2 The system shall produce the same alarm, supervisory, and trouble operation| signals and
indications, excluding the alternating current (AC) powér” indicator, when powered sqlely from its
secondary pgwer source as when the product is connected to its primary power source.

Exception: Amplifiers for a mass notification audio announcement and paging alarm system are not
required to remain energized when they automatically reenergize for alarm and failure of an amplifier
results in an fpudible trouble signal when an alarm is present on the system.

39.3.3 Standby batteries, other than these used solely to sustain time and date functiops or volatile
memory, shall be rechargeable.

39.3.4 Proddcts employing rechargeable batteries as the secondary power source shall monitor the
integrity of the battery-charging-Circuit.

39.3.5 With regard t0{39:3.4, products employing voltage controlled charging methods ghall initiate a
trouble signal when, the charging voltage decreases below the marked nominal rated battery voltage.
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39.4 Primary Batteries

39.4.1 A primary battery is not prohibited from being used when all of the following conditions are met:

a) The capacity of the primary battery shall be monitored for integrity. The battery shall be

mon

itored while loaded by:
1) Transmission of the transmitter, or

2) A load equivalent to the load imposed by transmission.

b) A required battery trouble status signal shall be transmitted to the receiver/signaled to the

LOC
has

prod
from

intery

until

c) T
inclu

norm

d) A
differ

an a

e) The audible trouble signal of the receiyef/control unit is not prohibited from bein
wher
hourg.

f) Th
batte|

g A

h) E
contr|

depleted to a level insufficient to maintain proper non-alarm operation of the, trg
dict. The battery trouble signal annunciation at the receiver/control unit is;not p
initially being delayed up to 4 hours. The battery trouble signal shalldbe fetran
als not exceeding four hours or the product locks in the signal to,the LOC, AQ
he battery is replaced.
:Ee battery (of the transmitter/product) shall be capable of gperating the transm

ing the initiating device (if powered by the same battery),for not less than 1 y
al signaling service before the battery depletion threshold specified in (b) is re

hnunciation of the battery trouble status signal atthe receiver/control unit shall

ent from alarm, supervisory, tamper, and initiating circuit trouble signals. It shg
ddible and visual signal that shall identify thesaffected transmitter.

provided with an automatic featureto resound the signal at intervals not excs

q
4

e battery trouble status signal shall persist at the receiver/control unit until the
Iy has been replaced.

ny mode of failure-0f"a primary battery in device shall not affect any other devi

hch transmitter/product serves only one device and is individually identified at
bl unit.

or ECCU for a minimum of 7 days before the battery capacity of the transmitier/product

nsmitter/
ohibited
smitted at

U or ECCU

tter/product,
ear of
ached.

be distinctly
Il consist of

j silenceable
eding 4

depleted

ce .

he receiver/
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39.5 Primary Batteries — DRMNS

39.5.1 A primary battery is not prohibited from being used as the sole source of power for dedicated
targeted distributed recipient mass notification emergency alert equipment for use by an individual
recipient when all of the conditions of 39.5.2 or 39.5.3 are met.

39.5.2 Non-rechargeable primary batteries shall meet all the following conditions:

a) The capacity of the primary battery shall be monitored for integrity. The battery shall be
monitored while loaded by:

1) The actual intended use including the transmission of the transmitter, or

b) A

signgl for a minimum of 7 days at the product before the battery capacity of the prg

deple

signgl shall be repeated at intervals not exceeding 60 seconds,for’a minimum of 7

days

c) A
37.1.
level
annu
up toj
hourg

d) T
less
befor

e) A
be di
trans

f) Th
silen
exce

b

2) A load equivalent to the load imposed by the actual intended use, inclug
transmission of the transmitter.

specific battery trouble status signal shall be annunciated visibly and with a u
ted to a level insufficient to maintain proper operation of the.product. The batt
until the battery is replaced.

required battery trouble status signal shall be tranSmitted to the location(s) de
B for a minimum of 7 days before the battery capacity of the product has depls
insufficient to maintain proper operation of theproduct. The battery trouble sid
hciation at the location described in 37.1,8.unit is not prohibited from initially b
4 hours. The battery trouble signal shall"be retransmitted at intervals not exce
until the battery is replaced.

e battery (of the product/transmitter) shall be capable of operating the transm
an the minimum service time_specified by the manufacturer for normal signa
e the battery depletion threshold specified in (c) is reached.

nunciation of the battery trouble status signal at the location(s) described in 3
stinctly different from“other trouble signals. The annunciation shall identify the
Mmitter.

e audible(irouble signal at the location(s) described in 37.1.8 is not prohibited
teable . when provided with an automatic feature to resound the signal at intery
bding“4 hours.

ing the

hique audible
duct has

ery trouble
consecutive

scribed in
pted to a

nal

eing delayed
eding four

tter for not
ing service

7.1.8 shall
affected

from being
als not

9T

g battery troubte statussigmat-shattpersistatthe tocation(s) describedim37-

product until the depleted battery has been replaced.

.8 and at the

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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39.5.3 Rechargeable primary batteries shall meet all the following conditions:

a) The capacity of the primary battery shall be monitored for integrity. The battery shall be
monitored 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, including the
transmission of the transmitter.

b) A specific battery trouble status signal shall be annunciated visibly and with a unique audible
signal before the battery capacity of the product has depleted to a level of 25% of rated

capafity. The baftery frouble signal shall be repeated af infervals not exceeding 60|seconds for
until the product begins the recharging process.

c) Alrequired battery trouble status signal shall be transmitted to the location(s) decribed in
37.1.B before the battery capacity of the product has depleted to a level of 10% of rated
capafity. The battery trouble signal annunciation at the location described in 37.1.8 unit is not
prohipited from initially being delayed up to 4 hours. The battery ttouble signal shal| be
retrapsmitted at intervals not exceeding four hours until the preduet begins the recharging
procegss.

d) The battery (of the product/transmitter) shall be capable of operating the transmijtter for not
less {han the minimum service time specified by thexmanufacturer 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 diptinctly different from other trouble signals. The annunciation shall identify the pffected

f) The audible trouble signal at the Iocation(s) described in 37.1.8 is not prohibited [from being
silienceable when provided withan automatic feature to resound the signal at interyals not
excegding 4 hours.

g) The battery trouble-status signal shall persist at the location(s) described in 37.1.8 and at the
produict until the praduct begins the recharging process.

h) Any mode ¢ffailure 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 individuplly identified
at thefocation(s)describedm37-178:
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39.6 Primary Batteries — HPSA

39.6.1 A rechargeable primary battery is not prohibited from being used as the primary source of power
for high powered speaker arrays when all of the following conditions are met:

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 visual “power-on” indication, visible after the product is installed, is to be present on all
prod{icts employing an operaior interface. A unique character presentation on a display device
meetp the intent of this requirement.

d) The primary batteries, other than those used solely to sustain time andydate fungtions or
volatfle memory, shall be monitored for the presence of voltage at the point of conrlection to the
produict such that loss of voltage shall result in the annunciation of a‘trouble signal jwithin 200
secopds of the application of the fault.

e) The product shall monitor the integrity of the battery charging circuit such that when the
integfity is affected for a time period of 24 consecutive hours, a trouble signal shall|be
annunciated.

f) Required trouble signals shall be annunciated at'the locations specified in 36.1.4].

g) WIith regard to (e), products employing voltage controlled charging methods intefgrity is
affecfed when the charging voltage decreases below the marked nominal rated battery voltage.

h) The combination of charger and. batteries shall meet the requirements defined for the
Charging Current Test in Section«55, with the following exception:

Exception: Without connectioh to the charging supply, the rechargeable batteri¢s shall have
suffidient capacity to operate-the product for 7 days in standby followed by 60 minutes of operation
at fulf load.
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40 Live Voice and Pre-Recorded Message Communication
40.1 General

40.1.1 Microphone and or telephone handset connections used with ECCU, ACU, or LOC, where
provided, shall be monitored for integrity such that loss of connection results in a trouble signal.

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 All re

40.1.3 Wher

location shall

40.1.4 Each
controlled by

juired annunciation shall be at the LOC, ACU, and/or ECCU portion of the\sy§

b a combination of or multiple ECCUs, ACUs, or LOCs are employed, onl
have control of a notification zone at a time.

ACU shall have the capability to provide the specific individual control status
the respective ACU.

tem.

one control

of each LOC

40.1.5 Therg shall be a visible indication at all control locations indicating that another Jocation is in
control.
40.1.6 Wher a control location is indicating that it is not in<gcentrol, it is prevented from acting as if it is in
control.

40.1.7 Any s
shall be eithd

a) A

b) L¢

c) M

d) A

r

key-lock type switch, with the_kéy removable only in the locked position;
cated inside of a locked.enclosure complying with physical security level 1 or
pet at a minimum-A¢cess Control Security Level 1; or

ranged to provide equivalent protection against unauthorized use.

witches and/or controls utilized for the“control of emergency voice/alarm communications

higher;
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40.2 Functional sequence

40.2.1 In response to an initiating signal indicative of an emergency, systems providing prerecorded
voice/alarm communication messages and/or signals shall minimally be capable of providing the following

functions:

a) Automatic activation of an evacuation signal to any or all zones in the system, consisting of
a minimum of two cycles of the standard alarm evacuation signal consisting of the three-pulse
temporal pattern detailed in the National Fire Alarm and Signaling Code, NFPA 72 followed by a
recorded evacuation message to any or all zones in the system,

Exception No. 1: Products intend to be constantly attended by trained operators with capability of

a 30

Exce
evac

b) A
seco
alert
Pree

Exce
30-s¢

c) M
Addit

d) If
relea
notifi

40.2.2 When
prohibited.

40.2.3 When
initiating ton
selections sh

40.2.4 Many

Second response need not provide automatic response.

ption No. 2: High power speaker array(s) need not provide the ANSI S
Lation pattern.

Itomatic alert tone (either separately produced or part of a pre-fécorded mess
nd to 3 seconds followed by a recorded message to any or all.zones in the sy
tone/prerecorded message combination shall be repeated.a-minimum of three
npting of the alert tone with a predetermined time delay (s not prohibited, and

ption: Products intend to be constantly attended by trained operators with d
pcond response need not provide automatic respaonse.

pnual activation of an evacuation signal or.fécorded message on an all-call ba

onally, manual activation by zone is permitted.

a previously initiated recorded message is interrupted by live voice instruction

sing of the microphone, the previously initiated recorded messages to the selg

Cation zones shall have the eapability of not resuming play automatically.
provided in addition te_that described in 40.2.1(b), other functional seque|
provision is made-for the manual selection of evacuation signaling zones for t

b, prerecorded voice, or live voice evacuation messages and/or signals

all override.conflicting automatic zone selections.

ally initiated sources (tone generator, prerecorded message, or live voic

3.41 audible

hge) of 1
stem. The
times.

apability of a

Sis.

5, Upon
cted

nces are not

he purpose of
the manual

a}

-

) shall take

precedence (¢

venautomatically 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.
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40.2.6 Systems employing multiple notification circuits or addressable notification appliances shall be
capable of arranging multiple notification circuits and addressable notification appliances to activate or
deactivate simultaneously, either automatically or by a common manual control.

40.2.7 Products utilizing a low-frequency component for the pre-alert signals required by 40.2.1 (a) — (c)
shall comply with the signal format described in the section for Determination of Low Frequency Signal
Format in the Standard for Audible Signaling Devices for Fire Alarm and Signaling Systems, Including
Accessories, UL 464.

40.2.8 The signal components for the low frequency audio needed to meet 40.2.7 from tone generation

to the output

40.3 Displa

speaker shall be described in the installation instructions for the product.

information

40.3.1 A continuously displayed visual indication shall be provided for the followingconditid

a) T
when
repro
mantu

b) T
all-c

40.3.2 None
both the norn
intent of com

40.4 Monito

40.4.1 Failur
pre-recordeg
generators, p
loss of emerg

e on/off status of all evacuation signaling or alert zones (zones are\to be con
an evacuation signal, pre-alert tone, recorded message, or live yoice messag
duced by the speakers of that zone, regardless of whether it\was automaticall
ally activated).

e off-normal status of all control switches (this includgs zone select, manual g
I, and page controls).

ectrical visual annunciation integral with a switch' shall include obvious distinct i
nal and off-normal position of the switch. Utilization of the switch position does
pblying with this requirement.

fing integrity

ns:
sidered “on”

e is being
y or

vacuation,

ndications for
not meet the

e of any component in the audio chain (such as amplifiers, preamplifiers, malfunction of a

message device, displacément of a pre-recorded message medium,
roducts translating or converting the audio signal and interconnected wiring) rq
ency signaling capability shall cause an audible trouble signal. Compliance is

with the syste¢m in the normal supervisory condition and repeated with the system in the alg

Exception Ng
integral parts

Exception Nd

brimary tone
sulting in the
to be verified
rm condition.

. 1: This requiirement does not apply to amplifiers and tone generators that ar¢ enclosed as

and provide signals to a single speaker.

. 2; Wiring internal to a mechanically protected enclosure is not required to b

e supervised.

40.4.2 Eme

gency Voice/atarmT SyStemnTs Sharing Components, Circuitry and mstattatio

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.

41.1.1.2 The requirement in 41.1.1.1 does not apply to the following circuits:

a) Tllouble signal circuits;

b) Interconnection between equipment within a common enclosure;
c¢) Alcircuit for non-emergency/ancillary function components when & short-circuit, §n open, or a
ground fault in no way affects the normal operation of the controltnit/system except for
omisgion of the supplementary feature (when necessary to comply with the above flequirement,
overgurrent protective devices provided for supplementary cir€uit protection shall bg non-
interghangeable);

d) Cpnductors for ground detection, where a single ground does not prevent the required
normgl operation of the system;

e) The circuit connections extended to additional emergency alarm control unit eqdipment, and
not djrectly connected to individual initiating:devices, notification appliances or signfling line
circuit devices, when these wiring connections are intended to be made within 20 feet (6.1 m) of
each|other and are enclosed within conduit or equivalently protected against mechanical injury.

41.1.1.3 Theutilization of a double loop-6¢ redundant conductors or circuits to avoid electrical supervision
is not acceptable.

41.1.1.4 A single break or a single ground on any circuit shall not cause an alarm signal.

41.1.1.5 The| operation ofsa product shall not depend upon any ground connection, except for those
required for qonnection to*ground fault detection circuit(s).

41.1.1.6 A multiple;ground fault or short-circuit fault on: initiating device circuit(s), notificatjon appliance
circuit(s), signaling line circuit(s), interconnecting control equipment circuit(s) not complying with
41.1.1.2(e) amdror Cis)imtended—for conmection totimited=energy cabte, thatwoutd prevent required
alarm operation, shall result in a trouble signal or alarm signal.

41.1.1.7 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.
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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.

41.1.2 Class
41121 Aci

a) It

A Circuits and Pathways
rcuit or pathway shall be designated as Class A when it performs as follows:

includes a redundant path.

b) O
the a

c) C
in ac

d) O

e) A
with

fy W
be re

g) O
fault

repeater, application of an adverse condition at a transceiver/repeater. The fault sh

the a
Exception Nd

Exception Ng

hnunciation of a trouble signal as required by Section 43.

cordance with Section 43.

berational capability is maintained during the application of a-single ground fat

Bection 43.

stored within 200 seconds of the applicatiofUof the fault.

nnunciation of a trouble signal.
. 1: Requirements (d) and (e) shall not apply to non-conductive pathways.

. 2: Requirement~(b)'shall not apply to radio frequency/wireless pathways.

berational capability continues past a single open and the single open fault.shall result in

bnditions that affect the intended operation of the path are annungiated as a trpuble signal

t.

single ground condition shall result in the annunciatien of a trouble signal in agcordance

nere operational capability is to be maintaine@d.during a fault, the operational capability shall

berational capability in a radio frequency and/or wireless pathway continues diiring a single
consisting of each of the following applied separately: loss of a transceiver, logs of a
all result in
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41.1.3 Class B Circuits and Pathways

41.1.3.1 A circuit or pathway shall be designated as Class B when it performs as follows:
a) It does not include a redundant path.
b) Operational capability stops at a single open.

c) Conditions that affect the intended operation of the path are annunciated as a trouble signal
in accordance with Section 43.

d) Operational capability is maintained during the application of a single ground fault.

e) Alsingle ground condition shall result in the annunciation of a trouble signal lin“afcordance
with Pection 43.

f) Where operational capability is to be maintained during a fault, the gperational capability shall
be rgstored 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) ltfincludes a redundant path.

b) Operational capability continues past a;single open and the single open fault shall result in
the ahnunciation of a trouble signal as required by Section 43.

c) Operational capability continues_past a single short circuit and the single short gjrcuit fault
shall|result in the annunciation.ef-a trouble signal as required by Section 43.

d) Operational capability continues past a combination single open fault and a single ground
fault.

e) Cpnditions thatiaffect the intended operation of the path are annunciated as a trouble signal
in acfordanceith Section 43.

—

f) Operational capability is maintained during the application of a single ground fau

g) A singfe ground condition stattresuttim the—anmunciation of a troubte signatimaccordance
with Section 43.

h) 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.

i) Operational capability in a radio frequency and/or wireless pathway continues during a single
fault consisting of each of the following applied separately: loss of a transceiver, loss of a
repeater, application of an adverse condition at a transceiver/repeater. The fault shall result in
the annunciation of a trouble signal.

Exception No. 1: Requirements (c), (d), (f) and (g) shall not apply to non-conductive pathways.
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Exception No. 2: Requirement (b) shall not apply to radio frequency/wireless pathways.

41.2 Initiating Device Circuits (IDC)

41.2.1 Each initiating device 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/pathway during

the specified fault conditions in accordance with Class A or B in 41.1.2 and 41.1.3.

Exception No. 1: Detection and annunciation of a ground fault is not required for an initiating device 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 Nd
wiring installe
wireless devi

. 2. Detection and annunciation of a ground 1ault is not required for initiating
bd in non-metallic conduit extending not more than 20 feet from a primary~baf
Ce.

41.3 Notification Appliance Circuits (NAC)

41.3.1 Each

notification appliance circuit or pathway shall be defined by the applicable

product instdllation wiring diagram/instructions consistent with the opgration of the partic

accordance |

Exception Nd
circuit extend
distance doe

Exception N
circuit wiring

hith Class A, B, and/or X in 41.1.2, 41.1.3, and 41.1.4,

. 1: Detection and annunciation of a ground fault{s rot required for a notificat
ing not more than 3 feet from a primary battery-opéerated wireless device provid
5 not include an intervening barrier such as a<wall or ceiling.

. 2: Detection and annunciation of a ground fault is not required for notificat
installed in non-metallic conduit extending not more than 20 feet from a pi

operated wirg¢less device.

Exception Nd
HPSA subsy:

a) T

b) Tl
mech

c) O

41.3.2 A sing

. 3: Detection and annunciatiorni of a ground fault is not required for the circ
tem controller and the high-power speaker array provided:

e ground fault doeswnot prevent the required operation of the system;

ne circuit conductors are installed in conduit or are equivalently protected agail
anical injury\and

nly onelarray configuration is driven by the circuit.

le bréak, single ground, or wire-to-wire short-circuit fault on the physical (metall

device circuit
tery operated

class in the

ular circuit in

jon appliance
led the 3-foot

fon appliance
imary battery

Uit between a

nst

ic) or a single

break in fibe

optic conductors of oneatarnT notificatiomapptiance tircuit shattmotaffectth

operation of

any other alarm notification appliance circuit for more than 200 seconds, under both of the following
separate conditions:

a) The fault is first present during the normal standby condition followed by activation of the
same alarm notification circuit;

b) The fault is applied after the alarm notification circuit is activated.

Exception:

directly to the circuit and which are monitored for integrity as indicated in 53.1.1.

Alarm notification appliance circuits which do not have notification appliances connected
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41.3.3 Pathways intended for use with addressable notification appliances shall additionally meet the

requirements

in 41.4.2 —41.4.4.

41.4 Signaling line circuits

41.4.1 Each signaling line circuit shall be defined by the applicable class in the product installation wiring
diagram/instructions consistent with the operation of the particular circuit during the specified fault

conditions in

accordance with Class A, B or X as designated in 41.1.2, 41.1.3 and 41.1.4.

41.4.2 Where digital communications are used, the inability of a product to send or receive digital signals
over a signaling line circuit shall result in a trouble signal in accordance with Section 43.

41.4.3 A sin
fiber optic co
affect operati

Exception:
requirements
constraints s

41.4.4 Any {
prevent a wir

Exception Ng

Exception Ng

41.5 Communication Link (CL)

41.5.1 Comn

communicatipns control unit(s), and wide_area mass notification systems, distributed rg

notification c(
of 4152 -4

41.5.2 All co
Communicati
minimum as

gle break, single ground, or wire-fo-wire fault on the physical (metallic) or a.s
hductors of a signaling line circuit for use with addressable notification appliaf
pbn of more than one evacuation signaling zone.

in National Fire Alarm and Signaling Code, NFPA 72. Specifi¢s’covering th
hall be clearly detailed in the control unit’s installation wiring-diagram/instructio

bLC pathway shall have the capability, either inherent(or by use of externg
b to wire fault from affecting the entire pathway.

. 1: This does not apply to interconnected LOGS; ACUs and ECCUs.

. 2: SLC pathways limited to a single zone!

hunication links between in-building mass notification systems, local and remo
ntrol system, high power-speaker arrays and off-site interfaces shall meet the

.5.6.

bn Security Leyveland shall meet the requirements of that communication secu
Stipulated in 42:2.

4153 Aco

and visual superyisory signal within 200 seconds at either the remote emergency communic

promige attempt against the communication links specified in 41.5.1 shall cau

ngle break in
ces shall not

Riser type conductors installed in accordance with the survivability from attack by fire

e installation
ns.

| devices, to

e emergency
cipient mass
requirements

mmunication links~termination points on the ACU(s) and ECCU(s) shall be marked with a

rity level as a

5e an audible
ations control

unit(s) or on-premises required operator interfaces, such as ECCUs and ACUs.

Exception: CLs utilizing encryption per 41.1.1.1 are not required to be subjected to this requirement.

41.5.4 As referred to in 41.5.3, a compromise is the disconnection and substitution of remote emergency
communications control unit(s) or on-premises required operator interfaces, such as ECCUs and ACUs,
produced from the same manufacturer, from a communication link in a manner that does not result in the
annunciation of the supervisory signal described in 41.5.3.
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41.5.5 All means of interconnecting systems as part of the communication links shall be monitored for
integrity of the interconnecting conductor(s) and/or equivalent path(s) so that conditions that affect the
intended operation of the path, such as the occurrence of a single ground, single open, wire to wire fault,
or adverse condition, shall automatically result in a trouble signal at the ECCU within 200 seconds of the
occurrence.

41.5.6 The communication links for wide-area mass notification systems shall provide both primary and
redundant co

mmunication ports.

41.6 Low-Power Radio-Frequency Signaling

41.6.1 These requirements cover the operation of products and systems that utilize initiating,

annunciating
(RF), with thg

41.6.2 A prin

41.6.3 An al
reset, and sh

41.6.4 When
the activated

41.6.5 A low
arranged so 1
by a supervi
identification
processed as

41.6.6 Restg
result in the
annunciating

41.6.7 To p
supervisory %i(;nals shall be periodically repeated at intervals not exceeding 60 seconds unt

device is re
automatically|
until confirma
be not more

41.6.8 Arec

and remote control devices that provide signaling by means of low-power ra
transmitters operating on a random basis or using two-way interrogate/respeo

hary battery shall comply with 39.4 when a primary battery is used asrthe”sole

all identify the particular RF initiating device in alarm.

a receiver/control unit activates RF appliance(s) such as relays or notificatio
appliance shall remain locked-in until manually reset.dt the receiver/control ur

-power radio-frequency system combination intehded to provide supervisory se€
hat the occurrence of an off-normal condition*of-the supervisory device shall bg
sory signal and identify the affected devi¢ée. The supervisory signal and aff
shall latch at the receiver/control unit until* either manually reset or the restora
indicated in 41.6.6.

ration from off-normal to the nermal supervisory condition of the supervisory
receiver/control unit either cahceling the previously annunciated supervis
the status change audibly-and visibly identifying the affected device.

vide higher priority, to alarm and supervisory signals than to other signal

urned to its non=alarm condition. Receiver/control units activating RF apqg
repeat alarmivand supervisory signal transmissions at intervals not exceeding 6
tion that {he*output appliance received the signal. The duty cycle of the trans
han 15 percent measured over a one-minute interval.

Hio-frequency
hse signaling.

ower source.

brm signal from a RF initiating device shall latch at the receivér/control unit yintil manually

n appliances,
it.

rvice shall be
annunciated
ected device
ition signal is

device shall
bry signal or

5, alarm and
| the initiating
liances shall
0 seconds or
mission shall

m within 200

biver/control unit shall report and identify an inoperative transmitter in the systg

seconds.

41.6.9 Additional assurance of successful transmission capability shall be provided by one of the

following met

hods:

a) Transmitting the normal supervisory status transmission at a reduced power level of at least
3 decibels;

b)

Either increasing the minimum signal strength or reducing the maximum ambient radio-

frequency noise levels used in the product-specific field test procedure by at least 3 decibels;
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c¢) Increasing the minimum signal to noise ratio used in the product-specific field test procedure
by the equivalent of at least 3 decibels; or

d) By another equivalent means.
41.6.10 The audible tamper 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. Both of
the following actions shall cause the annunciation of a tamper signal at the receiver/control unit

additionally identifying the affected device within 200 seconds.

a) Removal of an initiating-device transmitter, RF appliance receiver or retransmission device
from its installed location, including displacement of a removable surface such as a ceiling tile.

b) R

41.6.11 Recgption of any unwanted (interfering) transmission by a retransmission device (re

the receiver
signal-to-nois
an audible tr
trouble cond
unit).

42 Security

42.1 General

42.1.1 Evide
data security
of Standards
current valid
Approved Se
Security func

pssage Adthentication functions.

bmoval of a cover exposing a transmitter primary battery.

control unit that exceed the maximum specified ambient noise level
e ratio (see 69.2.1 and 69.2.2) for a continuous period of 20 se€onds or more
buble signal indication at the receiver/control unit. This indication shall identif
tion (interfering signal) as well as the device(s) affected, (repeater and/or re

and Data Protection

hce of a certificate of compliance for the\validation of approved communicatig
and Technologies (NIST) cryptographic algorithm validation program (CAVP) g
certificate for the security function used by the system and security function
curity Functions for FIPS PUB "140-2, Security Requirements for Cryptograg
ions shall be one or more-0f'the following:

mmetric key encryption functions.

Eymmetric key Signature functions.

bshing. functions.

peater), or by
or minimum
shall result in
y the specific
ceiver/control

n and stored

functions shall be provided. The certificate of compliance shall be from the National Institute

nd shall be a
per Annex A:
hic Modules.
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42.2 Comm

unication Security

42.2.1 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 build

a) N
netw

b) M

phys
c) C

interr

42.2.4 Com

encompass |

service provi
a) E

b) A

algor

42.2.5 Com

encompass |
or “cloud”) to

a) E

b) A
by m

ings on a campus).

Drk.

inimum security function is required for all data on portion of the networK that
cal media (e.g. wireless). Security functions shall comply with 424.1.

et service provider segments (e.g. Internet or “cloud”) to support ECS/MNS.

munication Security Level 2 — Non-Dedicated Private Network. Typical
ler segments (e.g. Internet or “cloud”) to suppott, ECS/MNS.

CS/MNS data and other data are permitted(to reside on this network.

| ECS/MNS command and control data shall be protected by minimum securit
thm. Security functions shall comply~with 42.1.1.

munications Security leveh3 = Non-Dedicated Public Network. Typical
sing a LAN/WAN, and one'or more public internet service provider segments
support ECS/MNS.

CS/MNS data ang-other data is permitted to reside on this network.

nimum segurity function algorithms. Security function algorithms shall comply

D data other than the ECS/MINS system shall be capable of being introduced |

bmmand, control and/ or audio data is not permitted to transfer through one or

sing an existing shared LAN/WAN with encryption”and may use one or more f

| ECS/MNS _data including but not limited to command and control data shall

hto this

Ltilizes non-

more public

applications

ublic internet

y function

applications

(e.g. Internet

e protected
with 42.1.1.
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42.3 Stored Data Security
42.3.1 General

42.3.1.1 Where data stored in an ECS/MNS system is accessible without actuation of the access control
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

42.3.2.1 This security level applies to the following data:

a) Passwords.
b) DRMNS contact data.

42.3.2.2 The| stored data covered in 42.3.2.1 shall be protected by minimum security flunctions that
comply with 42.1.1.

42.3.3 Storefl Data Security Level 2
42.3.3.1 Thig security level applies to the following data:
a) Passwords.
b) DRMNS contact data.
c) System configuration data.
d) Audit logs and reports.
e) ELS/MNS messages.

42.3.3.2 The| stored data coyered in 42.3.3.1 shall be protected by minimum security flunctions that
comply with 42.1.1.
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42.4 Access

Control Security

42.4.1 The Access Control Security Levels in 42.4.2 — 42.4.5 are applied to access to an ECS/MNS
system via the software of a device. Manufacturer shall indicate the Access Control Security level in their
installation documentation.

42.4.2 Acces

s Control Security Level 0.

a) This access control security does not employ any security means.

42.4.3 Acces

s Control Security Level 1.

a) A[security means shall be provided to restrict unauthorized access 10 siie spe

prog
comk
shall
42.4.4 Acceq

a) A

progfamming and operation. The means shall provide @minimum password / PIN |

chard

b) D

c) The system shall allow the ability to create roles with system permissions that c

assig

d) The security means shall-have a timeout feature (“auto-log-out”) after the last a

shall
42.4.5 Acceq

a) A

progfamming and operation. The means shall provide a minimum password / PIN |

chard

mming and operation. The means shall provide a password/PIN with a mini
inations.

be configurable and documented in the product’s installation documentation.

s Control Security Level 2.

security means shall be provided to restrict unauthorized access to site specific

cters, each of at least 10 options.

sabling or locking of user accounts shall only be possible by authorized perso

ned to user accounts.
1) System permission roles shall at a minimum include a system site spec
programming authority,-and system operation authority.

be configurable and:documented in the product’s installation documentation.

s Control Security Level 3.

security_means shall be provided to restrict unauthorized access to site specific

cters; each of at least 10 options, or equivalent means (such as 2 factor auth

cijc

i

b) The security means shall have a time out feature (“auto-log-out”) after the last &

um of 1000

ctivity which

ength of 8

nnel.

an be

(¢

ctivity which

bngth of 12
entication).

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) Failed 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

assig

ned to user accounts.

1) There shall be a minimum of two system permission roles.
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f) 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.

42.5 Physical Security
42.5.1 The Physical Security Levels are applied to physical access or protection against unauthorized
access to the internal parts of the protected equipment. The manufacturer shall indicate the Physical

Security level in their installation documentation.

42.5.2 Physical Security Level 0. Physical Security is not be implemented at this level. Physical Security
does not apply to the protected equipment.

42.5.3 Physi]:al Security Level 1. The protected equipment shall have a physical device cohtrolling entry
from an extefnal cabinet to access the protected equipment.

42.5.4 Physital Security Level 2. The protected equipment shall withstand the attack test |listed in 42.6
for 2 minutes|

42.5.5 Physifal Security Level 3. The protected equipment shall withstand the attack test |listed in 42.6
for 5 minutes|, or 2 minutes if an equipment attack alarm is activated during the test.

42.6 Physical Security Attack Test

42.6.1 The gnclosure protecting the internal parts of a protected equipment shall resist att¢mpts to gain
access to thg parts if the protected equipment shall meet Rhysical Security Level 2 and 3.

42.6.2 The tgst sample shall be mounted in accordanee 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 tinpe limit is met
or if physicallaccess is to the internal parts of the-protected equipment is available.

42.6.3 The tpols used in the attack test shall include hammers, chisels, adjustable wrenches, pry bars,
punches, and screwdrivers. No hammetshall exceed 3 pounds (1.36 kg) in head weight, and no tool shall
exceed 18 inghes (457 mm) in length._During the test, a hammer shall only be used for a tdtal 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.

42.6.5 The Ruilding (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 inptructions.

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.
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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 Connection 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 Audit

Control, when provided, shall meet the requirements of 42.7.2 — 42.7 4.

42.7.2 The manufacturer shall indicate the Audit Control level in their installation documentation.

42.7.3 All mz]mual and automated control actions shall be audited, including failed logins,

42.7.4 The g
trouble signa

42.7.5 Audit
largest size 4

42.7.6 Audit
the largest si

42.7.7 Audit
of the largest

42.7.8 Loggi
43 Trouble
43.1 A troub]
intermittent s
of one-half s
annunciation
visually.

43.2 Cancell

43.3 The acf
indicated as

udit log shall include the action, time of action, identity of source initiating the
S.

Control Level 1 — The audit log shall be able to record at a mihimum 200 audit
udit record.

Control Level 2 — The audit log shall be able to recordlat a minimum 2,000 au
e audit record.

Control Level 3 — The audit log shall be ablécte record at a minimum 20,000
size audit record.

ng of an audit action shall overwrite the“oldest audit action when the audit log
Bignals

e signal shall be indicated by the operation of a distinctive sounding applian
gnal is used, it shall sound at least once every ten seconds with a minimum on

bcond. When a common audible signal (distinct from alarm) is to be employ
for both emergeney and non-emergency related signals, distinction shall

ivation of a self-restoring trouble signal and its restoration to normal shall be
jescribed in 43.1 and 43.2.

action and all

ecords of the

dit records of

audit records

is full.

ce. When an
time duration
pd for trouble
be achieved

ation of the-off-normal signal is acceptable annunciation for a trouble restoration signal.

automatically

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.
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43.5 A mean

s 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
3) Access Control Security Level 1 or higher; or

4) Arranged to provide equivalent protection against unauthorized use.

or higher;

b) A
soun

c) The audible trouble signal shall sound when the means is in the “silence”"positi

troub

d) The visible indicator shall be located and identified so that the.user will recogniz

as sd

43.6 An aud
ECCU) shall:

a) A
less

b) The audible signal shall operate until it-is'manually silenced or acknowledged,

at least onceg
normal super

44 Components — Monitoring for Integrity

441 The fus
trouble signa

Exception Ng
system excejf

Exception Nd

visible frouble ndicator remains acfivated or is simultaneously acfivated when
fing device is de-energized.

e exists.

on as it is activated.

ble trouble signal that has been silenced at the protected premises interface (4

Iitomatically reactivate the audible trouble sighal'at the operator interface ever
Lintil trouble signal conditions are restored te’normal, and

every 24 hours until the trouble)condition is corrected and the product is rg
visory condition.

es of a product shall*be electrically supervised to indicate rupture of the fuse
when the fault"prevents normal operation of the product.

. 1: Supplementary products where the fault in no way affects the normal op|
bt for amission of supplementary features.

.«25Either an audible- or visual-only trouble signal at the operator interface is 3

the

bn and no

e the signal

ACU, LOC, or

24 hours or

stored to the

by an audible

pration of the

cceptable for

mechanisms

thatare part of thie Termote emergercy COmIurications Cortrot arnt WHich 151

constantly attended.

1itended to be

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, glasg Normal operating voltage 60 percent
Temperature from maximum limit 10°C

Ceramic Normal operating voltage 60 percent
Temperature from maximum limit 10°C

Electrolytic aluhinum Normal operating voltage 80 percent
Temperature from maximum limit 20°C

Electrolytic tantfalum Normal operating voltage 60 percent
Temperature from maximum fimit 20°C

Solid tantalum Normal operating voltage 60 percent
Maximum operating_temperature 85°C

a Percent of defated value to the rated normal operating voltage.

44.3 Failure pf a components associated with controlling the environment within an enclosyre, such as a
cooling fan motor, which would result in product temperatures exceeding those in Tables 4.1 and 54.2
shall be indicgated by an audible trouble signal.

Exception: Either an audible- or.visual-only trouble signal at the operator interface is dcceptable for
mechanisms |that are part of the,yemote emergency communications control unit which is iptended to be
constantly atiended.

44.4 When the off-norfal position of any normally preset mechanism or similar part of a prqduct requires
manual restofation 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 operalor 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.

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.
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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.

44.7 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) The memory function of the microprocessor does not function or is corrupted.

c) Rotation ceases, or fails to start when required, in a product that incorporates permanent
mempry-storage devices having rotafing elements.

Exception: Supervision is not required when malfunction of the memory-sterage ¢levice results

only lin loss of supplementary information or features, and when the system is still capable of

indic@ting the nature and location of any status change.
44.8 A systemn shall not be affected if the system fails to execute any supplementary program.
44.9 Where pn audible trouble signal is used to annunciate the conditions indicated in 44.1 — 44.7 for
supervising station equipment, the trouble signals shall comply with{the requirements in Trquble Signals,
Section 43.
45 Software
45.1 General

45.1.1 Any gdroduct that is dependent upon software program(s) to achieve proper operatipn shall meet
all the requirgments in this section.

45.1.2 Wherg compliance with this standard is dependent upon the proper selection of softyvare features
and parametgrs which are field programmable, one of the following shall be met:

e software shall notpermit any product operation or contain any programming options that
rohibited by this standard;

b) The software-shall be partitioned and identified in the field programming softwarg as
complying of_not complying with (a); or

c) Alsummary shall be provided in the front of the installation documentation descijbing all
prog . . . - .
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.
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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.

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 Wher
for the signa
less than the

a) In

b the design of the product requires that status-change signals be stored,in me
to be displayed by the control unit, the software shall have sufficient capacit
following number of concurrent status changes:

-building units — Total number of initiating-input circuits plus initiating devices ¢

all signaling-line circuits up to a maximum of 10 or ten percent.of-the total, whichev

b) E
on al

45.1.7 Wher
storing all p
causing corr
regard to the

45.1.8 Softw

!

mergency Communications Control Unit — Ten percentlof the total number of t
transmission channels up to a maximum of 500.

b status-change signals are stored in memony-and the memory capacity is n
ssible signals simultaneously, the software design shall prohibit the overf

status changes which are stored in memory.

mory in order
y to store not

onnected to
er is greater.
ransmitters

ot capable of
ow condition

ption of existing stored data or causing\the product to perform in a degradgd mode with

are and firmware within a fire _alarm control system that interfaces to softwalre in another

system to provide required functions shall ‘be functionally compatible and the compatili

indicated in t
apply to supp

45.2 User ac

ne installation instructions.ef-one or both of the compatible products/systems.
lementary functions.

fcess and programming

4521 The €
nor shall pro

45.2.2 Site-

xecutive program shall not be accessible for change, modification, or additior]
ram execution depend upon site specific programming by the user.

ecifie;programming is not prohibited from being performed at the factory o

When the prgductpermits programming in the field, the extent of the programming shall be

ility shall be

his does not

by the user,

r in the field.
limited to the

following:

a) Assignment and mapping of output circuits where there is a procedure or product feature
that allows the programmer or AHJ to readily verify and review all programming.

b) Setting of parameters and variables that relate only to topics influenced by use and
installation of the product.
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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.

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 Softwafe integrity

ontain known
the design of

45.3.1 The goftware design shall cause the product to operate as intended and shall'not ¢
critical defects which result in interruption of product operation, operation notntended by

the product,
45.3.2 With

a) S
spec

b) E)
progiam that is documented with a test plan anddest results which, at a minimum,

verifi

Documentatipn for (a) shall include a description~of the test methods used, expected test

identification
actual test re

45.3.3 The t
described in

a) C
verifi

r which is inconsistent with the requirements of this standard.
egard to 45.3.1, evidence of software integrity shall be

bftware development using a documented process, which includes the test pro
fied in 45.3.3 and which complies with the requirements of ISO 9001.

camination of the software operation by the manufacturer with a test and verifi
Cation of the items specified in 45.3.3.

bf test equipment. Documentationmfor (b) shall include a description of the test n
sult(s), and identification of test equipment.

st program specified in_45.3.2 shall include performance-based testing of

a) — (e).

bnfirmation of proper operation of all circuits of each applicable type, style and
bd as described.

1) Initiating input circuits:

cedures

cation
ncludes

result(s), and
ethods used,

the functions

class,

i) Subjecting each supervised circuit to fault conditions (short, ope
veTifUTTOta o | :rsas

required.

, ground)

ii) Verify the circuit will detect and respond to an alarm or, if applicable,

supervisory condition, and that the system responds as required.

2) Output 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.
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ii) Verify the circuit activates correctly when commanded by the system.

ii) 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.

iv) Verify that mismatches between the actual devices on a circuit pnd the
expected devices on a circuit are detected and repofted 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 conditign is detected
and the system responds as required:
ii) Verify that messages are transmitted correctly in response to sygtem stimuli.
iii) Verify that incorrect messages are processed appropriately.

b) Cpnfirmation of proper operation_ofyvisual annunciators and displays:

1) Verify that at least 1-event, per type, intended for the display and/or anrjunciator is
successfully routed te_and displayed by the display and/or annunciator.

2) Verify that events not intended for the display and/or annunciator are ngt displayed.
c) Confirmation ofiproper operation of manual controls:

1) Merify that all key presses are processed.

2)” Verify that all key presses and menu selections generate the expected zrction.

3) Verify that incorrect entries are rejected and do not cause abnormal system
operation.

d) Confirmation 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) Confirmation of proper operation of intelligent devices that are controlled by the panel:
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1) Verify that the panel correctly controls the device as designed.

45.3.4 The testing 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) Infbuilding mass notification systems;
b) The control equipment at a contiguous location for wide area mass natification qystems; and

c) The control equipment at a contiguous location for distributed recipient mass nofification
systgms.

46.2 With regpect to 46.1, the following standards apply:
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

c) The Standard for Proprietary Burglar Alarm Units and Systems, UL 1076.

46.3 It shall pe 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 alafm and non-
emergency equipment-attached.

b) Failures of the'non-fire and non-emergency alarm equipment that affect the opefation of the
fire alarm systém shall be detected and reported at the LOC, ACU and/or ECCU.

c) The installation document of the fire product shall specify that all wiring, including that to the
the

d) The non-fire and non-emergency equipment shall be compatible with the mass notification
equipment or it shall have a contact closure interface for the connected load.
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46.4 When the non-fire alarm equipment is connected to the fire alarm system through separate wiring,
opens and short circuits shall not impair the operation of the fire alarm system.

46.5 Ground faults which impede or impair the monitoring for integrity of the mass notification system or
impede or impair any mass notification supervisory or trouble signal transmission or operation shall be
reported at the 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, circuitry, or
installation wiring with non-fire and non-emergency equipment, and that equipment does not comply with

either this standard or any of the standards shown in 46.2, the requirements of 46.7 — 46.9 shall apply.

Exception:

the requiremd
Systems, UL
ground cond
supervision d

46.7 Short c
the non-fire/n
monitoring fq
Monitoring fo
operations.

46.8 Single

monitoring fgr integrity of the mass notification systemy, or impede or impair any mas

supervisory

46.9 The reduired operation of the mass notification equipment shall not be impaired by any
non-fire alarm/non-emergency equipment, hardware, software or circuits, or by any
procedure, including removal or replacement of defective equipment or powering

non-fire/non-

46.10 The m
Section 41, s|
purposes.

46.11 Emerg

mass notification system.

46.12 In con

[Vith regard to the ground fault operation, where the interconnected equipment
bnts contained in this standard, the Standard for Control Units and Accessories
864, or the Standard for General-Purpose Signaling Devices and Systems, UL
ition is annunciated as a trouble condition at the LOC, ACU, orcECCU, &
f the mass notification circuits is permitted to be affected.

rcuits or open circuits in the non-fire or non-emergency equipment or in the w
on-emergency equipment and the mass notification system-shall not impede
r integrity of the mass notification system as described in Common Perf
r Integrity, Section 41, nor impede or impair any mass notification signal trar

round faults in the non-fire alarm/non-emergency equipment shall not impede

r trouble signal transmissions or operation

mergency equipment.
onitoring for integritysas - described in the Common Performance and Monitorin
hall continue to be~met during the period the combination system is used for ng

ency controlror other non-fire functions shall not interfere with any required op

hbingtion systems, mass notification signals shall be distinctive, clearly reco

complies with
for Fire Alarm
2017 and the
s applicable,

ring between
or impair the
brmance and
smissions or

or impair the
s notification

failure of the
maintenance
down of the

y for Integrity,
n-emergency

eration of the

jnizable, and

capable of ta
first.

Mg Precedernce Over any Other signat everr WherT a fire or Ton=fire atarmnT sig

al is initiated

46.13 Where the mass notification signaling unit is intended to be connected to a life safety network, the

following sha

Il apply:

a) The interconnecting path shall be monitored for integrity as described in the Common
Performance and Monitoring for Integrity, Section 41.

Exception:

Relays or appliances that provide fail-safe operation (activate, releas

e, unlock) on

loss of power or a fault or adverse condition on the interconnecting path that affects operation.
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b) Non-mass notification alarm data transmitted to the mass notification system shall not impair
the operation of the mass notification system.

46.14 Unless as indicated in 46.15 and 46.16, signal control and transport equipment (routers and
servers) located in the critical mass notification signaling path of in-building mass notification
communication links complying with Communications Security Level 1 (see 42.2.3) shall comply with 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.

46.15 Signal control and transport equipment, such as routers and servers complying with the Standard
for Information Technology Equipment Safety — Part 1 — General Requirements, UL 60950-1, which do
not modify the data package shall be permitted when the following is met:

a) Al programming and configuration ensure a response time of 10 seconds.

b) Cpmmunication link system bandwidth is monitored to confirm all communications between
equigment that is critical to the operation of the mass notification system\take place within 10
secopds and failure is indicated within 200 seconds. In lieu of monitéring bandwidth, polling
such|that a trouble is annunciated when the communication exceeds 10 seconds njeets the
intenf of this requirement.

¢) Failure of any equipment that is critical to the operation 0f the mass notification pystem is
indic@ted at the local operator console and the autonomous control unit and emerggency
comrmunications control unit, if applicable, within 200 seconds.

46.16 In con|unction with 46.15, the installation instructions shall stipulate the signal control jand transport
equipment meet the following:

a) The equipment is provided with primary and secondary power and monitored fof integrity as
requifed by section 10.5 of the National Fire Alarm Code, NFPA 72.

b) The equipment provided is tated for the voltage and temperature and humidity Variation
requifed by section 10.14.1 of the National Fire Alarm Code, NFPA 72.

c) Albarrier gateway attached to or connected to each local operating console (LOC),
autorpomous control(unit (ACU), or emergency communications control unit (ECCU), and
complying with thé\requirements contained in this standard, the Standard for Contrgl Units and
Accepsories fof Eire Alarm Systems, UL 864, or the Standard for General-Purpose [Signaling
Deviges and(Systems, UL 2017, shall be provided to prevent the other systems from interfering
with pr controlling the mass notification system.
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PERFORMANCE - OTHER TESTS

47 General

47.1 Products that meet the requirements of UL 60950-1 or UL 60065 are not required to be evaluated
to the following Sections: 50, 52, 60, 62, 63, 64, 65.4, 65.6, 65.7, 66, 67, and 72.1.

48 Power In

put/Output Characteristics Tests

48.1 The power input to an amplifier shall not exceed 110 percent of the marked rating while delivering
rated output power to the specified load or a resistive load of equivalent magnitude.

48.2 An amdifier shall deliver rated oufput power and voltage 1o a rated Toad when a sinus

minimum rat
amplifier whil

48.3 An amp
percent of ra
voltage and
frequency of

48.4 If the m
or higher tha

frequency ramges.

48.5 For the
(maximum di

49 Harmoni
49.1 Crosso

49.1.1 The ¢
when measu
of 1000 hertZ
the amplifier.

49.1.2 Durin
input and wh
simulated req

d input voltage and having a frequency of 1 kilohertz is applied to the input
e the amplifier is connected to a source of rated voltage.

lifier shall deliver not less than 60 nor more than 120 percent of ratéd output po
ed output voltage) over an 800 — 2800 hertz bandwidth. The ihput signal is 1
is to be constant over the range of signal frequencies, a$. established at
1 kilohertz.

anufacturer specifies a bandwidth for the product thatincludes frequencies I
h 2800 hertz, the product shall comply with the féquirement of 48.3 over thg
se tests, all operator-accessible gain controls are to be adjusted to impos
stortion) operating conditions on the system with regard to output (power) to th
C Distortion Test
ver

rossover distortion of an\amplifier rated for speech power shall not be greater th

ed at 1/10 power points (10 decibels down from rated power output) at a sig
. Measurements of-crossover distortion are to be made over the rated frequg

j the medsurement of crossover distortion, the amplifier is to be tested using
ile delivering to a rated load consisting of speakers or any combination of s
istivesloading of equivalent impedance.

bidal signal of
circuit of the

wer (80 —110
0 be at rated
a test signal

wer than 800
se additional

P worst case
e load.

an 7 percent,
nal frequency
ncy range of

a sine wave
bpeakers and
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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.

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 measurerrents are 10 be made within the appropriafe frequency range with the amplifi¢r adjusted to
deliver maximhum rated output and 10 decibels below the maximum rated output.

50 Electrical Ratings Test
50.1 Generdl
50.1.1 A low}voltage circuit of a product shall comply with the limits specified in 5.13.
50.2 Power jnput circuits

50.2.1 With fhe product energized from rated voltage and connected to maximum rated Ig

current of thg product shall not exceed the marked rating<ef the product when the produg
under all congitions of intended use.

ad, the input
t is operated

50.2.2 Wher
requirement |

e the operating voltage of a productis specified at two or more discrete values, the

h 50.2.1 shall be applied at each voltage rating.

50.2.3 Wher
a single valu
the range.

b the input to the product is specified as a DC voltage range, the input current 1
b that is equal to or greater:than the measured input current obtained at any

ating shall be
oltage within

50.3 Other éxternal circuits

50.3.1 All eX

wiring metho
any circuit sh

50.3.2 The {4

ternal circuits\shall be electrically rated to permit proper installation of the |
is permittéd-by the National Electrical Code, ANSI/NFPA 70. The actual meast
all not exceed the rating for that circuit.

broduct using
red values of

condition incl

under any condition of normal operation.

lectrical rating of a circuit shall indicate the maximum circuit voltage under any operating
mwmdeio product)

50.3.3 Where the circuit is not power limited as defined in the Class 2 and Class 3 Circuits Test, Section
52, and a circuit fault condition will cause a circuit current in excess of the normal current rating, either:

a) The maximum fault current shall be indicated or

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.
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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.

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) 11
input

c) 85
trans
seco

d) 84
input

51.3 In cond
stable potent

51.4 The red
installation w

51.5 The inc

51.6 In thos
separate sou
operation.

51.7 A prodl
charged batt
product with
product is in
charged cong
level of trans

0 percent of the marked rated nominal standby batiery voltage or rated Secor
voltage specified in Table 31.1. The primary input voltage is to be disconnects

percent of rated primary input voltage specified in Table 31.1 or atspmie low
er voltage as specified in 39.2.1 and 39.2.3. The standby battery,or, when prd
hdary power source shall be disconnected.

percent of the marked rated nominal standby battery voliage or rated secong
voltage specified in Table 31.1. The primary input voltage is to be disconnects

Licting the reduced voltage test, the voltage is to b@ reduced by a means that y
al of the required value under the most severe:conditions of normal loading.
ring diagram connected to all external circuit(s).

Feased voltage tests are to be madé-with zero line impedance in each externa
b cases where different components or units of a combination system obtai

rces, each source is to betindependently varied while the system is tested

ct intended to be~used with a standby battery shall have sufficient capacity
bry under all conditions of intended operation, including sufficient capacity 1
the battery_disconnected or fully discharged. In any operating mode other th
the alarm_condition, the battery charger shall be capable of maintaining the

er voltage as determined according to 39.2.1 — 39.2.5.

dary power
2d.

br level of
vided, a
ary power
bd.

ill maintain a

uced voltage tests are to be made with_the maximum line impedance as ingdlicated in the

| circuit.

h power from
or its normal

o maintain a

operate the
an when the
pattery in the

ition when the product input is at a maximum of 85 percent of rated voltage or at some lower

51.8 A charg

ed battery is defimedas a battery fraving the capacity to maintaim the product

in the normal

supervisory and alarm conditions for the time period required in the Charging Current Test, Section 55.

51.9 An amplifier shall deliver not less than 60 percent nor more than 170 percent of its rated output
power (80 — 130 percent of rated output voltage) when the power-supply input voltage is varied as

specified in 5

1.2. The 1 kilohertz signal described in 48.2 is not to be adjusted.
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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 General
52.1.1 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.

52.1.2 The gower source (or sources) supplying a Class 2 or 3 circuit shall be eitherlinharently limited
requiring no |overcurrent protection, or limited by a combination of a power source) andl overcurrent
protection deyices 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

Circult Inherently limited power source (overcurrent Not inherently limited powel source (overcurrent
protection not required) protection required)
Class 2 Class 3 Class 2 Class 3
Circuit voltage Vi ax 0-20 over 20 — | over 30 — f.'over 30 — 0-20 over 20 — | oyer 30 — | over 100 —
(volts)? 30 150 100 30 100 150
Power limitatios (VA)max - - - - 250bP 250 250 NA
(volt-amps)?@
Current limitatigns |ax 8.0 8.0 0.005 150/V nax 1000/Vimax | 1000/Viax | 1900/Vax 1.0
(amps)?
Maximum overgurrent - - - - 5.0 100/V max 1P0/V max 1.0
protection (amgs)
Power VA (volt- 5.0 X Vinax 100 0.005 x 100 5.0 X Vinax 100 100 100
source amps) Vimax
maximum Current 5.0 100/V max 0.005 100/V max 5.0 100/V max 1PO/V max 100/V ax
nameplate (amps)
ratings

Voltage ranges|shown are for ‘sinusoidal AC in indoor locations or where wet contact is not probable. For non-sirfusoidal or wet
contact conditigns, see note'c.

2 Vhax: Maximym outputwoltage regardless of load with rated input applied.
Imax: Maximunp oufput current under any noncapacitive load, including short-circuit, and with overcurrent protectjon bypassed,
when used. WHenna' transformer limits the output current, |, limits apply after one minute of operation. Where g current-limiting
impedance, listed for the purpose, or as part of a listed product, is used in combination with a nonpower-limited transformer or a
stored energy source, e.g., storage battery, to limit the output current, |, limits apply after 5 seconds.
VAnax: Maximum volt-ampere output after one minute of operation regardless of load and overcurrent protection bypassed, when
used. Current-limiting impedance shall not be bypassed when determining I,ax and VA ax.
b When the power source is a transformer, VA, is 350 or less where V. is 15 or less.
¢ For non-sinusoidal AC, V.« shall not be greater than 42.4 volts peak. Where wet contact (immersion not included) is probable,
Class 3 wiring methods shall be used, or V. shall not be greater than 15 volts for sinusoidal AC and 21.2 volts peak for non-
sinusoidal AC.
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Table 52.2

Power source limitations for direct-current,
Class 2 and Class 3 circuits

Circuit

Inherently limited power source? (overcurrent protection

not required)

Not inherently limited power source
(overcurrent protection required)

Class 2 Class 3 Class 2 Class 3
Circuit voltage V.« 0-20 over 20 — | over 30 — | over 60 — | over 60— | 0-20 over 20 — | over 60 — | over 100
(volts)® 30 60 150 100 60 100 - 150

Power limitations - - - - - 250° 250 250 NA
(VA)max (volt-amps)P
Current limitations Ip,qx 8.0 8.0 150/ Vmax 0.005 150/V yax 1000/ 1000/ 1000/ 1.0
(amps)b "IWEY__VTHEX Vmax
Maximum overgurrent - - - - - 5.0 100/ Vigax 1100/ Vax 1.0
protection (amgs)
Power VA (volt- | 5.0 x Vihax 100 100 0.005 x 100 5.0 X Vinax 100 100 100
source hmps) Vmax
maximum Gurrent 5.0 100/ Vinax | 100/ Viax 0.005 100/ Vinax 5.0 100/ Vinax |]1100/ Vinax | 100/ Vinax
nameplate Bmps)
ratings

Voltage ranges|shown are for continuous DC in indoor locations or where wet contact is hot'probable. For interrypted DC or
wet-contact corjditions, see note d.

Imax: Maximuny

¢ When the po

included) is pr
12.4 volts for

able, Class 3 wiring methods shall pe used, or V,,, shall not be greater than 30 volts for contin
that is interrupted at a rate of 10 to 200 Hz.

a A dry-cell batfery shall be considered an inherently limited power source, providéd the voltage is 30 volts or less and the
capacity is equgl to or less than that available from series connected No. 6 carbor) zinc cells.
Vmax: Maximum output voltage regardless of load with rated input applied.
output current under any noncapacitive load, including shert=circuit, and with overcurrent protect
when used. WHen a transformer limits the output current, I, limits apply. after 1 minute of operation. Where a ¢
impedance, listpd for the purpose or as part of a listed product, is.used’'in combination with a nonpower-limited tfansformer or
stored energy qource, e.g., storage battery, to limit the output current, 1,,,x limits apply after 5 seconds.
VAnax: Maximum volt-ampere output after one minute of operation regardless of load and overcurrent protectior
used. Current-limited impedance shall not be bypassed when~determining I« and VA .
er source is a transformer, (VA)nax is 360 or less where Vi, is 15 or less.

d For DC interl$/3ted at a rate of 120 to 20 Hz, V45 shall not be greater than 24.8 volts. Where wet contact (imnjersion not

on bypassed,
birrent-limiting

bypassed, when

lous DC and

52.1.3 Relative to 52.1.2, acceptable means for current limiting include:

a) Transformer winding impedance,

b) Thermal link;embedded within the winding overwrap of a transformer,

¢) Circuit components (resistors, regulators, transistors, and similar devices) which

the t¢mperature test under |5, condition, and

comply with

d) Suitable current-limiting impedances (positive temperature coefficient varistor, and the like).

52.1.4 Relative to 52.1.2, the following are not acceptable means of current-limiting:

a) Circuit component burnout;

b) Permanent or replaceable fuses;

c) Opening of conductors on printed-wiring boards; and
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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 |,,ax 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.

52.1.7 Where the product contains a float battery charger, Viax, Imax, @nd VAnax 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 Vi Inmaxs @nd VAnax are to be

conducted w
product ener
largest capag

52.1.8 The lIpads referenced in 52.2.1 — 52.4.1 shall be resistive.

52.2 Maximym voltage

52.2.1 With
circuit under
conditions. T
the product
energized so
Vihax value
requirements

th the product Tirst energized only from the AT power source and then repe
jized solely from the battery. The battery used during these measurements-i
ity as specified in the manufacturer’s installation document.

he product energized only from its rated primary powef_source, the output
est is to be measured while the circuit is connectedto¢full rated load and undg
ne maximum voltage recorded under these two conditions is to be considered
ncorporates a secondary source of supply, the test is to be repeated with
ely from the secondary power source and withthe primary power source discg
bbtained from each power source is to.be considered separately when
of Table 52.1 or 52.2.

52.3 Maxim

52.3.1 Inor

m current

r to determine compliance with the I, limitation, a variable load resistor initia

rated current|is to be connected across.the circuit. The current through the load resistor i
and the load|removed. The resistance) of the load shall then be incrementally decreased
reconnected pcross the circuit while noting the current, and then removed. The method is 1(
until a short-¢ircuit condition is-ebtained. The load resistor is then to be readjusted to a val
producing and maintaining & cufrent equal to the maximum permitted in Tables 52.1 and 5
resistor is thgn to be connegcted to the circuit and the current through the load resistor mea
minute or aft¢r 5 secorids*as determined from Table 52.1 or 52.2.

52.3.2 The maximtm current measurement is to be the rms value for circuits that a

hted with the
5 to have the

oltage of the
r open circuit
Vinax- Where

the product
nnected. The

applying the

ly set to draw
5 to be noted
momentarily

be repeated
e capable of
P.2. The load
sured after 1

re constantly
period starts

energized anflithepeak value for circuits that pulse the output. The measurement of the timg
when the ou fSimit i i iffred 3 ' itthe current is
continuously below the I, value indicated in Table 52.1 or 52.2. The time period is to include any
momentary period where the output current temporarily drops below the required I, value limit.

52.3.3 Where a transformer limits the value of I,,55, and when |, cannot be maintained for 1 minute due
to transformer burnout, a plot of current versus time is to be generated and the graph extrapolated to 1
minute. The results satisfy the requirement of the test when the extrapolated value of I, at 1 minute
does not exceed the |, limitations as indicated in Tables 52.1 or 52.2.
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52.3.4 Where a transformer does not limit the current of |54, 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 I, value indicated in Table 52.1 or 52.2. The
results are in compliance when the |5, value stated in Table 52.1 or 52.2 cannot be maintained for more
than 5 seconds.

52.4 VA ax (not inherently limited circuits only)
52.4.1 In order to determine VAo« 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 Toad is then 10 be incrementally decreased, momentarily reconnected acr

J“

while recordi
resistance hg
output under
which produg
the voltage a
volt-ampere (

as appropriate.

53 Compati

53.1 General

53.1.1 The i
operating as
or injury to ps

53.1.2 The nequirements in 53.1.1 apply to“products connected to or providing circuits

53.2.1.1 — 5]
action.

53.2 Notification appliance circuits (NAC)

53.2.1 Ratin

53.2.1.1 All
designations

Exception: (

g the voltage and current, and then removed. This procedure is to be repeaté
s been reduced to a short circuit. Using the recorded voltage and curreni, th
each load condition is to be calculated. The load resistor is then to bejadjusted
ed the maximum volt-ampere calculated and then connected to the, Circuit. A
nd current are again to be measured. The results of this test are’ acceptable if 1
utput of the circuit after 1 minute does not exceed the value-specified in Table

pility Tests

hterconnection of the product with other.devices shall be evaluated for th
b coordinated system relative to the intended signaling and without risk of fire,
Brsons.

.5.2.3, and by which the operating parts of the product are actuated for sig

)

notification 2appliance circuits of a product shall be identified by at least one
shown injTable 53.1.

ss the circuit

d| until the load

!

volt-ampere
to that value
ter 1 minute,
he calculated
52.1 or 52.2,

b purpose of
lectric shock,

described in
naling and/or

of the rating

Ut parameters

Dutpurt circuits intended to be connected to speakers shall comply with the outp

ration Test.

specified in S ;

y ’

53.2.1.2 NAC circuits that employ integral signaling schemes, or that connect to separate devices (e.g.
synchronization modules) employing signaling schemes, to synchronize, to activate and deactivate
subsets of the appliances on a NAC, or to change the output (e.g. color or tone) of appliances, shall be
evaluated as special applications when assembled in a system with those devices/appliances. This does
not preclude these circuits from also being evaluated and marked as regulated circuits when used with
other devices/appliances that do not require these signaling schemes.
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53.2.1.3 Providing multiple ratings on a NAC is permissible as long as one of the ratings is a regulated

rating to meet the requirements 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

Redulated 240 AC AC 192 — 264

Spdcial application Any Rated

53.2.2 Voltage measurement test

53.2.2.1 While the product is energized at the voltage extremes described in the Var
Operation Tgst, Section 51, the voltage of the circuit shall be maintained\within the voltag
shown in Tahle 53.1, under the load conditions indicated in Table 53.2.for circuits rated “regulated”, and

Table 53.3 fgr circuits rated “special application”.

Exception: |Products with notification appliance circuits inténded for connection to a
repetitive pulsing load are not required to be subjected to Condition 4 in Table 53.2 and C

able Voltage
b range limits

synchronized
bndition 3B in

Table 53.3.
Table 53.2
Regulated"NAC circuits
Condition Magnitude Duration Frequency Required circuit
voltage
1 (non-pulsing foad) Minimum circuit rating Continuous Continuous Rated RMS value
2 (non-pulsing |oad) Maximum circuit’rating Continuous Continuous Rated RMS value
3 (synchronizged Impedance load equal to 5 times the 16.7 milliseconds 2 hertz Rated RMS value
repetitive pulding maxinium: circuit rating dufing individual
load) application of surge
mpedance

Table 53.2 Continued on Next Page
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Table 53.2 Continued

synchronizgd
repetitive pulding
load)

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

Condition Magnitude Duration Frequency Required circuit
voltage
4 (non- Impedance load equal to the maximum Continuous Continuous Rated RMS value
synchronized circuit rating plus the greater of the
repetitive pulsing following currents:
load)
a) A value equal to 1.5 times
the maximum single
notification appliance
operating RMS current rating
specified to be connected to
l; 1< bilbuil.
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.
Table 53.3
Special application NAC gircuits
Condition Magnitude Duration Frequency Regjuired circuit
voltage
1 (non-pulsing |oad) | Minimum circuit rating Continuous Continuous Ratpd RMS value
2 (non-pulsing |oad) | Maximum circuit rating Continuous Continuous Ratpd RMS value
3A (synchronged Impedance load equal to the maximum See note (1) 2 hertz Rated RMS value
repetitive pulding | peak of the repetitive surge eurrent of dufing individual
load) the notification appliancemultiplied by appl|cation of surge
the specified maximum(number of mpedance
corresponding notification appliance to
be used on the circuit.
3B (non- Impedance load equal to the maximum Continuous Continuous Rated RMS value

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.

Table 53.3 Continued on Next Page


https://ulnorm.com/api/?name=UL 2572 2018.pdf

MARCH 28, 2016

MASS NOTIFICATION SYSTEMS - UL 2572

127

Table 53.3 Continued

Condition Magnitude Duration Frequency Required circuit
voltage
4 Connected to the maximum specified See note (2) See note (2) See note (2)
number of the notification appliance to
be used on the circuit.
NOTES

1) Surge current time frame window specified by the manufacturer of the special application notification appliance.

2) The combination of product and notification appliance shall comply with the Signal Strength and Format Test in the Standard
for Signaling Devices 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 for
Fire Alarm and Signaling Systems, Including Accessories, UL 464, as applicable.

53.2.2.2 The

circuit voltage shall additionally be maintained within the voltage range limits sblxown in Table

53.1 for Conflitions 2 and 4 in Table 53.2 and Conditions 2, 3B, and 4 in Table 533 when maximum

specified ling|

53.2.2.3 Pro
information s

a) C
b) C
c) C

d) C

loss calculations are utilized.

bndition 3 in Table 53.2;
bndition 3A in Table 53.3;

bndition B in Table 53.4; or

bndition A2 or B2 in Table 53.5.

Table 53.4

Regulated NAC circuits) — surge current immunity loading

ducts not intended for use with synchronized appliances and|eémploying the additional
becified in 82.6(d) are not required to be subjected to:

NAC circuit.

Condition Magnitude Duration Freqyency
A (initial surg¢ current load) Impedance [oad equal to 10 16.7 milliseconds Once pdr minute
times the\current rating for the
NAC circuit.
B (repetitive purge current Impedance load equal to 5 16.7 milliseconds 2 hertz
logd) times the current rating for the
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Special application NAC circuits — surge current immunity loading

Table 53.5

Condition

Magnitude

Duration

Frequency

Cycles

A1 (initial surge current
load)

Impedance load equal
to the maximum peak of
the initial surge current
multiplied by the
specified maximum
number of
corresponding
notification appliance to
be used on the circuit.

See note (a)

Once per minute

50

A2 (repetitivd surge
current lopd)

Impedance Toad equal
to the maximum peak of
the repetitive surge
current multiplied by the
specified maximum
number of
corresponding
notification appliance to
be used on circuit.

See nole (a)

2 hertz

50

B1 (initial surgg current
load)

Connected to the
maximum specified
number of the
notification appliance to
be used on the circuit.

Circuit cycled into the
alarm condition for 5
seconds

Once\per minute

50

B2 (repetitivd surge
current lopd)

Connected to the
maximum specified
number of the
notification appliance to
be used on the circuit.

Circuit activated‘in
alarm condition for 15
minutes

n/a

n/a

a Surge curren time frame window specified by the manufacturer of the special application notification appliance

53.2.2.4 For|circuits rated as “special application”, the loads specified in Conditions 1 and

2, and either

3(A and B) gr 4, in Table 53.3 shall be applied. The test shall be repeated for each modgl notification
appliance spegcified in the installationinstructions.

53.2.2.5 Refer to 82.6(d) forcthe required rating information to be included in the instgllation wiring

diagram/instrpctions.
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53.2.3 Surge current immunity

53.2.3.1 While the product is energized from a source of supply in accordance with Table 31.1, the

product shall

operate as intended and:

a) Not falsely annunciate alarms or troubles;

b) Not reset during an alarm condition;

¢) Not cause product failure; and

d) Not cause overcurrent or current-limiting devices to operate,

when each n

53.2.3.2 Ead
with a series
between con

50 percent on-/off-duty cycle, for a total of 15 minutes. During this test, the\product shall be

alarm conditi

ptification appliance circuit is subjected to the tests described in 53.2.3.2 58,

connected relay contact. The relay contact shall be unflashed silver‘with a min
acts of 2 millimeters. The relay shall be operated at a rate of 10 cycles per s

bn and connected to maximum rated load(s) with the load of-the circuit under

to a 0.6 pow

53.2.3.3 Ea
of each of th

53.2.34 An
53.1 shall be
The test shal

53.4 Power

53.4.1 A cirg
identified in t
output shall ¢
shall comply

53.4.2 The g
load, or a mi
and while the
secondary oy

r factor.

circuit designated “regulated” as indicated in Table’53.1 shall be subjected
resistive loads specified in Table 53.4.

ptification appliance circuit that is designatéd as “special application” as indic
connected to the loads indicated in either-=Condition A(1 and 2) or B(1 and 2)
be repeated for each model notification appliance specified in the installatior

putput circuits

uit of a product that supplies only operating power to other system prod
he installation instructions’as being a regulated or a special application outpu
pomply with 53.4.2 — 53.4.4 and shall have a single voltage rating. A special appl
with 53.4.5 and 53.4.6.

utput voltagéerof a regulated circuit shall not exceed 110 percent of rated vol
nimum logd-specified by the manufacturer, is connected to all output circuits ¢
primary operating input voltage to the product is adjusted to 110 percent of rat
erating power to the product is to be connected during this test.

2.3.4.

h circuit shall be subjected to electrical noise created by the momentary opening of the circuit

imum air gap
econd, with a
placed in the
test adjusted

to fifty cycles

ated in Table
n Table 53.5.
instructions.

icts shall be
. A regulated
ication output

age when no
f the product
bd value. Any

53.4.3 The o

utput-vottage of @ Tegutated tircuit statt ot betesstharm 85 percentof Tated

oltage when

the input operating voltage to the product is adjusted to 85 percent of rated value or to 1 V above the
low-voltage level transfer voltage as determined in accordance with 39.2.3, whichever is less. During this
test, any secondary operating power to the product shall be disconnected, all circuits of the product shall
be connected to maximum rated load (as determined at rated input voltage), and with maximum line
resistance connected to the circuit under test.
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53.4.4 For products using a standby battery, the same regulation (85 — 110 percent of rating) shall be
maintained at the regulated output circuit with the AC power disconnected and when the battery voltage
is varied between 85 — 110 percent of the nominal marked battery rating, under the circuit load conditions
described in 53.4.2 and 53.4.3, respectively.

53.4.5 A power output circuit that has a voltage deviation greater than permitted in 53.4.2 — 53.4.4 shall
be identified in the installation instructions as “special application”. In addition, the installation 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 Ig
resistance). T
tested during

53.5 Signali
53.5.1 Gene

53.5.1.1 The
of a control U
complying w
Including Acq
Systems, Inc

pd condition (full or minimum circuit and product [oad, and zero or maximu
he operating limits of an appliance are the voltage range over which the applia
the tests in Sections 32 — 46, and the Variable Voltage Operation Test; 'Secti
hg line circuit (SLC)

[al

overall combination of control unit and device(s) connected to the signaling line
nit shall comply with the requirements for the device (for examples, notificatig
th the Standard for Audible Signaling Devices¢for’ Fire Alarm and Signal

uding Accessories, UL 1638, or the Standardfor'Signaling Devices for the Hea

UL 1971; apd equipment complying with UL 2572){Zwhich transmit a signal to the

representativ

53.5.1.2 In

energized as
connected to
circuit loadin

b of the sensor portion of the device andfor are addressable.

prder to determine compliance with 53.5.1.1, the control unit shall be co
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, and the maximum line\résistance, capacitance and inductance represer

Im series line
nce has been
bn 51.

circuit (SLC)
n appliances
ng Systems,

essories, UL 464, the Standard for Visible Signaling Devices for Fire Alarm and Signaling

ing Impaired,
control unit

nfigured and
bvice is to be
of equivalent
tative of the

signaling ling circuit field wiring shall be connected between the device and the confrol unit. The

combination
53.5.2.3.

control unit and devige shall then be subjected to the applicable requirements

of 53.5.2.1 —
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53.5.2 Alarm and/or trouble threshold limits

53.5.2.1 The alarm and/or trouble limits determined by the control unit for a device shall comply with the
requirements for the device (for examples, see 53.5.1.1). The limits shall be adjusted to include any
tolerances of the control unit in the processing and interpretation of signals from the device.

53.5.2.2 Field programming of alarm and/or trouble limits outside of the values determined by 53.5.2.1
are prohibited. Where the limits for a specific device vary for each application, the user shall be either:

a) Required to select the application prior to choosing alarm or trouble limits, where any field
selectable limits are applicable for the application or

b) leted o selecting alarm and/or frouble values o the most restriciive of the cofnbined
rangeés for the various applications.

53.5.2.3 In grder to determine compliance with 53.5.2.1, the alarm and troublecvaltes pfocessed and
interpreted by the control unit shall be compared to corresponding known signals transmitted from the
device while the product/device combination is subjected to the following tests:

a) The Variable Voltage Operation Test, Section 51;

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 Componént Temperature Test

54.1 A proddct, when operated under any normal condition of intended use and at maximum rated load,
shall not reagh a temperature atany point high enough to:

a) Result in a rigkvof fire or electric shock;
b) Agversely affect any materials in the product; or

c) Exceeed the temperature rises at specific points as specified in Tables 54.1 and p4.2.

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.
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Table 54.1
Maximum temperature rises — electronic components
Component or device Normal standby (i.e. any long Alarm condition (i.e. short term operating condition of
term emergency condition of emergency signaling),
operation or any non-emergency
operating condition),
°F ) °F C)
A. COMPONENTS
1. Capacitors? 45 (25) 72 (40)
2. ResistorsP
Carbon 45 (25) 20 (50)
Wirg=wourd 90 (50) 225 (125)
Othgr 45 (25) 90 (50)
B. SOLID-STATE DEVICES See note (c)
2 In lieu of complying with these temperature limits, a component shall meet the derating parameters-speeified in| Table 44.1 or
the component|reliability assessment specified in 44.2, Exception No. 1 (b) or (c).
b In lieu of complying with these temperature limits, a resistor shall not dissipate more than one<half of its maxim{im power
rating under th¢ test conditions specified or component reliability data based on actual performantCe in a similar gpplication, or

the Military Han
to or less than
¢ The temperat
1) Not ex

a)5

norr|

b) 7

alar

com

For refers

50 percery

2) Not ex
following:

a) F

(sug

b) A

of 1

c) E

tem

(49°

d) g

Reli

milli

dbook, Electronic Reliability Design Handbook, MIL-HDBK-338, or equivalentSuch that the failurf
D.5 failures per million hours of operation.

lire of a solid-state device (such as a transistor, SCR, or integrated circuit) shall comply with one
eed the temperature limits specified in both (a) and (b):

b rate is equal

bf the following:

D percent of its rated junction temperature, or storage temperdture’when not rated for junction temperature, during the

hal standby condition and during any non-fire or emergency,signaling condition.

b percent of its rated junction temperature, or storage temperature when not rated for junction temperature, under the

n condition or any other short term condition of operation which produces the maximum temperat
ponent.

nce purposes, 32°F (0°C) shall be determined as\0 percent. For integrated circuits, the loading faj

t of its rating under the normal standby condifion and 75 percent under any condition of operatior].

eed 100 percent of its rating under any condition of normal use and the component is subjected

br integrated circuits the componenteemplies with the requirements of MIL-STD 883H. For all oth
h as diodes, transistors, SCR’s,\LUEBs) the component complies with the requirements of MIL-STIl
quality control program established by the manufacturer consisting of inspection and testing of al
DO percent of components,either on an individual basis, as part of an assembly, or the equivalent|
ach assembled produetion®unit is subjected to a burn-in test under the condition which results in t
eratures for 24 hoursy-while connected to a source of rated voltage and frequency in an ambient
C), followed by an ‘eperation test for normal signaling performances.

lomponent reliability data based on actual performance in a similar application, or the Military Han
hbility Desigii,Handbook, MIL-HDBK-338" or equivalent, such that the failure rate is equal to or le
bn hours, ef-Operation.

Lre dissipation of the
ctor shall not exceed
o one of the

er solid state devices
-750F.

pertinent parameters

he maximum
of at least 120°F

Hbook “Electronic
s than 0.5 failures per
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Table 54.2

Maximum temperature rises — materials and component parts

malfunction is dapable-of.fesulting in a risk of fire, electric shock, injury to persons
or risk from eleftrical-energy/high-current levels@.

13. Insulated cpnductors, appliance wiring material

see note b

14. Sealing compound
15. Printed-wiring board

72°F (22°C) less than melting point

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 as electrical insulation 117 (65)
4. Wood and siga# i Fiat 7 (65)
5. Any point onfor within a terminal box on a permanently wired unit (see 81.1.8) 117 (65)
6. A surface upon which a permanently wired unit is mounted in service, and 117 (65)
surfaces that afe adjacent to the unit when it is so mounted
7. Enclosure syrfaces:
a) Surfgces subject to contact during intended use or maintenance:
etallic 68 (35)
Nonmetallic 108 (60)
b) Othef surfaces:
etallic 81 (45)
Nonmetallic 126 (70)
8. Class 105 (fprmerly Class A) insulation systems on windings of relays, soleqoids,
magnets, and gimilar parts
Thermagcouple method 117 (65)
Resistahce method 153 (85)
9. Class 130 (fprmerly Class B) insulation systems on windings_of relays, solenoids,
magnets, transformers, and similar parts:
Thermagcouple method 153 (85)
Resistahce method 189 (105)
10. Class 155 ipsulation systems on windings of relays, solenoids, magnets,
transformers, ahd similar parts
Thermgcouple method 198 (110)
Resistahce method 216 (120)
11. Class 180 ipsulation systems on,windings of relays, solenoids, magnets,
transformers, ahd similar parts
Thermgcouple method 225 (125)
Resistahce method 243 (135)
12. Phenolic cdmpositiori used as electrical insulation or as a part whose 225 (125)

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 investigated and determined to meet the requirements for use at higher temperatures.

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
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of the equipment is to be made with the higher ambient temperature, and the allowable temperature rises
specified in Tables 54.1 and 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 product shall be connected to a supply circuit of rated voltage. A product having a single frequency
rating is to be tested at that frequency. A product rated AC/DC or DC — 60 hertz is to be tested at both

direct curren
tested on 50+

54.5 A prody
at each supp|

and 60-heriz alternating current. A product rated 25 — 60 hertz or 50 — 60
hertz alternating current.

ct that is rated for use at more than one voltage or for a range of voltages s
y voltage.

hertz is to be

hall be tested

54.6 A prodyct that is rated for use at more than one voltage, or a range of voltages, afd contains a

tapped transt
most unfavor|

Exception:
when the pro

54.7 For the
mm?2) and no

ormer or other means of being adapted to different supply‘wvoltages shall be
Able combination of supply voltage and voltage adjustment.

The product is to be tested while connected according to the manufacturer
duct is marked according to 81.1.20.

purpose of prescreening, thermocouples consisting of wires not larger than 2
smaller than 30 AWG (0.05 mm?2), and_an" infrared temperature probe or the e

not prohibited from being employed to identify those' components and/or materials in whic

with 54.1 is g

uestionable and, therefore, requiring the measurements indicated in 54.8.

54.8 Temperatures are to be measured by thermocouples except the change-of-resistance

be used for (
(for example,
more than twj

54.9 Whene
of 30 AWG ((
thermocoupl
Thermocoupl
Standardized

oil and winding temperatures where the coil is inaccessible for mounting of th
a coil immersed in sealing compound) or where the coil wrap includes therma
p layers [1/32 inch (8.8 mm) maximum in total thickness] of cotton, paper, rayd

er temperature measurements by thermocouples are necessary, thermocoup
.05 mm?) iroh.and constantan wire and a potentiometer-type instrument are to
b wire is_to conform with the requirements in the Initial Calibration Tg

-

Thermocouples, ANSI/ASTM E230/E230M.

tested at the

s instructions

4 AWG (0.21
Quivalent, are
h compliance

method shall
ermocouples
insulation or
n, or the like.

es consisting
be used. The
lerances for

s table in Standard Specification and Temperature-Electromotive Force (enpf) Tables for

54.10 The t

mperature of & Copper coit winding s determined by the change-im-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:
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in which:

7

R
T(234.5 + 1) - 2345

T is the temperature to be determined in degrees C;

R is

rist

tis t

5411 As it i
shutdown is

quickly as pgssible after the instant of shutdown. A curve of the resistance values and the

plotted and

5412 Theci
for the maxi

54.13 Comp
conditions:

a) N
or an

a dis

b) A
signg
rated

54.14 A tem
10 percent of
change.

bnent temperature is to be determined While the product is operated under

brmal supervisory condition (i.e. any long term fire or smoke control condition
y non-fire or non-emergency operating condition) until constant temperatures
product is intended to charge standby batteries, this test shall be conducted while ¢
charged battery (as defined in 55.2.1 — 55.2.5).

perature-is.determined to be constant when three successive readings taken

fnrminnrl;

e resistance in ohms at the known temperature; and
e known temperature in degrees C.

generally necessary to de-energize the winding before measuting R, the
be determined by taking several resistance measurements at’short intervals,

trapolated to give the value of R at shutdown.

cuit of a current-regulating resistor or reactor provided as part of a product is t
um resistance or reactance at rated load.

larm condition (i.e.<any short term operating condition of fire, smoke control, of

ling which produces the maximum component temperature dissipation) under
load conditions-until constant temperatures occur.

the previously elapsed duration of the test, but not less than 5-minute interval

alue of R at
beginning as
time is to be

b be adjusted

the following

bf operation
bceurs. If the
onnected to

emergency
maximum

bt intervals of
5, indicate no

54.15 In a product having provision for multiple zones, all initiating circuits shall be actuated during the
alarm condition.

54.16 A product which is intended to provide coded impulse signals is to be operated by a testing device,
such as a timer switch, at a rate of 120 impulses per minute; except that, if the signal impulses are
produced normally by a device which is a part of the product, the test impulses are to be at the maximum
rate permitted by the design.
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54.17 When a time-limit cutout is provided as part of the product, and is not intended to limit the time of
alarm-signal operation, it is to be shunted out of the circuit for the duration of the test.

55 Charging Current Test

55.1 Genera

55.1.1 This test is to be conducted in conjunction with the Component Temperature Test, Section 54, on
products provided with standby batteries.

55.2 Discharged battery

55.2.1 The términal voltage of a battery discharged as specified in 55.2.2 — 55.2.5 shall no

85 percent of

55.2.2 The H
which the prag
be disconned

55.2.3 The K
output for the

a) 4
autor]

b) 24
c) A
55.2.4 For p
period, the n

supervisory {
products whi

which draw more operating current when signaling then while in the quiescent mode, the ng

load shall be
supervisory g

55.2.5 At thg
capacity to s
for the applic

the marked nominal battery voltage.

attery is first to be charged by applying AC input power to the product for 48
duct is to be operated continuously with normal standby load connected. AC in
ted, and terminal voltage of the battery is to be measured one minute after dis

attery is then to be discharged by maintaining the normal~standby load con
applicable period specified in (a), (b) or (c):

hours, where secondary (standby) power is intended-to be used in conjunctior
natic-starting engine-driven generator;

| hours;
longer than 24-hour period as described in the installation document of the pr
roducts which normally have noyjstatus change signaling operations during t

brmal standby load shall be-the quiescent current of the product plus any spe
ower supply loads not autormatically disconnected upon transfer to seconda

a steady state loadiequal to the signaling current of the product plus any spd
ower supply loads’not automatically disconnected upon transfer to secondary

conclusioh-of the normal standby discharge period, the secondary source s
Istain the)full alarm load using the input signal defined in the Endurance and
hble equipment and time period specified in (a) — (c):

be less than

hours, during
put is then to
connection.

hected to the

with an

bduct; or

he discharge
cified normal
y power. For

th will normally have status-change signaling occurring throughout the discharge period and

rmal standby
cified normal
power.

hall have the
Dverload test

a) P

oducts operatingatarm notificatiomappltiances usedfor retocation 7 evacuatior

shall have

the maximum rated alarm load applied for 15 minutes or any longer period as described in the

instal

lation document of the product.

b) Products supporting textual appliances shall have sufficient secondary power to operate for a
minimum of two hours of continued display time.

¢) An HPSA system shall be subjected to 60 minutes of maximum evacuation alarm load.
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55.3 Charged battery

55.3.1 The terminal voltage of a battery charged as specified in 55.3.2 shall be at least 95 percent of the
voltage measured in 55.2.2.

55.3.2 At the conclusion of the test sequence described in 55.2.2 — 55.2.5, AC input power is to be
reapplied to the product for 48 hours. During charging, the product is to be operated continuously 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 Thet
voltage after
specified in 5

brminal voltage of a battery shall not be Tess than 85 percent of the marked nd
the battery has been discharged as specified in 55.2.3 and 55.2.5 followihg
5.3.2.

minal battery
charging as

56 Variable |Ambient Temperature and Humidity Tests

56.1 General

56.1.1 A pragduct shall operate in the intended manner for all conditions of intended ugde at the test
ambient condlitions specified in 56.2.1 — 56.4.2. For amplifiers, jimtnediately 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 mgximum and minimum frequencies of the bandwidth:

Exception:
humidity test

a) T

b) Tl

56.1.2 The U
maximum rat

Test ambients of 55 +3°F (13 £2°C) and 95 %3°F (35 £2°C) are permitted to be

is not required to be conducted when all\the following conditions are met:
ne installation instructions indicate:

1) That the equipment is\to be installed in an environment constantly main
between the ambient cohditions indicated above and

2) The heating and cooling systems for the controlled environment are sup
standby power-saurce capable of sustaining the systems for a minimum st
24 hours.

ne equipnient is marked with the ambient temperature limitations.

nit iS\to be energized from a source of rated voltage and frequency, and
ed load as described in 31.2.2.

used and the

fained

plied by a
ndby time of

connected to

56.1.3 Where 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 conducted with the unit energized at the voltage where the unit
consumes the maximum power.
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56.2 Low temperature test

56.2.1 An indoor dry product (intended for indoor use/dry locations) shall operate as intended following
exposure to air at the lower of the following temperatures:

a) 32 +3°F (0 +2°C) or

b) The lowest ambient operating temperature specified in the product's marking.

56.2.2 The unit is to be maintained in the normal supervisory condition at the test ambient until thermal
equilibrium has been reached (4 hours minimum).

56.2.3 Anin
as intended
consists of a
humidity to th
of 77 £9°F at
per minute.

56.2.4 An outdoor damp and wet product (intended for outdoor use, in“damp or wet lo
tended following exposure to 20 cycles of temperature and humidity cycling. A
5 of a change from an ambient of 77 £9°F (25 £5°C)~at a humidity of 95 +2 pe

operate as in
cycle consist
humidity to th
temperature
+1.8°F (2 +1

loOr damp and wet product (Intended for Indoor use In damp or wet locations)

a humidity of 95 percent relative humidity. The rate of change shall\be 3.6 +1

e lower of the temperatures indicated in (a) or (b)for‘a period of 30 minutes,
bf 77 £9°F at a humidity of 95 £2 percent relative humidity. The rate of chang
C) per minute.

a)

56.2.5 For th
environments
and humidity
the product is

]
by T

nus 40 £3°F (minus 40 +2°C) or
e lowest ambient operating temperature specified in the product’s marking.

e test method, the product is(to"be placed in a position of intended use in an

to be operated for all econditions of intended use.

ollowing exposure to 20 cycles of temperature and humidity cycling. A_temp
change from a temperature of 77 +9°F (25 £5°C) at a humidity of 95y+2 psg
e lower temperature indicated in 56.2.1 for a period of 30 minutes, and\back to @ temperature

| chamber. The environmental chamber is to be maintained at the appropriate
indicated in 56.2.2 — 56.2.4. At the completion of the exposure, while at the low

shall operate
erature cycle
rcent relative

8°F (2 £1°C)

cations) shall
temperature
rcent relative
and back to a
b shall be 3.6

ir-circulating
temperature
temperature,
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56.3 High te

mperature test

56.3.1 An indoor dry product (intended for indoor use/dry locations) shall operate as intended following
exposure to air at the higher of the following temperatures:

a) 120 +3°F (49 +2°C) or

b) The highest ambient operating temperature specified in the product’s marking.

56.3.2 The unit is to be maintained in the normal supervisory condition at the test ambient until thermal
equilibrium has been reached (4 hours minimum).

56.3.3 Anin
as intended
consists of a

humidity to tfhe higher temperature indicated in 56.3.1 for a period of 30 minutés, ar

temperature
+1.8°F (2 %1

56.3.4 An outdoor damp and wet product (intended for outdoor use, in“damp or wet lo

operate as in
cycle consist
humidity to t
temperature
+1.8°F (2 +1

|

a) 14

b) The highest ambient operating temperature specified in the product’s marking.

56.3.5 For th
environments
and humidity
maintained ir
or until const

foor damp and wet product (infended for indoor use In damp or wet ocations)
ollowing exposure to 20 cycles of temperature and humidity cycling. A_temp
change from a temperature of 77 +9°F (25 £5°C) at a humidity of 95y+2 psg

bf 77 £9°F at a humidity of 95 £2 percent relative humidity. The rate, of chang
C) per minute.

tended following exposure to 20 cycles of temperature and humidity cycling. A
5 of a change from an ambient of 77 £9°F (25 £5°C)~at a humidity of 95 +2 pe

pf 77 £9°F at a humidity of 95 £2 percent relative humidity. The rate of chang
C) per minute.

1 +£3°F (66 +2°C) or

e test method, the product is(to"be placed in a position of intended use in an
| chamber. The environmental chamber is to be maintained at the appropriate
as indicated in 56.3.1 —\56.3.4. While in the high temperature test ambient, thq
each condition of intended use, other than normal supervisory, for a minimum
bnt temperature of\tS parts is reached.

shall operate
erature cycle
rcent relative
d back to a
b shall be 3.6

cations) shall
temperature
rcent relative

ne higher of the temperatures indicated below fef) a’period of 30 minutes, and back to a

b shall be 3.6

ir-circulating
temperature
unit shall be
of two hours
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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
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 Produgts supplied from commercial AC power systems

57.1.1 A profluct that obtains power from commercial AC power systems shall-not show ma
a fire or risk ¢f electrical shock and shall be capable of operating as intended after being sy

cycles of ala
115 percent ¢
from the pro

consist of stafting with the product energized in the normal superyis@ry condition, actuating f

returning to t
the compone

57.1.2 Rateg
the product f

loads that have been determined to be equivalent. Where an equivalent load is used

consisting of
loads are est
which the inp

57.1.3 For d
the required
applicable po
current test

required indu
be equal to t

m signal operation at a rate of not more than 15 cycles per minute with the su
juct’'s power supply shall be connected as described, in 57.1.2 — 57.1.5. Eagd
ne normal supervisory condition. There shall be ng)éléctrical or mechanical fai
hts of the product.

ower supply. The loads shall be those “"devices normally intended for conne
an inductive load, the applicable power factor indicated in 57.1.4 is to be usg
hblished initially with the productconnected to rated supply voltage and freque
ut supply voltage is raised te (115 percent of rating.

rect current loads, an inductive load that has been determined to be equivalg
direct current resistance for the test current and the inductance (calibrated)

wer factor indicated\in 57.1.4 when connected to a 60-hertz potential equal to th

ctance, the A€ current measured with the load connected to an alternating curn
ne rated BC-current multiplied by the applicable power factor indicated in 57.1

57.1.4 Foro
The power f
specified for
used for all o

tput €ircuits intended for connection to notification appliances, the power factor

nifestation of
bjected to 50
pply circuit at

f rated voltage, and at rated frequency. During the cyclingcoutput circuits that receive energy

h cycle shall
or alarm, and
ure of any of

loads are to be connected to those output’circuits of the product that are efergized from

ction or other
for a device
ed. The rated
ncy, following

ent is to have
to obtain the
e rated direct

oltage. When (the“inductive load has both the required direct current resistance and the

ent circuit will
4,

is to be 0.60.
n a circuit is

ctorvof a motor load is to be 0.40 to simulate locked rotor conditions. Whdg

ther applications.

f 1.0 is to be

57.1.5 Unless the device controlling a motor circuit has a horsepower rating, it is to be tested with the
motor stalled.
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57.1.6 A product for use with a grounded supply circuit is to be tested with the enclosure and all other
normally grounded parts connected through a 15-ampere fuse to the grounding conductor 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:
percent and

a) A
b) A

57.2.2 Thet
source of ratg

57.2.3 Forc
The power fa
circuit is speq
for use with r
the power fag

57.3 Battery] charger transfer mechanism

57.3.1 A pro
battery charg
subjected to
currents:

:

\.

a) 1
b) O
conn
Test,

his requirement does not apply when the circuit controlled has a power facto
he integral operating device employs the following ratings:

horsepower rating (evaluated on the basis of the ampere equivalent), or
current rating of not less than 200 percent of the maximum load)|current.

bst loads shall be set at 150 percent of rated current while‘eonnected to a se
bd voltage and frequency at the applicable power factor indicated in 57.2.3.

rcuits intended for use with notification appliances;the power factor is to be 0
ctor of a motor load is to be 0.40, inductive, 10.simulate locked rotor condit
ified for use in pilot duty applications, the powérfactor is to be 0.35, inductive.
bsistive loads shall use a power factor of 1,0When no particular load applicatio
tor is to be 0.35, inductive.

duct using a transfer mechanisim in conjunction with a power-supply battery
er shall be capable of operating in the intended manner after the transfer 1
b0 cycles, at a rate of not_more than 15 cycles per minute, of the greater of the

0 percent of the jmaximum rated load (normal standby or alarm) current or
he that is¢equivalent to the maximum inrush current entering a discharged bat

bcted to_the charging circuitry (a discharged battery is defined in the Charging
Section 55).

less than 75

parate power

60 inductive.
ons. When a
Circuits rated
n is specified,

charger or a
nechanism is
two following

ery
Current
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57.4 Amplifiers

57.4.1 An amplifier shall operate as intended after operating at 115 percent of rated supply voltage while
delivering rated output current (sine wave) for at least 1 hour at the frequency that results in the greatest
output voltage (greatest amplifier gain). The output is to be connected to a resistive load equal to the
combined maximum system load intended for use with the amplifier.

57.4.2 Following the 1 hour of operation, the amplifier shall not show evidence of smoke, flame, or
non-operation, or distortion greater than the limits specified in the Harmonic Distortion Test, Section 49.

58 Endurance Test

58.1 Gener

1

58.1.1 With the product supply circuit at rated voltage and frequency and with rated devices|or equivalent
loads connected to the output circuits, a product shall not show a manifestation of ayfire or rigk of electrical
shock and shall be capable of operating in the intended manner after being subjected to repetitive signal
operation. In jaddition, there shall be no electrical or mechanical failure or evidence of appropching failure
of the produgt components. Based upon the frequency of expected use, €ach 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~Fable 58.1, the test cyclq rate shall be
the maximuny rate permitted by the design of the product.

Table 58.1
Endurance testccycles

Frequengy of use Type operation Total number of operations Operations|per minute
Daily use Coded? 1,000,000 60
Noncoded® 30,000 16
Occasignal use Coded? 250,000 60
Nonceded? 6,000 16
a ”Coded” refeffs to a repetitive group of on:-off-signals.
b “Noncoded” refers to a continuous signal.

58.1.2 The Ipads or equivalent loads specified in 58.1.1 shall conform to the power factor loading
indicated in §7.1.4.
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58.2 Integral operating devices

58.2.1 An operating 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 when operated for the number of cycles
and at the rate indicated in Table 58.1. When an electrical load is involved, the contacts of the device are
to make and break the normal current at the rated voltage. The load is to represent that which the device
is intended to control or an equivalent load consistent with 57.2.3. The endurance tests of these devices
may be conducted in conjunction with the endurance test on a product.

Exception: This requirement does not apply when the circuit controlled has a power factor less than 75
percent, is not a coded or daily use type operation, and the integral operating device employs the following
ratings:

a) Al|horsepower rating (evaluated on the basis of the ampere equivalent), or

b) Alcurrent rating of not less than 200 percent of the maximum load current.

58.3 Power supplies

58.3.1 A pro
shall operate

Huct employing either power-supply circuitry or circuitry for.the power-supply battery charger
as intended following 6000 cycles operation as describedin 58.3.2.

Exception:
after 500 cyqg

58.3.2 With
resistive load
output and t

value at a rate consistent with 58.1.1. Each cycle\is to consist of the load application follows

removal (or r

58.4 Battery| charger

58.4.1 For a
having a rate
battery, as d
5-second inte

-or a control unit employing only a battery chargér,vthe product shall operats
es as specified in 58.4.1.

he input of the product connected to a_véltage source in accordance with ]
or loads drawing maximum rated output power shall be connected to the
en alternately applied and removed,;or reduced to the manufacturer's speci

bduction) for an equal time.

product employing battery charger circuitry, the input circuit is to be connecte
d voltage defined-by. Table 53.1. A load drawing maximum charging current to

rvals for a total of 500 cycles.

b as intended

[able 53.1, a
bower supply
ied minimum
d by the load

d to a source
a discharged

bfined in the Charging Current Test, Section 55, is to be applied to the charggr circuitry for
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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 Amplifiers

58.6.1 An amplifier shall operate as intended when operated continuously at full rated speech power for
250 hours.

se rms value
P800 hertz at
rtz frequency
he combined
e adjusted to

58.6.2 The gmplifier is to be mounted as intended and operated with a sine wave inputiwh(
is adjusted tq deliver rated output voltage. The input frequency is to be varied from 800 to
a uniform rate, then returned to 800 hertz, so that the amplifier is subjected to 800 to 2800 hq
sweeps 12 times per minute. The output of the amplifier is to be a resistive load, equal to
maximum sys$tem load intended for use with the amplifier. Gain controls, if prévided, are to &
the maximunj gain setting.

58.6.3 Folloy
greater than

ving 250 hours of operation, there shall not be evidence) of flame or smoke| or distortion

he limits specified in the Harmonic Distortion Test, SeCtion 49.

59 Jarring Tlest

59.1 A proddct shall withstand jarring resulting from impact and vibration without:

a) Resulting in a risk of shock or fire hazard;
b) Chusing false signaling operation ©f any part; and

¢) Injpairing the subsequent intended operation.

59.2 Product
the requirem

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.

Jl comply with

59.3 Products, including batteries, weighing less than 13.6 kg (30 Ibs.) and utilizing wall or [ceiling mount

configuration$ shall comply with the requirements in 59.1 when subjected to the jarring desa
Products weighing 18.6 kg or more and utilizing wall or ceiling mount configurations shall co
requirements|in 591" when subjected to the jarring described in 59.4 or 59.5. The direct in
applied to th¢-center of the side of the product intended to be adjacent to the mounting s

ribed in 59.5.
mply with the
pact shall be
urface during

intended mourting:

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.
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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 (8/4-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

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

1
BS
Steel Sphere
: pou /
7 d &
~ // h | f
-~ 7
- P |
7 e ————————— i I h
A |
7] -/(Product Under Jest : l
Z TTTTTTTTTTTTT777
(1) (2)
Test Method“For Unit Test Method For Unit
Intended.te be Mounted Intended to be Mounted
Vertically Horizontally
IPA10

59.6 During this\est, the product shall be connected to a rated source of supply voltage andl tested while
in the normal supervisory condition.

59.7 For amplifiers, during the jarring, the product is to be in the intended operating condition, and
connected to a test voltage 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, Section 49.
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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
a) 0.
b) 0.
c) 0.

Exception:
as intended,
the following

a) Tl
requ
Cirey

b) W
spec

c) Ti

60.2 With re
coupled curr
equipment a

60.3 Leakag
individually a
exposed sur|
considered tq
the risk of ele

same time are determined t0 be simultaneously accessible. For the purpose of these requ

hand is deter
by 203 mm
simultaneous|

60.4 Where

in accordance with 60.2 — 60.8:
5 milliampere for an ungrounded (2-wire) portable or stationary;
5 milliampere for a grounded (3-wire) portable product, and

75 milliampere for a grounded (3-wire) stationary.

the leakage current is to not be more than 2.5 milliamperes when the product
conditions:

ne product is provided with grounding means in accordance with|the applicabl
rements for a cord-connected product in Grounding for Products Containing H|
its, Section 25;

ith the filter removed from the product, the leakage elitrent does not exceed t
fied in 60.1 (b) and (c), as applicable; and

e product is marked in accordance with 81.114.

pard to the requirements in 60.1, leakage current refers to all currents, includin
bnts that are capable of being conveyed between exposed conductive su
d ground, or between exposed conductive surfaces of the equipment.

b currents from all exposed surfaces are to be measured to the grounded sup
5 well as collectively wherelexposed surfaces are simultaneously accessible,

ace to another where\ihe exposed surfaces are simultaneously accessib
be an exposed surface unless it is guarded by an enclosure determined to p
ctric shock. Surfaces that can be readily contacted by one or both hands of a

mined to be able to contact parts simultaneously when the parts are within a 4 k
rectanglé,-and two hands of a person are determined to be able to ¢
y when the parts are no more than 6 feet (1.8 m) apart.

h.conductive surface other than metal is used for the enclosure or part of the g

(Vhere an electromagnetic radiation suppression filter is necessary for the pl’OdlIlCt to function

complies with

A7)

igh-Voltage

ne limits

j capacitively
rfaces of the

ply conductor
hnd from one
le. A part is
rotect against
person at the
rements, one
y 8 inch (102
ontact parts

nclosure, the

leakage curremntistobe measured using a metatfoittraving dimensions of 394 by 7-88-rct

es (10 by 20

centimeters) in contact with the surface. Where the surface is less than 3.94 by 7.88 inches, the metal foil
is to be the same size as the surface. The metal foil is not to remain in place long enough to affect the
temperature of the product.
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60.5 The measurement circuit for the leakage current test is to be as illustrated in Figure 60.1. The
measurement instrument is defined in (a) — (¢). The meter used for a measurement need only indicate the
same numerical value for the particular measurement as would the defined instrument. The meter is not
required to have all of the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance
of 0.15 microfarad,;

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
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 resSponse (ratio of indicated 1o actual value of current) that 1s equal to Ihe ratio of the

impeflance of a 1500-ohm resistor shunted by a 0.15 microfarad capacitor to 1500'johms. At an
indication of 0.5 or 0.75 milliampere, the measurement is to have an error ofynot mpre than 5
percent at 60 hertz.

Figure 60.1
Leakage current measurement circuits

. PRODUCT METER

S
GR

ST q INSULATING

TABLE

120V

4

GROUNDED SUPPLY CONDUCTOR B
LC100

Product intended for connection to a 120-volt power supply.
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PRODUCT METER

-
120V

240V <+—

120V
-

St 3 ; INSULATING
— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200

Produft intended for connection to a 3-wire, grounded neutral 120/240-volt power supply, as illustrated above.

PRODUCT METER

3
120V

240V <— S

120V
-

& & !

1]
J q INSULATING
TABLE

Vo
ANN

GROUNBED SUPPLY CONDUCTOR B
LC300

Product intended for connection to a 3-wire, grounded neutral 120/240-volt power supply, as illustrated above.

A — probe with shielded lead.
B — Separated and used as clip when measuring currents from one part of product to another.
NOTE — 120/240 V circuit also apply to 208Y/120V supply.
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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,
is determined to be in the as-received condition. The supply voltage is to be the maximum voltage marked
on the produff, in accordance with 37.7.2 or shall be as described in 54.6, buf not Tess thdn 120 or 240
volts. The tegt sequence (with regard to Figure 60.1) is to be as follows:

ith switch S1 open, the product is to be connected to the measuringreircuit. Lgakage
t is to be measured using both positions of switch S2, and with the, product switching

itch S1 is then to be closed, energizing the product, and.within 5 seconds th¢ leakage

t is to be measured using both positions of switch S2 and with the product syitching
deviges in all their normal operating positions;
c) Lgakage current is to be monitored until thermal stabilization occurs. Both positipns of switch
S2 afe to be used in determining this measurement-Thermal stabilization is to be gbtained by
operation of the product as in the Component Témperature Test, Section 54.

61 Transienf Tests

61.1 General

61.1.1 While|energized from a source-of-supply in accordance with Table 31.1, a product ghall:
a) Npt falsely annunciatevalarms or troubles;
b) Npt reset during@n-alarm condition;

c) Experience{na electrical or mechanical failure of any components of the product

d) Operate as intended following the test;

e) Asappropriate; TetairT requited Stored memory (Such as date; type, and focatiorn 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.
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Exception No. 2: Supplemental information stored within the product is not required to be retained during
any of the transient tests.

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" T00 kHz Ring Wave fransienis as defined in Recommended Pracflce on Surge
Voltages in LUow-Voltage AC Power Circuits, ANSI/IEEE C62.41.

61.3 Internally-induced transients

61.3.1 The product is to be energized in the intended standby condition from ajrated source pf supply that
is to be interqupted a total of 500 times. Each interruption is to be for approximately 1 secorjd at a rate of
not more than six interruptions per minute. The test is to be conducted for'each different type|of secondary
power sourcg configuration described in the installation document, sG¢h as internal battery charging or
connection td a separate battery charger. Where the system configuration involves two or more products,
each with their own AC input, the test is to be conducted by momentarily interrupting thie input to all
products simultaneously.

61.4 Input/output (low-voltage) field-wiring transients

61.4.1 The pgroduct is to be energized in the normal standby condition while connected t¢ a source of
supply in acgordance with Table 31.1. All field-wiring circuits are to be tested as specified jn 61.4.2 and
61.4.3.

Exception: A circuit or cable that intereonnects equipment located within the same room i$ not required
to be subjected to this test.

61.4.2 For this test, each output circuit is to be subjected to the transient waveforms speecified in the
following table, as delivered(into’a 200-ohm load. The transient pulses are to be coupled directly onto the
output circuit|conductors_of.the equipment under test.
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Peak voltage level, V Minimum energy level, J Minimum pulse duration, ps Figure No.
2400 1.0 80 61.1
10002 0.31 150 61.2
5002 0.10 250 61.3
100 0.011 1120 61.4

a 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 have an equal or faster minimum transient pulse rise time than that specified in Figure 61.7.

Figure 61.1
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Figure 61.2
Signal line transients — 1000V curve
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Figure 61.3
Signal line transients — 500V curve
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400 \

Figure 61.4
Signal line transients — 100V curve
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Figure 61.5
Minimum transient pulse duration vs. transient peak voltage
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Figure 61.6
Minimum transient energy level vs. transient peak voltage
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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 minute as follows:

a) Twenty pulses (four at the 2400 peak voltage level and two at each of the other transient
voltage levels specified in 61.4.2) between each lead or terminal and earth ground, consisting of
ten pulses of one polarity, and ten of the opposite polarity and

b) Twenty pulses (four at the 2400 peak voltage level and two at each of the other transient
voltage levels specified in 61.4.2) between any two circuit leads or terminals consisting of ten
pulses of one polarity and ten pulses of the opposite polarity.

62 Electric Shock Current Test

62.1 Electric
62.2 When t
26.2.1) and ¢
shall comply

62.3 With re

when they can be contacted by one or both hands of a person at the same time. For the pur|

requirements
by 203 mm
simultaneous

62.4 The co
Table 62.1 w

shock current refers to all currents, including capacitively coupled currents.

he open circuit potential between any part that is exposed only during ‘User s
ither earth ground or any other exposed accessible part exceeds 42.4 volts
with the requirements in 62.3 — 62.7, as applicable.

erence to the requirements in 62.2, parts are determined to’be simultaneous
one hand is determined to be able to contact simulianeously parts within a 4 &
rectangle, and two hands of a person are determined to be able to ¢

y when the parts are not more than 6 feet (1.8\m) ‘apart.

htinuous current flow through a 500-ohm tesistor shall not exceed the value
hen the resistor is connected between the\exposed part and, either earth groun

ervicing (see
eak, the part

ly accessible
pose of these
y 8 inch (102
ontact parts

5 specified in
i or any other

exposed accgssible part, or all exposed parts collectively when the parts are simultaneous|y accessible.
Table 62.1
Maximum current during operator servicing
Frequency, hertz? Maximum measured current through a 500-phm resistor,
mA
0-100 74
500 9.4
1,000 11.0
2,000 141
3,000 17.3
4,000 19.6
5,000 22.0
6,000 25.1
7,000 or more 27.5

a Linear interpolation between adjacent values may be used to determine the maximum current corresponding to frequencies
not shown. The table applies to repetitive nonsinusoidal or sinusoidal waveforms.

62.5 The duration of a transient current flowing through a 500-ohm resistor connected as described in
62.4 shall not exceed 809 milliamps, regardless of duration, and the value determined by the following

equation:
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" (20\/5)1'43

in which:

T is the interval, in seconds, between the time that the instantaneous value of the current first
exceeds 7.1 milliamperes and the time that the current falls below 7.1 milliamperes for the last

time and
| is the peak current in milliamperes.
The interval petween occurrences shall be equal to or greater than 60 secondsswhen the 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, Maximum duration (T) of waveform containing excursions
milliamperes greater than 7.1 milliamperes pepk
71 7.26 seconds
8.5 5.58
10.0 4.42
12.5 3.21
15.0 2.48
17.5 1.99
20.0 1.64
225 1.39
25.0 1.19
30.0 919 milliseconds
40.0 609
50:0 443
60.0 341
70.0 274
80.0 226
90.0 191
TUU.U o5
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

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
809.0 8.3

62.6 The maximum capacitance between the terminals of a capacitor that is accessible during user
servicing shall comply with the following equations:

. 38400 for 42.4 < F < 400
E(n E-1.26)

¢ - 35,2886 "%  for 400 < £ < 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 measufed 5
secopds after the capacitor terminals.are made accessible, such as by the removal or opening
of an interlocked cover or similar-structure).

Typical calculated values of maximum-Capacitance are shown in Table 62.3.

Table 62.3
Electric shock — stored energy

Potential in yolts, across\capacitance prior to discharge Maximum capacitance in microfarpds
1000 0.868
900 1.02
oUU .22
700 1.50
600 1.90
500 2.52
400 3.55
380 3.86
360 4.22
340 4.64
320 5.13
300 5.71
280 6.40

Table 62.3 Continued on Next Page
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Table 62.3 Continued

ads

Potential in volts, across capacitance prior to discharge Maximum capacitance in microfar
260 7.24
240 8.27
220 9.56
200 11.2
180 13.4
160 16.3
140 20.5
120 26.6
1nn Oﬂ.l:
90 43.8
80 53.8
70 68.0
60 89.4
50 1240
45 150.0
42.4 169.0

62.7 Current
subject to us
similar comp
causes maxi

63 Ignition T

63.1 The bo
constructions

63.2 Openin
that hot flami
is extinguishg

63.3 A samp
distance abo

Bleached chg¢esecloth running 14 — 15 yd?%/Ib mass (26 — 28 m?/kg mass) and having wha

the trade as
the other or 4
draped in on

n
xwm current flow.

measurements are to be made with any operating/control (or adjustable d
br operation) in all operating positions, and either with"or without a separable
ent in place. These measurements are to be made with controls placed in thq

[est Through Bottom-Panel Openings

can be used when they comply with the test described in 63.2 — 63.5.

Js in a bottom panel shall betarranged and sufficiently small in size and few
hg No. 2 furnace oil poured three times onto the openings from a position ab
d as it passes through the openings.

le of the complete,finished bottom panel is to be supported in a horizontal pg
e a horizontal surface under a hood or in another area that is ventilated but fre

ontrol that is
connector or
p position that

ftom-panel constructions described (n 7.9.1 — 7.9.3 are permitted without festing. Other

n number so
bve the panel

sition a short
e from drafts.
t is known to

'a count-0f. 32 by 28” (a square 1 inch on a side has 32 threads in one directjon and 28 in

quarex~Centimeter on a side has 13 threads in one direction and 11 in the o
b [ayer over a shallow flat-bottomed pan that is of a size and shape to cover ¢

pattern of op

her), is to be
bmpletely the

pnings in the panel but is not sufficiently large to catch any of the oil that runs

ver 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 openings in the panel. The center of the cheesecloth is to be 2 inches (50 mm) below the
openings. Use of metal screen or wire-glass enclosure surrounding the test area is recommended to keep

splattering oil

from causing injury to persons.
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63.4 A small metal ladle not more than 2-1/2 inches (65 mm) in diameter, with a pouring lip and a long
handle whose longitudinal axis remains horizontal during pouring, is to be partially filled with 0.34 ounces
(10 cm® or 10 ml) of No. 2 fuel oil, which is a medium-volatile distillate having a minimum API gravity of
30 degrees, a flash point of 110 — 190°F (43.3 — 87.7°C), and an average calorific value of 136,900 Btu/gal
(38.2 MJ/L); see the Standard Specification for Fuel Oils, ASTM D396. The ladle containing the oil is to
be heated and the oil is to be ignited. The oil is to flame for 1 minute and then is to be poured at the
approximate rate of, but not less than 0.034 ounces (1 cm%/s or 1 mL/s) in a steady stream onto the center
of the pattern of openings from a position 4 inches (100 mm) above the openings. It is to be observed
whether the oil ignites the cheesecloth.

63.5 Five minutes after completion of the pouring of the oil, the cheesecloth is to be replaced with a clean
piece and a second 0.34-ounce (10-cm® or 10-mL) ladle of hot flaming oil is to be poured onto the

openings, agpin 1o be observed whether the cheesecloth is ignited. Five minuies later, a
pouring is to|be made. The openings do not comply with the requirement in 63.1 if the'¢
ignited during any of the three pourings.

64 Dielectri

Voltage-Withstand Test

hird identical
heesecloth is

64.1 A prodyct shall withstand for 1 minute without breakdown, the application of an essentially sinusoidal

AC potential
the enclosur
circuits operg

a) F
volts

b) F
volts

c) Fq
rated

See 64.4 — 6

64.2 Expose
energized an

64.3 For the
frequencies,
voltage of the

f a frequency within the range of 40 — 70 hertz, or a DC. petential, between
, between live parts and exposed dead-metal parts (s€e) 64.2), and betweer

br circuits rated 30 volts AC rms (42.4 volts DC-or AC peak) or less — 500 volt
when a DC potential is used);

br circuits rated greater than 30 and equalto or less than 150 volts AC rms (4
DC) — 1000 volts AC (1414 volts, when*a DC potential is used);

r circuits rated more than 150, volts AC rms (212 volts DC) — 1000 volts AC p

4.6.

d dead-metal parts are non-current-carrying metal parts that are capable
 are accessible from outside of the enclosure of a product.

application of a potential between live parts of circuits operating at different
he voltage is to be the applicable value specified in 64.1 (a), (b), or (c), based g
eiretits under test. Electrical connections between the circuits are to be discon

ting at different potentials or frequencies (see 64.3)~The test potential is to bg:

ive parts and
live parts of

5 AC (707

P.4 and 212

us twice the

voltage (1414 volts plus 2.828 times the rated AC rms voltage, when a DC p¢otential is
used).

of becoming

potentials or
n the highest
hected before

the test pote

trat s apptied:

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.
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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 potential is to be:

a) Increased from 0 at a uniform rate so as to arrive at the specified test potential in
approximately 5 seconds and then

b) Maintained at the test potential for 1 minute without an indication of a breakdown.

Manual or automatic control of the rate of rise is not prohibited.

64.6 A printgd-wiring assembly or other electronic circuit component that is capable of shorf
being damaggd by) the test potential, is to be removed, disconnected, or otherwise rendere
before the test. A representative subassembly is then to be tested instead of an entiré unit.
65 Abnormgl Operation Tests

65.1 Generdl

65.1.1 When
service, a prq
such abnorm

65.1.2 Conti
fans, and likg
section.

65.1.3 Durin
pound (26 —

The product

non-time-dela
condition of |
The enclosur
a fuse rated
abnormal cor

65.1.4 Durin

the conditions of intended operation are not represéntative of all condition
duct shall not present a risk of fire, electric shock{omrinjury to persons when o
Bl conditions.

huous operation, malfunction of components, shorting of output circuits, faild
ly misuses of the product are examples 6f'conditions to be simulated during th

) the tests, a single layer of bleached cheesecloth, fabricated at 14 — 15 squar
P8 m?/Ib) and having a thread count of 28 by 32, is to be draped loosely over t
s to be connected to a power supply as indicated in 31.1.2 and connected in
y fuse of the maximum'current rating of the branch circuit. Opening of the fus
sk of fire or electrical shock results is considered as meeting the intent of the

to correspond(ta-the input rating of the unit or 3 amperes, whichever is l¢g
dition is to be.simulated at a time.

) theseltests, all fuses which are field-renewable by the user and are of an int

type shall be
rating for th

replaced by a fuse of the same size and voltage rating using the highest avs
size. Opening of the fuse before any condition of risk of fire or electrical

-circuiting (or
d inoperative

s possible in
erated under

re of cooling
e tests in this

b yards to the
he entire unit.
series with a
e before any
equirements.

. when metallic er.employing dead-metal parts, shall be connected to ground ¢ither through

ss. Only one

brchangeable
ilable current
shock results

satisfies the requirementof thetest:

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
or equivalent text: “ For continued protection against risk of fire, replace only with same type and rating of
fuse”.
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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;

¢) Immediately following these tests, the product complies with:

1) The Dielectric Voltage-Withstand Test, Section 64, within 1 minute of th¢ conclusion
of the test, or

2) The Leakage Current Test, Section 60, when it is not practical to condugt the
dielectric voltage-withstand test due to numerous components) electrically cpnnected to
the product chassis or ground.

65.2 Operatjon

65.2.1 A product that normally would only be operated for a dimited time shall be capablg of operating
continuously |n any condition of normal use possible without risk of fire, electric shock, or injufy to persons.

65.3 Field-wliring circuits

65.3.1 Each|output circuit of the product to which*field wiring is intended to be connegted is to be
individually opened or shorted.

65.3.2 The tpst condition in 65.3.1 shall(be applied one at a time. The abnormal condjtion shall be
introduced while the equipment is operating in any condition of normal use.

65.4 Electronic components

65.4.1 Capatgitors not determined a reliable component as specified in 44.2, shall additionally comply with
the condition$ specified in\65.1.1 — 65.1.6 when individually opened and shorted.

65.4.2 All cifcuit 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 |land, '0pen-circuits of transistors, rectifiers, diodes, and capacitors, faults causing continuous
dissipation ir i i i i fssipatior, i T ated 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;

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;
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c) When the power source supplying the circuit is power limited as specified in Table 62.1 or

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 terminals of a multi-terminal device at one time. Simulated circuits are also capable of being
used for high-voltage circuit abnormal tests. But when the tests performed on simulated circuits indicate
likely damage to other parts of the equipment to the extent that the safety of the equipment is capable of

being affecte
while the equ
and remote S

65.4.4 Thred

Exception:
to occur, the

65.4.5 When
new compon
shorted and

occurrence 0

Exception:
repeated.

65.4.6 The t

a) Ig
the s

b) Flise from the enclosure to ground does opens.

i, the tests shall be repeated in the equipment. The abnormal condition shall
ipment is operating under intended conditions. This is to be accomplished\by
witches with consideration given to the effect these devices have on the\test.

tests of each combination, using untested components for each tést, shall be

f analysis of the test results and circuit indicate that the resultobtained is the ¢
test need be conducted only once.

the circuit is interrupted by opening of a component;.the test is to be repeate
bnts when required. When a printed wiring board irace opens, the gap is to
he test continued until ultimate results occur, and the procedure is to be repe
f a trace opening.

hition or charring of the chieesecloth indicator (charring is deemed to have ocg
ructural integrity of the threads has been destroyed due to the temperature rig

When, at the
condition is i

65.4.7 Immefiately_following each fault described in 65.4.3, within one minute of the con
test, the product'shall be subjected to the Dielectric Voltage-Withstand Test, Section 64.

end of 1 hour, no condition described below has occurred, and it is indicate
minent, {hetest is to be continued until ultimate results are obtained (usually

be introduced
jumper leads
conducted.

nly one likely
i twice, using

be electrically
ated for each

After opening of an internal overcurrent\protective device, the test is not required to be

st of 65.4.3 is to be continued_for 1 hour or until one of the following conditiops occurs:

urred when
e); or

i that such a
7 hours).

tlusion of the
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65.5 Cooling fans and blowers

65.5.1 The product shall be operated under the condition which produces the greatest power dissipation
until constant temperature or burnout occurs with all cooling fans and blowers disabled.

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.

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)
b) W
c) P
d) In
e) N
65.5.3 When

representing
rated at least|

of the circuit breaker is acceptable when the installation instructions for the product specifies

overcurrent g

65.6 Transformer burnout

65.6.1 A trar

a) A
short

b) A

circu

Exception:
the device, th

bn-resettable thermal elements that are integral with fan or motor windings;
ire-wound, or other types of resistors that limit the load current;

Dsitive temperature coefficient (PTC) resistors;

herent limitation due to impedance of the fan or motor windings; and
bn-replaceable fusing elements soldered into the product,

the fan or motor indicated in 65.5.2 is connectédvdirectly to the branch ci
the branch circuit supplying the motor or fan under test is to be protected by a ¢

ten times the primary current rating of the fan<er motor, but not less than 15 ar

rotection rating to be used for the branch.circuit.

sformer shall be operated under one of the following conditions:

transformer supplying a.low-voltage circuit shall be tested with the secondary
ed.

power transformer’supplying a high-voltage circuit shall be tested with the seq

Vhere.a means of limiting the secondary circuit current is inherent in or provig
ese features are to be given consideration and the burnout test conducted at

rcuit a circuit
ircuit breaker
nps. Opening
the maximum

circuit

ondary

t shorted or while connected to a resistive load drawing three times the full rafed current,
whichever resultstin the greater current value.

led as part of
the maximum

load permitte
are not limite

a-by tretirmiting features. These features may be external to tte transformer ar
d to, the following:

a) Non-resettable thermal elements that are integral with transformer 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 transformer windings; and

e) Non-replaceable fusing elements soldered into.the product.

d include, but
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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 maximum overcurrent protection rating to be used for the branch circuit.

65.6.3 The 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

requirements for protection against overvoltage from power line crosses described in the Standard for
Information Tlechnology Equipment — Safely — Part 1: General Requirements, UL 60950-1.

65.8 Evalua

65.8.1 In acq
reduced spaq

a) Tihe dielectric voltage-withstand test described in 65.8.2 and 65.8.3; or

b) The shorted trace test described in 65.8.4 and 65.8.5.

65.8.2 A prin
the applicati
accordance |

65.8.3 Powe
having reduc
than these cq

65.8.4 Printg
time, and the

a) The overcurrent pretection associated with the branch circuit to the unit shall no

b) A

When the cirn
components
and the test

ion of reduced spacings on printed-wiring boards

ordance with the Exception of 17.1, printed-wiring board traces of different poj
ings shall comply with:

ted-wiring board, as specified in 65.8.1(a), shalkwithstand for 1 minute witho
bn of a dielectric withstand potential between the traces having reduced
yith 64.1, as appropriate.

F-dissipating component parts, electronic devices, and capacitors connected bg
bd spacings, are to be removed or_disconnected so that the spacings and insu
mponent parts, are subjected @ the full dielectric voltage-withstand test poten

d-wiring board traces, as-spécified in 65.8.1(b), are to be short-circuited, one
test is to be conducted\as described in 65.1. As a result of this test:

wire shall notopen.

tential having

it breakdown
spacings, in

btween traces
ations, rather
tial.

location at a

[ open; and

e, using new

Cuit is.interrupted by opening of a component, the test is to be repeated twig
vhentequired. When a printed wiring board trace opens, the gap is to be elec
continued until ultimate results occur, and the procedure is to be repe

ed for each

’q{cally shorted

occurrence o

Exception:
repeated.

g trace Opening.

After opening of an internal overcurrent protective device, the test is not required to be
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65.8.5 The test of 65.8.4 is to be continued for 1 hour or until one of the conditions described below
occurs. When, at the end of 1 hour, no condition described below has occurred, and it is indicated that
such a condition is imminent, the test is to be continued until ultimate results are obtained (usually 7

hours).

a) 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; or

b) Fuse from the enclosure to ground does opens.

65.8.6 Immediately following each fault described in 65.8.4, within one minute of the conclusion of the

test, the prod

uct shall be subjected to the Dielectric Voltage Withstand Test, Section 64.

66 Tests on

66.1 General

66.1.1 To de
representativ
66.5.2.

66.2 Mechanical secureness test

66.2.1 Atern
for 1 minute
the terminal.

66.2.2 Six sa
be used, in a
the connectia
until the test

66.3 Flexing

66.3.1 The W
without break

66.3.2 Six te
subjected to
in 3-pound (1
wire shall be

Special Terminal Assemblies

termine its suitability as a field-wiring connection in compliance~with 13.5.1
e samples of the terminal assembly shall comply with all ofithe tests specifie

o the wire in the direction which would mostiikely result in pullout, without se

ccordance with the manufacturer’s_instructions. When a special tool is requireg
n, it is to be used. Each sample(is to be subjected to a gradually increasing pu
pull of 5 pounds (22.2 N) is reached.

test

ire attached to aterminal shall be capable of withstanding an average of 5 righ
ing.

rminal assemblies using the maximum wire size and six with the minimum wire
his 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
bent’at a right angle from the nominal wire position. The wires shall be asse

ninal connection shall withstand the application of\a straight pull of 5 pounds (22,

and 13.5.2,
d in 66.2.1 —

2 N), applied
parating from

mples of the terminal are to be connected to the wire sizes with which they aie intended to

to assemble
Il on the wire

-angle bends

size shall be
With the wire
juncture, the
mbled to the

terminals usi

Tg_any speciattoot Tequired—as specified i the Tmanufacturer sinstructions T

the wire shall be sufficient to hold the wire in a rigid position during the flexing trials.

e tension on
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66.4 Millivolt drop test

66.4.1 The millivolt drop across a terminal connection, using the maximum and minimum wire sizes
intended to be used, shall not be greater than 300 millivolts with the maximum current of the circuit flowing
through the terminal connection at the rated voltage of the circuit.

66.4.2 Six terminal assemblies using the maximum wire sizes and six assemblies using the minimum wire
sizes shall be subjected to this test. The wires shall be assembled to the terminals using any special tool,
when required, according to the manufacturer’s instructions. The millivolt drop shall then be measured
using a high-impedance millivoltmeter with the maximum current, as specified by the manufacturer,

flowing through the connection.

66.5 Tempefature test

66.5.1 The maximum temperature rise on a terminal junction with the maximum or-minimg
with which the terminal is used, shall not be greater than 86°F (30°C) based on an ambien
of 77°F (25°Q).

66.5.2 Six tefminal assemblies using the maximum wire size and six using.the minimum wi
be subjected| to this test. The wire is to be assembled to the terminals-tsing any specia
required, accprding to the manufacturer’s instructions. The maximum curtent is then to be ps
the terminal ¢gonnection to which the wire will be subjected in seryic€. After temperatures hg
the maximu

m wire sizes
I temperature

re size are to
| tools, when
ssed through
ve stabilized,

temperature rise is to be measured by the thermoecouple method in accordance with the

Component Temperature Test, Section 54.
67 Mechani¢al Strength Test for Metal Enclosures _afd Guards and Enclosure Parts $ecured
with Adhesiye
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 mgans of a hemisphere, 1/2-in (127 mm) in diameter, and an impact of 5 ft-Ib (7 N-m), applied
by means of Ja smooth, solid, steel sphere 2in (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
requifements in 7.2.1 and Tables 7.1 — 7.3, or
b) Erjclosure partSisecured with an adhesive meeting 10.6 — 10.9.
67.2 The sp m) or swung

erein 67.1 is to fall freely from rest through a vertical distance of 51 in (1.3
<t i M Figure 67 without:

through a pe

a) Permanent distortion to the extent that spacings are reduced more than 50 percent of the

values specified in Spacings, Section 17;

b) Transient distortion that results in a reduction of more than 50 percent of the values specified

in Section 17;

c¢) Developing openings that do not comply with the requirements in Accessibility of
Live Parts, Film-Coated Wire, and Moving Parts, Section 9; and

Uninsulated
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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 the testing. Products that require the opening of a door to gain access to the operating

controls and

68.3 The raq
The radiating
is to be cond
orientations,

A total of six
+2%, five to (
energization.

68.4 Power
by the meast
power level S

68.5 Field st
aroomas m
product unde
to be put intg

Aisplay shall be tested with the door(s) in the open position.

io-frequency interference sources for the nominal frequencies are specified i
antennas shall be placed 30 cm from the nearest edge of the produet Under

centered on the product. The transmitter is to be in the same room as the prody
energizations in each of the two orientations are to be applied,for each nomi
onsist of 5 seconds on and 5 seconds off, followed by one censisting of a sing

putput from the antenna method. The forward power/to the antenna shall be
red reflective power and the calibrated gain of the"antenna to produce the mi
pecified in the Table 68.1 for each frequency:

fength method. The forward power requited to produce the field strength at a
pasured by a field probe shall be recorded without the product under test in t

the antenna to produce the minimum field at the product under test. Amplifiers

h Table 68.1.
test. The test

icted with each antenna directed at the product under test, in both.the horizontal and vertical

ct under test.
nal frequency
le 15-second

compensated
himum output

given point in
he room. The

r test is to replace the field probe_inthe room and the amount of power recoided earlier is

employed to

produce the forward power shall not be insaturation when the required AM or FM modulation is utilized.
Table 68.1
Radio frequency interference levels

Freqyency Power Modulation Field Sfrength
27 WHz 5W 1 kHz, AM, 80% 52 V/M
150 MHz 5W 1 kHz, FM 52 V/M
450 MHz 5W 1 kHz, FM 52 Y/M
866 MHz 3W 1 kHz, FM 40 V/m
910 MHz 4w 1 kHz, FM 46 V//m
2.4 GHz 4 W Carrier Only 46 V/m

3.7 GHz 4 W Carrier Only 46 V/m

5.0 GHz 4 W Carrier Only 46 V/m

5.8 GHz 4 W Carrier Only 46 V/m



https://ulnorm.com/api/?name=UL 2572 2018.pdf

MARCH 28, 2016

MASS NOTIFICATION SYSTEMS - UL 2572

169

69 Short-Range Radio Frequency (RF) Devices Test

69.1 Genera
69.1.1 The tr

a)
signa

ansmitter/receiver shall comply with the following:

| status.

The communication between each transmitter and receiver shall uniquely identify each

b) The communication shall include means for uniquely identifying each transmitter.

¢) The communication message components that identify the individual transmitter shall permit

at led
incre
to eig
exani
comi

69.1.2 Thes
transceivers
two-way intet

69.2 Reference level determination

69.2.1 The i

a)
secti

b) M
exist

c) A
syste
acce

69.2.2 For {
manufacturer
ambient radid
the maximun

)

st 256 unique combinations. For larger sysiems, the number of combinations
bsed so that the number of combinations available to the system is numericall
ht times the maximum number of transmitters that may be used within-the sys
ple, if 50 transmitters are used, the system’s capability shall provide at least 4
inations.

b

P

requirements are applicable to systems using initiating.device transmitt
optional) and receiver units with the transmitters operating’ on a random b
rogate/response signaling.

stallation document for the system shall inclade information concerning the fo

nimum signal strength level needed at the receiver to comply with the require
bN;

aximum ambient radio-frequencyynoise level or minimum signal to noise level
and still meet the requirements of this section;

description of the equipmént and procedures to be used during the installatior
m to determine whether or not the actual signal strength received is above the
ptable level and the actual ambient noise level is below the maximum accepta

he purpose ‘of these requirements, the minimum signal strength, as dec
required{ornormal operating performance, is designated as the reference sig
-frequéency noise level that would not affect normal operating performance is ¢
ambient noise level (see 41.6.11).

shall be

y equivalent
tem. For
00 unique

Brs, repeater
Asis or using

lowing:

ments of this

which can

of the
b minimum
ble level.

lared by the
nal level. The
esignated as

69.2.3 Unles

mdicated otherwise, the testsetup istoemptoy a transmitter thatistobeconr

ected directly

to the receiver via a shielded electrical connection, and all measurements shall be taken in a RF-shielded
room. The signal shall be attenuated such that the level measured at the receiver (using the method
described in 69.2.1) equals the reference signal level or minimum signal to noise level.

Exception: When the transmitter is not capable of being connected via a shielded electrical connection,
the transmission path is to be free field in a RF-shielded room.
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69.2.4 For test purposes, products employing spread spectrum technology shall provide a means to
establish the reference signal level by preventing frequency hopping.

69.3 Interference immunity

69.3.1 A receiver/transmitter combination at the minimum declared reference signal level shall operate for
its intended signaling performance in the noise environment described in 69.3.2.

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.

69.3.3 The
generator in

and ambient
The interfere|
rotation in org

69.3.4 Operd
69.7.3 and 6

69.4 Freque|
69.4.1 Wher
a) A
b) A
betw

comA

For example,
even one wit

than 10 megghertz.

Exception:
69.4.2 Arec

69.4.3 A sa

noise environment is to be created by a white-noise generator modulating
vhich the frequency is twice the bandwidth about the signaling frequencyyThe s
noise levels are to be in accordance with the manufacturer’'s specified levels
hce is to either emanate from a tuned 1/2 wave dipole antenna; capable of

tion of the receiver/transmitter combination shall complywith the requiremen
p.8.1 and 69.8.2, while in the noise environment.

hcy selectivity

b a product utilizes multiple frequencies, a receiver shall not respond to any si
signal strength equivalent to the most powerful system transmitter and
frequency shifted more than two working channel widths of the system, as mq
ination.

when the communication.channel is 5 megahertz wide, any signal with a similg
N identical coding, the receiver shall ignore the center frequency of which is sh
[he requirements in 69.4 are not applicable to spread spectrum technology.

biver is to)be connected to a source of rated supply and is to be positioned for

an RF signal
gnal strength
(see 69.2.1).
360 degrees

er to vary the polarization, or be injected into the product via a shiglded electrical connection.

s in 69.7.1 —

gnal having:

asured

ben the manufacturer’s rated upper and lower frequency limits of the receiver/fransmitter

r band width,
ifted by more

ntended use.

nEpIe tfansmitter that is adjusted for receiver-acceptable information is to be tunja

frequency that™

d to a center
width of the

transmitter/receiver 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 test 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 frequency as specified in 69.4.1.
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69.4.5 The test is to be monitored by a spectrum analyzer or other instrument that has been determined
to be acceptable to verify transmitter output.

69.4.6 For test purposes, where the operating frequency or signal level of a transmitter cannot be varied,
the transmitter 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 fransmitters being concurrently activated when only one is in off-normal modg so that their
transmitted messages interfere with each other.

Exception NQ. 1: The requirements in 69.5 are not applicable for products that only permit pne device at
a time to colnmunicate on the wireless network such as Listen-Before-Talk (LBT), access protocol, or
similar technique.

Exception N¢. 2: The requirements of 69.5 are not applicable to frequency hopping spréad spectrum
technology.

69.5.2 The manufacturer shall provide a derivation of the propability of successful signal fransmission,
based on thg probability of clashes occurring. This derivationsshall provide explicit operating parameters
and shall degcribe all the assumptions and equations used.in the derivation.

69.5.3 The dash 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 rpceived at the receiver does.not exceed 10 seconds;

b) 99.95 percent probability that the time between the initiation of a single supervigory message
until |t is received at the receiver unit does not exceed 10 seconds;

c) 99.95 percent probability that the time between the initiation of a single trouble message until
it is rpceived at the.local monitoring unit does not exceed 200 seconds.

69.5.4 The calculated clash rate for any given system is a function of the:

a) Maximum number of transmitters (transmitters for neighboring systems are not fo be
considered);

b) Duration of individual transmission;
c) Transmission rate;
d) Coding scheme;

e) Error (falsing) rate; and
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f) Prioritization.

When determining this rate for each 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 misinterpretation by the receiver
of two simultaneous or overlapping valid transmitter messages that results in the receiver 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 co
similar techn

Exception Ng

69.6.2 A red
described in

69.6.3 The r
supply. Two
of a primary
at the receive
is a valid add

69.6.4 One t
shall be cong
a total of 100

69.6.5 The t

mmunicate on the wireless network such as Listen-Before-Talk (LBT), acces
que.

5 protocol, or

. 2: The requirements of 69.6 are not applicable to spread spectrum-technology.

eiver shall demonstrate a zero clash error rate while subjected to the te
59.6.3 — 69.6.5.

bceiver is to be mounted in a position of intended use and energized from a sq
ransmitters, energized from a rated source of AC supply or by a DC power si
battery, are to be adjusted such that the referencesignal level described in 69.
r. The address of each transmitter shall be set such that the logical “or” of the t
ress recognized by the receiver.

ransmitter is to then be conditioned for continuous alarm transmission. The oth

st conditions

urce of rated

pply in place
P.2 is present
vo addresses

er transmitter

itioned to transmit an alarm messagesat a rate equal to twice the alarm message length for

,000 transmissions.

bst described in 69.6.3 and 69.6:4 is to be repeated while one transmitter is c

continuous ajarm message transmission-and the other transmitter is conditioned to trans

SUpervisory s
100,000 tran

tatus message at a rate.egqual to twice the normal supervisory message length
Emissions.

bnditioned for
mit a normal
for a total of
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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 discriminate between correct and incorrect transmission so that false or erroneous messages
are not accepted by the receiver as valid messages from the various transmitters in the system.

69.7.2 As a measure of compliance with 69.7.1, the error (falsing) rate of the receiver is to be determined
by utilizing the following test procedure:

a) Batteries depleted to the trouble signal level are to be installed in the transmitter. A depleted
battery may be replaced by a circuit arrangement that does not affect the RF characteristic, and

does

simulate the characteristics of a depleted battery.

indic

c) A
arran

d) The transmitter is to be conditioned for continuous transmissions of:

e) A
mesg

f) Th
comy

g) When zero incorrect messages having one or two incorrect elements are accep

after
termi
to be]

b) Tie transmitter is to be adjusted so that the receiver receives the referenceNevq

ted in 69.2.2.

counter is to be connected to the transmitter to record the number. af messagy
gement is not to interfere with the transmitter output.

1) 1,000,000 messages with one element incorrect;, then
2) 1,000,000 messages with two elements ineorrect, and finally
3) 100,000 messages with three elements incorrect;

counter is to be connected to the receiver that will record the number of incor
ages accepted as valid messages by the receiver.

e transmitter/receiver combination shall comply with Table 69.1. Testing shall
leted at each of the three:conditions of incorrect transmission in the order indi

the first 100,000, the testing at that number of incorrect elements per messag
hated and testingat any higher number of incorrect elements per message is
conducted,

| signal

bs. The

rect

be
cated.

ed as valid
b shall be
not required
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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 test is to be conducted in the noise environment described in 69.3.1 — 69.3.4.

69.8 Throughput rate

69.8.1 For tH
to accurately
of assurance
be structured

a) The prioritization may be achieved by:

b) W
be:

69.8.2 The tiroughput(rate of the receiver is to be determined by utilizing the test procedurs

69.7.1 — 69.7
shall comply
the test resul

e purpose of this requirement, the throughput rate is a measure of the ability
interpret and execute upon receipt of a correct message in order to aghieve &
that alarm or emergency messages are not lost. The transmitter/receiver com

so that alarm or emergency messages take precedence over all other signals.

1) Extending the duration of the message,
2) Repeating the alarm message, or
3) Any other means that can be demonstrated to be equivalent.

hen multiple services are utilized on the"same system, the priority levels of mg

1) Messages associated withlife safety,
2) Messages associated-with property safety,
3) Supervisory ortrouble messages, and
4) All other(megssages.
.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 thar
s.comply with the 100,000 messages completed row in Table 69.2.

of a receiver
high degree
bination shall

bssages shall

b described in
e test results
1,000,000 if
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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

69.9 Transnfjitter stability tests

69.9.1 Whild
combination

being missed.

69.9.2 Prodd
a) R

b) H
spec

c) Lg
in thq

d) H
69.9.3 Prodd

a) H
spec

subjected to the environmental conditions indicated below, the Aransm

itter/receiver

shall complete 500 alarm transmissions as specified in 69.8.1 and 69.8°2, without a signal

cts for Indoor use/dry, indoor use/damp, and indoor use/wet.}ocations:
bom Ambient: 73.4 £5°F (23 £3°C), 30 — 50 percent relative humidity;

gh Temperature: 120 £3°F (49 +2°C), or the highgstvambient operating tempe
fied in the product’s marking

w Temperature: 32 £3°F (0 £2°C), or the Iéwest ambient operating temperatu
product’s marking

imidity: 90 +3°F (32 +2°C), 93 +5_percent relative humidity.
cts for outdoor use in damp-and wet locations:

gh Temperature: 151 £8°F (66 +2°C), or the highest ambient operating tempe
fied in the product'simarking;

rature

re specified

rature

b) Low Temperature: -40 £3°F (-40 +2°C), or the lowest ambient operating temperature

spec

c) H

fied in the product’s marking;

imidity:(140 £3°F (60 £2°C), 95 £3 percent relative humidity.
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69.10 Transmitter accelerated aging test

69.10.1 The 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 in an
ambient temperature of 73 £3°F (23 £2°C).

69.10.2 During 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 voltage for the test
duration.

70 Long-Range Radio Frequency (RF) Device Tests

70.1 GenerJI
70.1.1 These requirements cover the operation and performance of products and Systems that utilize
long-range rgdio frequency (RF) transmission paths, both one- and two-way, between a transmitter unit
and a receiver.

70.1.2 The tfansmitter/receiver combination shall comply with the requirements in 70.3.5 while subjected
to the conditipns 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;

c) The spurious response rejection requirements in 70.7.1 — 70.7.4;

d) The Variable Voltage Operation Testy Section 51; and

e) The Variable Ambient Temperature and Humidity Tests, Section 56.

70.1.3 The tgansmitter/receiver combination shall also comply with the requirements for errof (falsing) rate
and clash depcribed in 70.4.1 — 7Q0.4:6 and 70.8.1 — 70.8.4.
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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 noise level.

Exception: Alternately, the combination of the signal and noise level is to be quantified as a minimum
signal-to-noise ratio.

70.2.2 These values shall be specified by the manufacturer, and a product-specific test procedure shall
be provided by the manufacturer for determining, in the field, whether the actual signal strength received
is above the minimum acceptable level and the actual ambient noise level is below the maximum

acceptable Ig
ratio.

70.2.3 Unles
to the receive
room. The si
described in

Exception:
the transmisg

vel, or the combination of the signal and noise levels Is above the minimum.s

s indicated otherwise, the test setup is to employ a transmitter that is to be conn
r via a shielded electrical connection, and all measurements shall/be taken in @
gnal shall be attenuated such that the level measured at the ‘receiver (usin
/0.2.2) equals the reference signal level or minimum signal-to<noise level.

ion path is to be free field in a RF-shielded room.

70.3 Throughput rate test

70.3.1 For th
to accurately
assurance th

70.3.2 A secC
signal using
produce the
the signal st
described in

70.3.3 A mg
implemented

e purpose of this requirement, the throughput rate is a measure of the ability
interpret and execute upon receipt of a correct signal, in order to achieve a h
bt alarm or emergency signals are nojlost.

pond RF generator shall be useddo produce ambient noise that is to be added

ise. The frequency shallbe’varied across the receiver’s specified width of the

0
:I‘ength shall be attenuated such that the level measured at the receiver (usin

70.2.2) equals the maximum ambient noise level.

thod of counting-(which does not interfere with the normal transmitter out
to record thexnumber of transmissions and correctly received messages.

70.3.4 The tfansmitter/receiver combination shall complete 100,000 alarm transmissions wi

being missed

, or_15000,000 alarm transmissions with no more than one signal being missed.

gnal to noise

ected directly
 RF-shielded
y the method

Vhen the transmitter is not capable of being connected Via'a shielded electrical connection,

of a receiver
gh degree of

o the wanted

p suitable combining network. A white-noise generator modulating the RF gg¢nerator shall

channel and
y the method

put) shall be

hout a signal

70.3.5 While

subjectedtotheconditionsspecified i 7012, thetransmitter/receiver tom

ination 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 mgfihod of counfing (which does nof interfere with the normal transmitter oufput) shall be
implemented|to record the number of transmissions and correctly received messages.

70.4.4 The tfansmitter 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 transmitter/receiver combination shall comply with.Table 70.1.

Table 704
Error (falsing) rate test
Number of incorrect elements per Messages completed Maximum number of incorrect
message messages accepted as valid
1 1,000,000 2
2 1,000,000 1
3 100,000 0

70.4.6 When zero incorrect messages having one or two incorrect elements are accepted|as valid after
the first 100,000 messages @t,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 numbef of incorrect
elements perl message’is'not required to be conducted.
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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.

70.5.3 The

with the uan

signal space

bceiver/transmitter combination shall comply with the requirements in 70.315'w
nted signal spaced one channel above the carrier frequency, and again with
one channel below the carrier frequency.

70.6 Intermg@dulation rejection test

70.6.1 The in
a specific fre
a desired sig

70.6.2 Ther
under the co

70.6.3 Additi
added to thd
unmodulated

termodulation rejection is the ability of a receiver to prevent two unwanted inpu
juency relation to the wanted signal frequency, from causing degradation to th
nal.

bceiver/transmitter combination shall comply with.the requirements in 70.3.5 w
nditions described in 70.6.3 and 70.6.4.

bnal RF generators shall be used to preduce two unwanted input signals tl
wanted signal using suitable combining networks. The first unwanted si
and shall have a frequency 50 kilokiertz above that of the wanted signal. The

is to be modlilated with 400 hertz at 60 percent rated system deviation, and shall have a f

kilohertz abo
that the ratio

of unwanted to wanted signal is minus 70 decibels.

70.6.4 The fest shall be repeated as detailed above except that the first unwanted si

unmodulated
is to be mod
kilohertz belo

and shall have a-frequency 50 kilohertz below that of the wanted signal. The
hlated with 400 hertz at 60 percent rated system deviation and shall have a f
w that of thewanted signal.

hile operating
he unwanted

[ signals, with
b reception of

hile operating

nat are to be
ynal shall be
second signal
equency 100

e that of the wanted signal..Both signals shall have the same level, which is adjusted such

hjnal is to be
tecond signal
equency 100
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70.7 Spurious response rejection test

70.7.1 The spurious response rejection is the ability of a receiver to prevent spurious unwanted input
signals from causing degradation to the reception of a desired signal.

70.7.2 The receiver/transmitter combination shall comply with the requirements in 70.3.5 while operating
under the conditions described in 70.7.3 and 70.7.4.

Exception: In lieu of conducting the throughput at each of the frequencies specified in 70.7.4, the receiver
is to be monitored for SINAD at each frequency. The throughput is then to be conducted with the
unwanted signal adjusted to the frequency which resulted in the lowest SINAD as compared to the SINAD
of the wanted signal, and to a level such that the ratio of unwanted to wanted signal is minus 70 decibels.

70.7.3 An aiditional RF generator shall be used to produce an unwanted input signal that-$ to be added
to the wantegl signal using a suitable combining network. The unwanted signal shali*be mpdulated with
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 indicgted below. In
each case, the transmitter/receiver combination shall complete 500 alarm.transmissions wifhout 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 —1/2 IF;

d) FC + 1/2 IF;

e) FC - IF;

f) Fq + IF;

g) FC - Injected frequency;

h) FC + Injected frequency;

i) FGQ - focs§_and

i) FQ «+ focs;

in which:
FC is the carrier frequency;
IF is the intermediate frequency; and

focs is the local oscillator frequency.
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70.8 Clash

70.8.1 For the purpose of these requirements, clash is a loss of alarm signal information at the receiver
as a result of multiple transmitters being concurrently activated, as described in Components — Monitoring

for Integrity, Section 44, so that their transmitted signals interfere with each other.

70.8.2 The calculated clash rate for any given system is a function of the following:

a) Maximum number of transmitters (transmitters for neighboring systems are not to be

considered);

b) Duration of individual transmission;

c) Trlansmission rate;

d) Cpding scheme;

e) Etror (falsing) rate; and
f) Prloritization.

70.8.3 The manufacturer shall provide a derivation of the probability of successful signal

transmission,

based on thq probability of clashes occurring. This derivation ghall provide an explicit desg¢ription of the
operating pafameters and shall describe all the assumptionsiand equations used in the denvation.

70.8.4 The dash rate shall be such that:

a) There is a 90 percent probability that the'time between the initiation of a single
until |t 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
until |t is recorded at the supervising station does not exceed 180 seconds; and

blarm signal

blarm signal

c) There is a 99.999 pereent probability that the time between the initiation of a single alarm

signdl 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

71.1.1 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 71.1.3 and 71.1.4 are allowed when the product is marked to indicate the ambient limitations
for installatioh of The product.

71.1.2 Six sgmples of the battery (or sets of batteries when more than one is used for primalry power) are
to be tested ynder each of the following ambient conditions for the time period determined in 71.1.1 while
connected to[the product itself or a simulated load.

71.1.3 Prodycts for Indoor use/dry, indoor use/damp, and indoor use/wetocations:

a) Rpom Ambient: 73.4 +5°F (23 +£3°C), 30 - 50 percent relative humidity;

b) Hlgh Temperature: 120 £3°F (49 £2°C), or the high€stvambient operating tempefature
specified in the product’s marking

c) Lew Temperature: 32 +3°F (0 £2°C), or the Iéwest ambient operating temperatufe specified
in the product’s marking

d) Hpmidity: 90 £3°F (32 £2°C), 93 5 percent relative humidity.
71.1.4 Prodycts for outdoor use in damp-and wet locations:

a) Hlgh Temperature: 151 £8°F (66 +2°C), or the highest ambient operating tempefature
specified in the product’simarking;

b) Low Temperature: -40 £3°F (-40 +2°C), or the lowest ambient operating temperature
specified in the product’s marking;

¢) Humidity:{140 £3°F (60 £2°C), 95 £3 percent relative humidity.
71.1.5 For the.téest, either product samples or automatic test loads simulating a maximum standby current

drain are to beused—The atarmfoad s 1o bethe product oramappropriate foad simutating 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.
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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.

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 Anincrease in the internal resistance, or a decrease in terminal voltage, of a primary battery shall
not impair opleration for an alarm signal before a frouble signal is obfained. Tn addition, any} combination
of voltage and resistance at which a trouble signal is obtained shall be greater than the ‘battery voltage
and resistande combination measured over the time period and in the environmentalcenditions described
in 71.1.2.

71.2.2 The touble level of a battery-operated product shall be determined uSing the test cifcuit in Figure
71.1 and the|voltage-resistance curves of Figure 71.2 for each of the follewing voltages:

a) Rpted battery voltage;
b) Trouble-level voltage (assuming minimal or no serie9 resistance);

c) Voltages between rated and trouble-level voltage-
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Figure 71.1

Test circuit
r—-————-------- - -"-—-—-—"=-"-"—-"—-—-—=-—-\"—-—"—- A
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| POWER |
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I o) . I
| (V) |
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SIMULATED BATTERY
S2478A
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Figure 71.2
Trouble level determination

RESISTANCE — OHMS

T T
f c A

BATTERY / POWER SUPPLY VOLTAGE

S2479

A — Rated battery voltage.

B — Trouble level voltage (assuming minimal resistance).

C — Voltage value between rated and trouble level.

D — Trouble level resistance at rated battery voltage.

E — Trouble level resistance at voltage value C.

F — Maximum permissible battery resistance and minimum voltage after 1 year in long-term battery test.

Curve A — Sample plot of voltage vs. resistance (product trouble level curve) at which a trouble signal in a product is obtained.

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 as 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

troubl

e 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

volta@e Tevel and af the Trouble signal Tevel;

c) Voltage Values Between Rated and Trouble Level Voltages — The voltage‘of the power
supply is to be set at pre-selected voltages between the rated battery voltage and the trouble
level|voltage. The series resistor is then to be increased until a trouble’ signal is obfained. The
produict is to be tested for alarm operation at each resistance and vdltage level and at the

troubje voltage level. A sufficient number of voltage values shall be, selected to det
shapg of the trouble level curve.

71.2.4 To degtermine that a battery is capable of supplying alarm,and trouble signal power t
for the period specified for the product under the environmental eonditions indicated in 71
Curve A of Fjgure 71.2 is to be plotted from the data obtained in the measurements descri

and compar

— 71.1.6. THe intersection of Curves A and B shall.(dot occur before the period spe
manufacturel| for the product. Additionally, all pointstof Curve B to the right of the inte
(extended to [the baseline), shall be below Curve A:

71.3 Battery replacement test

71.3.1 The [

and replacement of the battery from ‘the battery terminals without any reduction in contact

test shall not

71.3.2 For th
replaced as 1

rmine the

0 the product
1.1 -71.1.6,
bed in 71.2.3

to Curve B of the above referenced figure, “which is plotted from data generated in 71.1.1

impair the intended gperation of the product.

is test, a productis to be installed as intended in service and the battery(ies)
ecommended by the manufacturer. The product shall then be tested for intend

cified by the
section point

attery clips intended for eennecting a primary battery shall withstand 50 cyclgs of removal

integrity. The

removed and
ed operation.
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71.4 Butt-type connection pressure test

71.4.1 When tested in accordance with 71.4.2 and 71.4.3, fixed butt-type connections of a product 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.

72 Strain-RlIief Test

72.1 Cord-c

72.1.1 When
be capable o
pull of 35 poy

72.1.2 A 35-
the strain-reli
of affording s
there is move

72.1.3 When
completed af
Use in Electr

72.2 Field c
72.2.1 Each

minute a pull
internal soldq

bnnected products

tested in accordance with 72.1.2, the strain-relief means provided-on the flexi
nds-force (156 N) applied to the cord, with the connections within the product
bound (15.9-kg) weight is to be suspended on the corddand so supported by thg
bf means is stressed from any angle that the constfuction of the product permit
rain relief does not meet the requirement whenyat the point of connection of th
ment of the cord indicating stress has been transmitted to soldered connectio
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 746€; is conducted.

bnnection leads

lead used for field connections, including a battery clip lead assembly, shall wj

red connections.-The means of affording strain relief does not meet the requi

ble cord shall

f withstanding for 1 minute, without displacement or damageito the wire insulation, a direct

lisconnected.

product that
The means
e conductors,
ns.

2
L
h
b.

P.1.2 is to be
c Materials —

ithstand for 1

of 10 pounds-force«(44.5 N) without any evidence of damage or of transmittal of stress to

ement when,

at the point ¢f connection aof the conductors, there is movement of the wire indicating str¢ss has been

transmitted tq

72.2.2 When
completed af
Use in Electr

the soldered.connections.

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.

P.2.1 is to be
c Materials —
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73 Antenna End-Piece Secureness Test

73.1 An end-piece used to blunt the end of a sharp point shall be capable of withstanding a force of 5
pounds-force (22.3 N) applied as described in 73.2.

73.2 The force is to be applied by a weight that exerts a force of 5 pounds-force (22.3 N) or a steady pull
of 5 pounds-force for a period of 1 minute in any direction permitted by the construction of parts at room
temperature. When polymer materials are involved in the construction of the parts or the securing means,
the test is to be conducted before and after the Component Temperature Test, Section 54. The results of
the test do not meet the requirement when the end-piece pulls free or antenna sections are detached and

expose sharp objects.
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76 Wet Location and Outdoor-Use Tests

76.1 General

76.1.1 A product, other than high powered speaker arrays, intended for either indoor/wet or outdoor/wet
or damp installations shall be subjected to the tests indicated in 76.2.1.1 — 76.4.7, unless indicated

otherwise.

76.2 Corrosion tests

76.2.1 General

76211 Ap
tests specifie

76.2.1.2 Par

Foduct intended for outdoor/wet or damp Tocations shall operate as Infended
[ in 76.2.2.1 — 76.2.4.2.

protected fromn exposure to the corrosive atmospheres representative of intended, use.

76.2.1.3 The
76.2.1.4 Twd
76.2.2 Salt s

76.2.2.1 The|
Standard Pra

76.2.2.3 The
76.2.3 Hydrg
76.2.3.1 The
openings for
temperature
76.2.3.2 An

be introduceq
to be purged

samples are not to be energized during these tests.
different samples of the product are to be used for each fest exposure (total of
pray test

apparatus and test method for salt spray feq) testing shall be in accordg
ctice for Operating Salt Spray (Fog) Apparatus, ASTM B117.

test samples are to be suspended vettically in the test chamber for 240 hours
gen sulfide (H,S) test

test samples are to be.supported as intended in service in a closed chd
gas inlet and outlet for.240 hours (10 days). The chamber is to be mainta
juring the test. A small amount of water is to be maintained at the bottom of t
bmount of hydrogeh sulfide equivalent to 1 percent of the volume of the test

into the chamber each working day. Prior to each reintroduction of the gas, th
of the residual gas-air mixture from the exposure of the previous working day

following the

s and sections of the product that are not intended to be exposed t6 wegther shall be

six samples).

nce with the

(10 days).

mber having
ined at room
ne chamber.

thamber is to
e chamber is



https://ulnorm.com/api/?name=UL 2572 2018.pdf

