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INTRODUCTION

1 Scope

1.1

These requirements cover signaling devices intended for emergency or non-emergency use, used in

indoor and/or outdoor locations, and where applicable, installed and used in accordance with the National
Electrical Code, NFPA 70.

1.2 Emergency-signaling products covered by these requirements are categorized as indicated below,
are associated with property and/or life safety and are of a non-fire/non-security alarm nature. These

products are

a) Type UM (User-Monitored) devices or systems are intended to be monitored and

user.

the uger.

b) Type SM (Self-Monitored) devices or systems are intended to be selfsmonitoring. T
are intended for, but not restricted to, commercial use.

c) Type AM (Attendant-Monitored) devices or systems are intended’to be constantly

main

d) Re
gates
purpg

1.3 Non-emergency-signaling products covered by“these requirements are categorized
ed), are not associated with property~and/or life safety, and are only evaluated relative to

(Non-Monito
product safe

1.4 A prod

provision for
scheme of g
operating pa

signals are i

installation W

devices and

1.5 These

a) Vi
Priva

evaluated with regard to product safety and to appropriateness of signaling.

hese devices are intended for household use or are personal signaling-devia

ined by competent and experienced personnel, either Jocally or at a remote sta

sidential Water Hazard entrance alarms are devices.or systems intended to b

se of sounding an audible alarm due to unauthorized entry into these areas.

1y.
Wict as covered by these requirements consists of a unit assembly of electrica
the connection of power supply circuits routed through the equipment by
ircuiting. Circuits extending from the products connect to separate devices
t of the product is actuated for signals, and to separate and/or integral devices
mdicated so as toform a coordinated system combination for definitive signaling
iring diagram attached to the product, or referenced in the product marking,
Circuits which'\have been determined to be capable of being used with the produ

quirements do not cover the following:

tested by the
es carried by

hese devices
operated and

ion.

e installed on

doors, or access barriers surrounding residential swimming pools, spas, or hot tubs for the

as Type NM

parts having
a prescribed
by which the
by which the
services. An
indicates the
ct in the field.

Appliances —

e
1ua| signaling appliances as covered by the Standard for Visual Signaling

te Mode Emergency and General Utility Signaling, UL 1636;

b) Audible signaling devices not provided as part of the product and covered by the Standard for
Audible Signal Appliances, UL 464;

c) Equipment intended for use in fire-protective signaling systems used to detect, monitor, signal,

or co

ntrol a fire condition;

d) Equipment intended for use in security alarm systems used to protect against burglary;

e) Home health-care signaling equipment as covered by the Standard for Home Health-Care
Signaling Equipment, UL 1637.
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2 General

2.1 Components

2.1.1 Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with
the requirements for that component. See Appendix A for a list of standards covering components used in
the products covered by this standard.

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

a) Involves a feature or characteristic not required in the application of the component in the

product covered by this standard, or

b) Is superseded by a requirement in this standard.
2.1.3 A conjponent shall be used in accordance with its rating established for theé intended [conditions of
use.

2.1.4 Specific components are incomplete in construction features, or” restricted in [performance

capabilities.
temperatures

2.2 Units of

2.21 Values
approximate

2.2.2 Unles
mean-square

2.3 Undate

231 Anyu
be interpreteq

3 Glossary

3.1 Forthe

Such components are intended for use only under limited conditions, suc
not exceeding specified limits, and shall be used only dnder those specific cond

measurement

b stated without parentheses are the requirement. Values in parentheses are e
nformation.

5 otherwise indicated, all voltage .and current values mentioned in this stand
(rms).

H references

ndated reference to.a\code or standard appearing in the requirements of this s
as referring to the latest edition of that code or standard.

burpose.of this Standard, the following definitions apply.

3.2 ACKN

h as certain
tions.

xplanatory or

ard are root-

tandard shall

AMERDCE T afirna—th H : kL

H 4 A 24 P Py 1N Bt HWP=o- | ok
VL LU U ouUTimmnmITmm Uidat d IIIUOOCIUU U1 OIHIIO '"ndo v ' TOUUIVOU, OSUUIl

button or the selection of a software command.

'S pressing a

3.3 ACTIVE MULTIPLEX SYSTEM - A system using a signaling method characterized by simultaneous
or sequential transmission, or both, and reception of multiple signals, including a means for positively
identifying each signal. Uses signaling devices such as transponders to transmit status signals of each
initiating device within a prescribed time interval so that lack of receipt of such signal is to be interpreted as
a trouble signal.

3.4 ADVERSE CONDITION — Any condition that interferes with the proper transmission or interpretation,
or both, of status change signals.

3.5 ALARM SIGNAL — A signal indicating an emergency condition requiring immediate action.
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3.6 ANNUNCIATOR - An electrically operated visual indicating device containing identified targets or
indicator lamps, alphanumeric displays or other means determined to be the equivalent in which each
indication provides status information about a circuit, condition, and/or location.

3.7 CHANNEL — A path for voice or signal transmission utilizing modulation of light or alternating current

within a frequency band.

3.8 CIRCU

IT CLASSIFICATION:

a) HIGH-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having

chara

b) LO
curre

c) PC
and T|

3.9 COMBI
part in comn

or building afitomation.

3.10 CONT|
including any
property own

3.1 DERI
multiplex chg

3.12 DIGIT
displays sigf
telephone ne

3.13 DIGIT
from a digit
through the g

3.14 DIGIT]
initiating dev
dials a prese

cteristics in excess of those of a low-voltage circuit.

-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 yo
nt (AC) rms, 42.4 volts direct current (DC) or peak.

WER-LIMITED CIRCUIT — A circuit wherein the power is limited as/specified
pble 42.2.

INATION SYSTEM — An emergency system whose components might be used,
on with a non-emergency signaling system such as non-critieal process monit

IGUOUS PROPERTY — A single owner or single ‘User on a continuous pl

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

ED CHANNEL - A circuit that uses the\local leg of the public switched networ
nnel while simultaneously allowing thatleg's use for normal telephone communi

A\L-ALARM COMMUNICATOR RECEIVER (DACR) — A system component that
als from digital-alarm communicator transmitters (DACT's) sent over the pu
twork.

AL-ALARM COMMUNICATOR SYSTEM (DACS) — A system in which signals a
hl-alarm communicator transmitter (DACT), located remote from the supery
ublic switched telephone network to a digital-alarm communicator receiver (DAC

AL-ALARM COMMUNICATOR TRANSMITTER (DACT) — A system compor
ces orgroups of devices are connected. The DACT seizes the connected tg
lected number to connect to a digital-alarm communicator receiver (DACR),

ts alternating

in Table 42.1

in whole or in
bring, paging,

bt of ground,

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

as an active
cations.

receives and
blic switched

e transmitted
ising station,
CR).

ent to which
lephone line,
and transmits

signals indic

L H=v EP-% TH bhaona
ul IH d oldiluo uiidal IHU-

3.15 DIGITAL-ALARM RADIO RECEIVER (DARR) — A system component that receives and decodes
radio signals.

3.16 DIGITAL-ALARM RADIO SYSTEM (DARS) — A system in which signals are transmitted from a
digital-alarm radio transmitter (DART) located remote from the supervising station through a radio channel
to a digital-alarm radio receiver (DARR).

3.17 DIGITAL-ALARM RADIO TRANSMITTER (DART) — A system component to which initiating
devices or a group of devices are connected.

3.18 EMERGENCY - Associated with property and/or life safety and are of a non-fire/non-security alarm
nature.
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3.19 EMERGENCY VOICE/ALARM COMMUNICATIONS — Dedicated manual or automatic facilities for
originating and distributing voice instructions, as well as evacuation signals pertaining to an emergency, to
the occupants of a building.

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

3.21

EVACUATION — The withdrawal of occupants from a building.

3.22 FAULT — An open or ground condition singularly applied on any line extending from a product.

EOLUDAMMEALT A

3.23 FIXED
electrically to

3.24 HOUS
dwellings, mu
3.25 INITIA]

3.26 INITIA]
of which resu
3.27 INTER

3.28 KEYPA

containing identified targets or indicator lamps, alphasnumeric displays, or other means dete

the equivaler
location.

3.29 LEG F

unit to a primary or secondary trunk facCiljty.

3.30 LOCAI
initiating and
attended sup
3.31 NON-H

3.32 NOTIF

H 4 <l $ Ll ot HY Aol 4 o 4
LIUIT IVILLINT = l'\lly CUUIPITITTIU U PJTOUUULL tUiat 1o TTICTiucTuUu U UC PTTTTaricriy

the wiring system.

FHOLD — The family living unit in single-family detached dwelling,/single-fan
Iti-family buildings, and mobile homes.

[ING CIRCUIT — Circuit to which automatic or manual initiating'devices are conn

[ING DEVICE — A manually or automatically operated device, the normal intend
ts in signal indication from the product/system.

COM — Two-way voice communication equipmentintended for emergency use.

D — A means of manually controlling the{product. Provided with a visual indi

t in which each indication provides/status information about a circuit, cong

ACILITY — That part of a_.communication channel that connects not more thar

. MONITORING MNIT — A product located at the protected property which
ndicating devices-for alerting occupants at the premises or transmits signals td
brvising station.

MERGENCY FUNCTION — Not associated with property and/or life safety.

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

y connected

nily attached

ected.

ed operation

tating device
rmined to be
ition, and/or

one remote

connects to

a constantly

tputs, or any

combination t

ereotf.

3.33 NOTIFICATION APPLIANCE CIRCUIT — A circuit or path directly connected to a notification
appliance.

3.34 NOTIFICATION ZONE - An area covered by notification appliances that are activated
simultaneously.

3.35 OFF-HOOK — To make connection with the public switched telephone network in preparing to dial a
telephone number.

3.36  ON-HOOK - To disconnect from the public switched telephone network.
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3.37 OPERATING PROGRAM — The basic operating software that is alterable only to the equipment
manufacturer. This software is sometimes referred to as firmware, BIOS, or executive program.

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

3.39 PORTABLE EQUIPMENT — Any conductor, optic fiber, radio carrier, or other means for transmitting
information between two or more units and/or locations.

3.40 POWER SUPPLY — A source of electrical operating power including the circuits and terminations

connecting it

to the dependant product/system components.

3.41 PRE-H
to translate &
amplified ang

3.42 PRIM

3.43 PRIM

manually opgrating the product/system.

3.44 PRIM

amplified and

recognizable

3.45 PRIVA
station or oth

3.46 PRO(Q
influenced b

from a speci

which the mgmory is either transient or permanent and that are used for retaining informatio

status, and s|

3.47 REM(
types of circu

3.48 REPE

RECORDED MESSAGE DEVICE — An automatically- or manually-actuated, d
prerecorded message stored on a tape or other medium into an electronic,si
introduced into speakers, produces vocal or tonal information.

ARY BATTERY — Any battery which by design or construction is not intended to |
A\RY OPERATOR INTERFACE - Intended to be the main means of interfacing t
A\RY TONE GENERATOR — A device intended to.g€nerate an electronic sign
introduced into speakers, produces a hon-prerecorded, nonvocal a

as indicating an evacuation condition.

TE RADIO FREQUENCY SYSTEM — A radio system under the control of th
er company where only private access;to the system is permitted.

RAM-CONTROLLED UNIT —<A’ unit for which the intended operation is

ic system input signal.-The word "stored" refers to the action provided by mem

milar information\.

TE MONH@RING UNIT — A unit that monitors inputs and controls outputs th
its and that serves a local location.

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

ice intended

gert/al that, when

be recharged.

e controls for

al that, when
Ldible signal

e supervising

controlled or

a stored program. The word-"program,"” as used here, refers to a set of instrlictions that is
carried out in a sequential and repetitive manner and that determines the system output si

gnal resulting
bry devices in
n, instruction,

ough various

ice or similar

device and tf

S HWHZOV IR N
< |U\JUIVIII9 urirt.

3.49 RESIDENTIAL WATER HAZARD ENTRANCE ALARM — A product intended to monitor moveable
accesses (doors, screens, or similar structures) that give direct access to residential aquatic areas such as
swimming pools, spas or hot tubs.

3.50 RISK OF ELECTRICAL SHOCK - A risk of electrical shock is determined to exist within a circuit
unless that circuit meets one of the following criteria:

a) The circuit is supplied by an isolating source such that the maximum open circuit voltage
potential available to the circuit is not more than 30 V AC rms, 42.4 V DC, or 42.4 V peak or

b) The circuit is supplied by an isolating source such that the current available through a 1500-ohm
resistor connected across any potential in the circuit (including to ground) does not exceed 5 mA.
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3.51

the following criteria:

RISK OF FIRE — A risk of fire is determined to exist within a circuit unless that circuit meets both of

a) The circuit is supplied by a power source such that the maximum open-circuit voltage potential
available to the circuit is not more than 30 VAC or 42.4 V peak and

b) The circuit in which the power available to the circuit is limited to a value less than 15 watts.

3.52 SIGNALING CIRCUIT — A circuit over which signals are transmitted between separately enclosed

equipment.

3.53 SITE-SPECIFIC SOFTWARE — Software that defines the specific operation and configuration of a

particular sys
specific oper3

3.54 STANI
alternative is

3.55 STATI

dedicated space, and is provided with a power-supply cord for connection to the supply circuit

3.56 STOR

3.57 SUPEJ
signals are d
attended and

3.58 SUPPI

3.59 SUPPI
circuit.

3.60 SUPPI
the operation

3.61 SWIT(

equipment og
to establish tr

3.62 TRANJ

tem. Typically it defines the type and quantity of hardware modules, customize
ting features of a system.
Another electrical power source, a rechargeable battery, or a non-rechargeable

DNARY EQUIPMENT — Any product that is intended to be fastened in place o

AGE BATTERY — Any battery which, by design or cofistruction, is intended to be

RVISING STATION — The operator interface of.a Type AM system to which alarr]
rectly monitored or are received from remote monitoring units. Intended to |
maintained by competent and experienced.personnel.

LEMENTARY — Refers to equipment or'operations not required by this standard.

LEMENTARY-DEVICE CIRCUIT — A circuit provided by the product for controll
of which is supplementary to the primary initiating alarm and alerting devices of

HED TELERKHONE NETWORK — An assembly of communication facilities and
erated jointly by authorized service providers that provides the general public w
ansmission channels via discrete dialing.

d labels, and

BY POWER SOURCE - Provides power when the primary power soufce fails. An

attery.

located in a

recharged.

n and trouble
e constantly

l[EMENTARY DEVICE - A device intended to be connected to a supplemgntary-device

ng a device,
he product.

central office
ith the ability

BIVHSSION FAULT — A condition which interrupts communication on a signaling

ircuit.

3.63 TRANSMITTER — A system component that provides an interface between signaling circuits,

initiating circu

its/devices, or other units and the transmission channel.

3.64 TRANSPONDER — A multiplex alarm transmission system functional assembly located remote from
the supervising station.

3.65 TROUBLE SIGNAL — A signal indicating a fault condition of any nature, such as a circuit break or
ground or other trouble condition occurring in the device or wiring associated with the product.

3.66 TRUNK FACILITY — That part of the communication channel that connects two or more leg facilities
to a supervising station.
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a) PRIMARY TRUNK FACILITY — That part of a communication channel that connects all leg
facilities to a supervising station.

b) SECONDARY TRUNK FACILITY — That part of a communication channel that connects all leg
facilities to a supervising station.

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

4 Equipment Types

4.1 Signali
facilitate det
to each type.

irmining the applicable requirements. See Table 4.1 for references to the sedtig

Table 4.1
Sections of standard applicable to equipment types

wing types to
ns applicable

Eq

bnts, sections

Residential wg

Lipment types Construction requirements, sections Performance requiremsd
NM 5-33 34 - 56, 62, 64 — 6¢

UM, SM, AM 5-33 34-176,81—

ter hazard entrance alarm 5-33 34-84

,81-84
84

5 Installati

5.1 A copy|
installation d
a printed edit

5.2 The in
installation, t

6 Compati
6.1

operating as
shock, or inju

The inferconnection of the product with other products shall be evaluated for th

pn and Operating Instructions

rawings shall be used as a guide-in the examination and test of the product. For
ion is not required.

structions and drawings jshall include directions and information for proq
bsting, maintenance zoperation, and use of the product.

pility

a coordinated system relative to the intended emergency signaling and witho
ry to persons.

of the installation and operating instructions and related schematic wiring diagrams and

this purpose,

er and safe

b purpose of
ut risk of fire,

6.2 The requirements of 6.1 apply to:

a) Separate products connected to any circuit and by which the operating parts of the product are

actua

ted for signaling and/or action and

b) Separate or incorporated appliances or units by which signals are indicated or actions carried

out.

6.3 Power circuits interconnecting products shall have compatible voltage and current ratings.

6.4 Al equi

pment directly connected to the product shall be evaluated for the application.
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CONSTRUCTION

ALL PRODUCTS

7 General

7.1 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.

7.2 Metals, when required to meet the requirements of this standard, shall not be used in such
comblnatlon as to cause galvanlc actlon that increases the rlsk of flre electrlc shock |nJury to persons, or

7.3 When breakage or deterioration of a part such as an enclosure, a frame, a guard.results in a risk of
injury to persgns, then the part shall be constructed to meet the demand or expected, loading ¢onditions.

7.4 The reqpirement in 7.3 applies also to those positions of a part adjacent to, amoving pait identified to

involve a risk [of injury to persons.
8 Enclosurg

8.1 Genera

8.1.1 All electrical parts of a product shall be enclosed te provide protection of internal components and

prevent contgct with uninsulated live parts.

8.1.2 Enclosures shall have the strength and rigidity to resist the abuses to which the product is likely to
be subjected Huring intended use without increasing the risk of fire, electrical shock, or injury tp persons

8.1.3 Enclogure parts fastened with.‘adhesive meeting 11.5

— 11.8 shall comply with the test

requirements| in Mechanical Strength jTests for Metal Enclosures and Guards and Endlosure Parts

Fastened with Adhesive, Section 48.

8.2 Metallig material

8.2.1 An entlosure ofimetal shall have a minimum thickness as specified in Table 8.1, Table|8.2, or Table
8.3 or shall gomplywith the test requirements in Mechanical Strength Tests for Metal Englosures and
Guards, and Enclosure Parts Fastened with Adhesive Section 48.

Table 8.1

Cast-metal electrical enclosures

Minimum thickness

Cast metal other than

dimension greater than 6 inches (152 mm)

Die-cast metal, die-cast,
Use, or dimensions of area involved?® inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less and having no dimension 1/16 1.6 1/8 3.2
greater than 6 inches (152 mm)
Area greater than 24 square inches (155 cm?) or having any 3/32 2.4 1/8 3.2

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Minimum thickness

Cast metal other than
Die-cast metal, die-cast,
Use, or dimensions of area involved? inch (mm) inch (mm)
At a threaded conduit hole 1/4 6.4 1/4 6.4
At an unthreaded conduit hole 1/8 3.2 1/8 3.2

area.

@ The area limitation for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs subdividing a larger

Minimunp thickness of sheet metal for eletzl;?ie:lael %r?closures of carbon steel orcstainjess steel
With supporting frame or equivalent
Withou{ supporting frame? reinforcing® Minimum thicKness
Uncoated, Metal coated,

Maximum width,” | Maximum length,® | Maximum width,® | Maximum length, |.inches (mm) indhes (mm)
inches (9m) | inches (cm) | inches (cm) | inches (cm) [MSG] [GBGI]

4.0 10.2 Not limited 6.25 15.9 Not limited 0.020 (0.51) 0.023 (0.58)

4.75 121 5.75 14.6 6.75 171 8.25 21.0 [24] [24]

6.0 1%.2 Not limited 9.5 241 Notlimited 0.026 (0.66) 0.029 (0.74)

7.0 171.8 8.75 22.2 10.0 254 12.5 31.8 [22] [22]

8.0 20.3 Not limited 12.0 30.5 Not limited 0.032 (0.81) 0.034 (0.86)

9.0 229 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) 0.045 (1.14)

14.0 3%.6 18.0 457 21.0 53.3 25.0 63.5 [18] [18]

18.0 457 Not limited 27.0 68.6 Not limited 0.053 (1.35) 0.056 (1.42)

20.0 50.8 25.0 63.5 29.0 73.7 36.0 91.4 [16] [16]

22.0 55.9 Not limited 33.0 83.8 Not limited 0.060 (1.52) 0.063 (1.60)

25.0 68.5 31.0 787 35.0 88.9 43.0 109.2 [15] [15]

25.0 68.5 Not-limited 39.0 99.1 Not limited 0.067 (1.70) 0.970 (1.78)

29.0 78.7 36.0 91.4 41.0 104.1 51.0 129.5 [14] [14]

33.0 88.8 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 1321 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]

& 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:

Table 8.2 Continued on Next Page


https://ulnorm.com/api/?name=UL 2017 2024.pdf

16

UL 2017

JANUARY 17, 2024

Table 8.2 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness

Maximum width,”

inches

(cm)

inches (cm)

Maximum length,°®

Uncoated,
Maximum width,® | Maximum length, | inches (mm)
inches (cm) inches (cm) [MSG]

Metal coated,
inches  (mm)

[GSG]

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

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

3) An enclosure surface loosely attached to a frame, for example, with spring clips.

® The width is th
enclosure may |

¢ For panels whi
limited to the din

e-smallerdimension-of atrectangularshestmetalpiece-which-ispart-of an-enclosure-Adjacentsufaces of an

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

ch are not supported along one side, for example, side panels of boxes, the length of the unsuppertgd side shall be
hensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wjde.

Minimum thickness of sheet metal for electrical enclosures of aluminum, copper, ¢

Table 8.3

r brass

With supporting frame or equivalent
WitHout supporting frame® reinforcing?®
Maximum wjdth,? Maximum length,® Maximum width,” Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
3.0 7.6 Not limited 7.0 17.8 Not limited
3.5 8.9 4.0 10.2 8.5 21.6 9.5 241 0.023 0.58
4.0 10.2 Not limited 10.0 25.4 Not limited
5.0 12.7 6.0 15.2 10.5 26.7 13.5 34.3 0.029 0.74
6.0 15.2 Not limited 14.0 35.6 Not limited
6.5 16.5 8.0 20.3 15.0 38.1 18.0 457 0.036 0.91
8.0 20.3 Not limited 19.0 48.3 Not limited
9.5 241 11.5 29.2 21.0 53.3 25.0 63.5 0.045 1.14
12.0 30.5 Not limited 28.0 711 Not limited
14.0 35.6 16.0 40.6 30.0 76.2 37.0 94.0 0.058 1.47
18.0 45.7 Not limited 42.0 106.7 Not limited
20.0 50.8 25.0 63.5 45.0 114.3 55.0 139.7 0.075 1.91
25.0 63.9 Not limited 60.0 152.4 Not limited
29.0 3.7 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 1321 Not limited 123.0 312.4 Not limited
60.0 152.4 74.0 188.0 130.0 330.2 160.0 406.4 0.153 3.89

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending

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),

Table 8.3 Continued on Next Page
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Table 8.3 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing®

inches

Maximum width,?

Maximum length,® Maximum width,? Maximum length,

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

Minimum thickness,

inches

(mm)

enclosure may

be limited to th

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

3) An enclosure surface loosely attached to a frame, for example, with spring clips.
® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an

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

° For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall

M) wide.

8.2.2 Wher
wall, or wher

threads for the connection of conduit are tapped all the way through a‘hole in
a construction that is determined to be the equivalent is used, there Shall not b

an enclosure
e less than 3-

1/2 nor mor¢ than 5 threads in the metal, and the construction shall be such\that a stapdard conduit

bushing is c3

8.2.3 Wher
enclosure w4
inlet hole fo
equivalent to

8.24 Atan
be minimum

minimum to gn uncoated flat sheet of steel.

8.3 Polymeéric materials

8.3.1
for Polymerig
requirements

8.3.2 Polymeric material that'is not used as an enclosure, but that is attached to or ex

outside of a
8.4.

Polymeric materials used as an:enclosure shall comply with the applicable portion of]

pable of being attached.

threads for the connection of conduit are tapped only paft of the way through
Il, there shall not be less than five full threads in the megtal- There shall be a sm
r the conductors which shall afford protection to{the conductors determin
that provided by a standard conduit bushing.

/ point where conduit or metal-clad cable shall be attached to the enclosure, shg

a hole in an
both, rounded
ed to be the

et metal shall

0.032 inch (0.81 mm) thick or shall be formed or reinforced so that it shall have the stiffness

Materials — Use in Ele¢trical Equipment Evaluations, UL 746C, and also with
specified in this Standard.

broduct such‘as a viewing window, shall have flammability characteristics as s

Taple: 8.4

the Standard
the additional

posed on the
hown in Table

El bility cf f pol . ial

Polymeric material area/dimensions

Flammability rating

Greater than 0

Greater than 2
feet (0.93 m?),

(1.83m)

0.24 inches® (4 cm®) maximum and 2.4 inches (61 mm)
maximum length

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

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

None
HB, V-2, V-1, V-0, or 5V

square feet (0.19 m?) and less than 10 square V-1, V-0, or 5V

6 feet (1.83 m) maximum length

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

in Devices and Appliances, UL 94

Standard for Tests for Flammability of Plastic Materials for Parts

d in the
istics of
pecified in the
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8.3.3 Conductive coatings applied to nonmetallic surfaces such as the inside surface of an enclosure,
shall comply with the appropriate requirements in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C, unless flaking or peeling of the coating cannot result in the reduction of
spacings or the bridging of live parts.

8.3.4 A polymeric enclosure intended for connection to a rigid metallic conduit system shall comply with
the requirements for polymeric enclosure rigid metallic conduit connections in the Standard for Enclosures
for Electrical Equipment, UL 50.

8.3.5 The continuity of a conduit system shall be provided by metal-to-metal contact and not rely on a
polymeric material and shall comply with the requirements for polymeric enclosure bonding in the

Standard for

nclosures for Electrical Equipment, UL 50

8.4 Covers

84.1 Anen

a) To fuses or any other over current-protective device, the intended protéective functio

requir

b) Wh

Exception: In|
means of a t
applies only {
on a continuin

8.4.2 Norm
silencing an
action in conr

8.4.3 A hing
portions of in
circuit damad
wording that
"Circuit Fuse

8.4.4 Glass

!

[s) Inside — Disconnect Power Prior To Servicing."

closure cover shall be hinged, sliding, pivoted or similarly attached to'provide ac

bs renewal or

En it is necessary to open the cover in connection with the normal operation of th

lieu of providing a hinged, sliding, or pivoted cover, supervision of the enclos
hmper feature is suitable when its operation results in either a trouble or alarn
D over current devices such as fuses or circuit breakers or other indicators that
g basis.

| operation, referenced in 8.4.1, isidétermined to be operation of a switch for
udible signal appliance or operation of any other component of a unit which 1
ection with its intended performance.

ed cover is not required when the only fuse(s) enclosed is intended to provide
ternal circuits used ©on .a separate printed-wiring board or circuit subassembl
e resulting from a-fault. The use of such a fuse(s) is suitable when the follow
nas been determined to be equivalent) is indicated as a marking on the outside

displaced a

B

covering an observation opening shall be tempered and secured in place so thg

L€SS!:

ning of which

e unit.

ure cover by
) signal. This
are not used

testing or for
equires such

protection to
y, to prevent
ing (or other
of the cover:

t it cannot be

shallprovide mechanical protection for the enclosed parts. The thickness of & glass cover
shall not be Igss than that indicated in Table 8.5.

Table 8.5
Thickness of glass covers

Maximum size of opening

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

@ 1/8 inch (3.2 mm) or more, depending upon the size, shape,

and mounting of the glass panel.
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8.4.5 A glass panel for an opening having an area of more than 144 square inches (929 cm?), or having
any dimension greater than 12 inches (305 mm), shall be supported by a continuous groove not less than
3/16 inch (4.8 mm) deep along all four edges of the panel, or other means that have been determined to
be an equivalent arrangement.

8.4.6 A transparent material other than glass used for the cover of an observation opening shall not
introduce a risk of fire, distort, nor become less transparent at the temperature to which it is intended to be
subjected under either normal or abnormal service conditions. See 8.3.2.

8.5 Battery compartments

8.5.1
occupied by
air for dispe
incorporated

partme or vented-storage batte all-have otalvolume-at least-twice the volume
the batteries. Ventilating openings shall be provided and so located as to permif circulation of
sion of gas while the battery is being charged at the highest rate permitted by the means
in the control unit.

8.5.2 The i
detrimental 3

hterior of a storage battery compartment shall be protected so)that it will bg resistant to

ction by the electrolyte.

8.6 Enclosiure openings — general

8.6.1 An erjclosure intended for recessed mounting and whos@front panel is to be flush with the surface
of the wall shall have no openings that vent into concealed-spaces of a building structure| such as into
hollow spacgs in the wall, when the product is mounted as intended.

8.6.2 The nequirement in 8.6.1 does not apply to, an opening for a mounting screw or
manufacturirjg operation (such as paint drainage) when:

nail or for a

a) The opening does not have a dimgnsion greater than 17/64 inch (6.75 mm) or ar

area greater
than (.055 square inch (35.5 mm?).and

b) There are no more mounting screw holes than are needed to mount the product.
8.7 Enclosure top openings

8.7.1

energy/high-
is such that
Figure 8.1 fo

An o

ening directly:over an uninsulated live part involving a risk of fire, electric shock]
current levels, shall not exceed 0.20 inch (5.0 mm) in any dimension unless the
a vertically falling object cannot fall into the unit and contact an uninsulated
- examples of top-cover designs complying with the intent of the requirement.

| or electrical-
configuration
ive part. See
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Figure 8.1

Cross-sections of top-cover designs

—

EGS00

8.8 Enclosurre side openings

SLANTED OPENINGS

HEH

VERTICAL OPENINGS

8.8.1 An opgning in the side of the enclosure shall:

a) Notlexceed 0.19 inch (4.8 mm) in any dimension;

b) Be provided with louvers shaped to deflect an external falling object outward. See |

examples of louverdesigns complying with the requirement; or

c) Be |ocated and of such size so that objects which are to be present cannot fall intg
drop (yith noherizontal velocity) onto uninsulated live parts involving a risk of fire, eleg

electricalzenergy/high-current levels, or parts involving injury to persons.

Figure 8.2 for

the unit and
tric shock, or
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Figure 8.2

Louvers

INSIDE OUTSIDE

8.8.2 Wher
that portion g

EC510

a portion of a side panel falls within the area traced out by the 5 degree angle

I
OUTWARD PROJECTION

INSIDE OUTSIDE

INWARD PROJECTION

in Figure 8.3,

f the side panel shall be inyestigated as a bottom enclosure in accordance with 8.9.1 — 8.9.3.
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Figure 8.3

Enclosure bottom

A — The entire Compenent-underwhich-an-enclosure—(Hat-erdished-with-or-witheut-a-lip-or-etherraised-edgej-of noncombustible
material is to be provided. The sketch is of an enclosed component with ventilation openings showing that the enclosure is required
only for those openings through which flaming parts are to be emitted. When the component or assembly does not have its own
noncombustible enclosure, the area to be protected is the entire area occupied by the component or assembly.

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

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

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

8.9.1 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 8.3, that complies with the
ventilation opening requirements in 8.9.2 and 8.9.3 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-protected and thermally protected motors.

not rated V-1
that materials
do not fall directly from the interior of the unit. Other bottom-opening constructions that.comply with the
intent of the fequirements are those that incorporate a perforated metal plate as described in Table 8.6, or
a galvanized| or stainless-steel screen having a 14 by 14 mesh per 1 inch (25.4pnm) constfucted of wire
with a minimym diameter of 1/64 inch (0.4 mm). Other constructions are to be xsed only whep they comply
with the Ignitjon Test Through Bottom-Panel Openings, Section 50.

Table 8.6
Perforated metal plates

Minimum spacing of hdles center-to-

Minimum thickness, Maximum diameter of\holes, 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 perinch?]  [11|holes per cm?]

0.036 0.91 0.063 1.60 0.109 2.77

0.036 0.91 0.078 1.98 0.125 3.18

8.9.3 The hottom of\the enclosure under areas containing only materials rated V-1 or less flammable
shall have opening&:no larger than 1/16 inch? (40 mm?).

8.10 Gaskets

8.10.1 A gasket shall be of a material suitable for the temperature and use to which it will be subjected.
The gasket material shall be resistant to aging. A gasket that will be disturbed during routine servicing,
such as during battery replacement, shall be formed of resilient material such as neoprene or silicone
rubber.

8.10.2 A gasket of neoprene, rubber, neoprene composition, or rubber composition used to prevent the
entry of water into a fixture shall be subjected to the Gasket Accelerated Aging Test, Section 54, and when
intended for outdoor use, Gasket Low Temperature Test — Outdoor Use, Section 55.

8.10.3 A gasket material other than those specified in 8.10.2 meets the intent of the requirements when
the characteristics are determined to be the equivalent, including resistance to aging. Such material is
determined resistant to aging when there is no visible evidence of deterioration (such as cracking after
flexing, softening, or hardening) after these characteristics are investigated.
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9 Internal Materials

9.1 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.

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

Exception: M
and other elg
test applicab
parts) and in
requirements
V-1 or less-fl3
high current |

a) Ge
small

b) Tuk
Foam
Materi
requir

10 Accessi

10.1 Tored
or film-coateq
minor dimens
illustrated in H

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

JtUlO, lUl’ayO, uapauituro, ocllllLuuG’uutu:o, L‘lauofuuuclo, OVVI.tl/IL;GO, I’lloullatlllly tu
ctrical elements are exempt from the above requirement when they comply.w
e to the component. Meter faces and cases (when determined capablé for 1
Hicator lamps or jewels, or both, are exempt from flammability requirements.

apply to parts that are isolated either by at least 0.5 inch (12.5 mm)_of air, ora s
mmable material from uninsulated electrical parts that involve a risk' from elect
bvels:

hrs, cams, belts, bearings, strain-relief bushings applied over PV C-jacketed cor
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Figure 10.1
Articulate probe with web stop
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10.2 The probe mentioned in 10.1 and illustrated in Figure 10.1 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
10.1 shall be applied in any possible configuration; and, when necessary, the configuration shall be
changed after insertion through the opening.

10.3 The probe mentioned in 10.1 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.

10.4 During the examination of a product to determine whether it complies with the requirement in 10.1,

a part of the

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

(to attach an

accessory, to

11 Mechan

11.1 A prod
intended ope

11.2 A swit
similar compq

Exception No
a) The
A togd
opera
b) The
c) The

d) The

make an operating adjustment, or for other reasons) shall be opened or remove
cal Assembly

uct shall be assembled so that it will not be affected adversely-by’ vibration r
ation, such as the operation of motors or similar products producing vibrations.

Ch, fuseholder, lampholder, attachment-plug receptacle{" motor-attachment p
nent shall be mounted securely and shall not turn.

1. When the turning of a switch is possible, all four of the following conditions §

switch shall be of a plunger, slide, or othertype that does not tend to rotate wh
lle switch is determined to be subject to*forces that tend to turn the switch du
jon of the switch;

means for mounting the switch makes it unlikely that operation of the switch looj
spacings are not reduced below the minimum required values when the switch

intended operation of thé switch is by mechanical means rather than by dire

persofs.

Exception N(
lampholder o
which the lam

11.3 Frictior]

. 2:  When, retation does not reduce spacings below the minimum requi
[ the type if-which the lamp cannot be replaced, such as a neon pilot or ind
p is sealed.in a nonremovable jewel, complies with the intent of the requirement

between surfaces shall not be used for securing the position of the parts specif

lock washer

d.

bsulting from

ug, or other

hall be met:
en operated.
ring intended
sens it;
rotates; and

ct contact by

red value, a
cator light in

edin 11.2. A

s <suitable as a means to secure the pneiﬁnn of a device hn\/ing a einglo_h

le mounting

means.

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

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

11.5 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


https://ulnorm.com/api/?name=UL 2017 2024.pdf

JANUARY 17, 2024 UL 2017 27

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

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

11.6 The requirement in 11.5 applies to an adhesive used to secure a part, including a nameplate, which

may, if loosened or dislodged:

a) Energize an accessible dead metal part,

b) Make a live part accessible,

¢) Refluce spacings below the minimum required values,
d) Shprt-circuit live parts,
e) Make a limited-accessible control accessible, or
f) Affgct the normal operation of the product.
11.7 WhetHer the conditions specified in 11.6 (a) — (f) can occur is4o 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 dgvice is to be
installed.
11.8 Parts s$ecured using adhesive are to be installed in or on the product before leaving thg factory.
12 Protectjon Against Corrosion
12.1 Iron apd 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 resylts in a risk of
fire, electric shock, injury to pefsons, or impairment of operation of a product associated with life safety

and/or prope

Exception N
protected ag
weaken the
evaluated.

rty protection.

. 1: Surfaces of sheet-steel and cast-iron parts within an enclosure are not 1
hinst corrasion when oxidation of the metal due to exposure to air and moisture
barts<torresult in a condition of risk. The thickness of metal and temperature 4

equired to be
is not likely to
re also to be

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

13 Branch-

13.1

13.1.1

Circuit Connection

General

means for permanent connection to the branch-circuit supply.

A product intended for permanent connection to the building structure shall be provided with a

13.1.2 A household use product intended to be installed by the homeowner shall be cord connected.
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13.2 Permanently connected

13.2.1 General

13.2.1.1 A product 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 instructions specifically indicate which sections of the enclosure may be drilled in the field for
the connection.

13.2.1.2 Al
(60°C) have
as specified i
the opening \

13.2.2 Field

13.22.1 Th
permanently-
without distur|

13.222 A
product so th

13.2.3 Field

13.2.3.1 A
connection of
when connec|

13.2.3.2 Th
more, provids
rubber or the
connection to

Exception: TH
lead results in

||uulr\uut Ul Uthcl aupp:y bUIIIIC\Jt;UII U}JUII;IIH :uuatcd VVhGIG tUIIIpGIGtuIUO ;II CAU
been measured during the Temperature Test, Section 38, and not having qualif
n 83.1.6, shall be sealed by welding or the equivalent or be permanently.fmarke
ith: "Do Not Use".

-wiring compartment
b |ocation of a terminal box or compartment, in which branch-circuit conn

vired product are to be made, shall be such that the connections can be read
bing the wiring or the product after the product has beent.installed as intended.

rminal compartment intended for connection of.a supply raceway shall be atf
t it does not turn.

-wiring terminals and leads
permanently connected product_shall be provided with wiring terminals or |
conductors having an ampacity.not less than 125 percent of the current input g

ed to a power-supply voltage'in accordance with 36.2.

b free length of a lead‘inside a terminal box or compartment shall be 6 inches

rmoplastic, shall'\not be less than 1/32 inch (0.8 mm) when the lead is inter
an external eircuit.

e lead shall be less than 6 inches (150 mm) long when it is evident that the us
a risk-of fire or electric shock

ess of 140°F
ying marking
d adjacent to

lections to a

ily inspected

ached to the

eads for the

f the product

(150 mm) or

d with strain relief, shall not be smaller than 18 AWG (0.82 mm?), and the insuldtion, when of

ded for field

e of a longer

13233 A

eig-wiring terminat shattbe keptfrom torming or shifting i position by mea

s other than

friction between surfaces. This shall be accomplished by two screws or rivets, by square shoulders or
mortises, by a dowel pin, lug or offset, by a connecting strap or clip fitted into an adjacent part, or by some
other method determined to be the equivalent.

13.2.3.4 A field-wiring terminal shall comply with the requirements in 14.4.1 for field-wiring terminals
(general application).

Exception: A wire-binding screw at a wiring terminal shall not be smaller than No. 10 (4.8 mm) diameter, or
a No. 8 (4.2 mm diameter) screw used at a terminal intended only for the connection of a 14 AWG (2.1
mm?) conductor.
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13.2.4 Identified terminals and leads

13.2.4.1 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 over-current 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 over-current
protective devices of the single-pole type other than automatic controls without a marked-off position.

13.2.4.2 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

13.2.4.3 A |ead intended for the connection of a grounded power-supply conductor, shdll be finished

white or a gray color and shall be distinguishable from the other leads.
13.2.5 Strdin relief

13.251 A

mechanical s
leads provid
internal conn

13.2.5.2 Ez
during install
without any €

13.3 Cord-

13.3.1 Cor
13.31.1 A
grounded atf
13.1 and Tab

means of strain relief shall be provided for the field supply leads of a product t
tress from being transmitted to terminals and internal connections. Inward mo
bd with a ring-type strain relief or means determined.i0 be the equivalent sha
ections or components, or result in a reduction of electrical spacings.

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

s and plugs

product shall be provided with a length of 5 — 15 feet (1.5 — 4.5 m) flexibl
achment plug when.intended for connection to a line voltage branch-circuit supj
le 13.2.

Exception Nd
feet (7.5 m).

Exception N

. 1: A length:of flexible cord of Type S, or cord determined to be equivalent, not

.. 25 VThe length of the power-supply cord on an appliance intended for a speci

D prevent any
ement of the
| not damage

t or handling
nds (4.54 kg)

b cord and a
ly. See Table

exceeding 25

al installation,

such as dedi
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Exception No. 3: A polarized attachment plug, rather than a grounded attachment plug, when the product
has no accessible dead metal parts likely to be energized.

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 13.1
Need for grounding, polarization, and double insulation

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 double insulation

Grounding, polarization, or insulation scheme of double
insulation

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

Wall-mounted groducts

Table 13.2
Power supply cords
Type of appliance Type of cord
Table-model (fgr use on a table, desk, or counter-top) products SV, SP-2, SP-3
that are not frequently moved
Products that afe intended for use on desks, counters, or tables SV, SP-2
and are moved [frequently
Hand-held products TS?, SVP
Floor-mounted products SJ, S

SV¢, SP-2°, SP-3°, 8J, S

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

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

2 A tinsel cord shall be used when all of the following conditions are met:

)
2) The cord ig attached to the product directly or by means of a plugrintended for that purpose;
)

4) The intended use of the appliance requires an extremély flexible cord.
® Type SV and gimilar cords shall be used when each conductor is made up of 36 AWG (0.01 mm?) strands.

¢ Type SV, SP-2, SP-3, and similar cords shall be Used only when the cord is no longer than 5 feet (1.5 m).

13.3.1.2 The flexible cord shallhave a voltage rating not less than the rated voltage of the|product, and

shall have anlampacity that is.not less than the current rating of the product.

13.3.1.3 The flexible eord on a cord-connected unit shall be as indicated in Table 13.2 or|shall be of a
type at least as serviceable for the particular application. Table 13.3 specifies cord types detgrmined to be

equivalent to those-spécified in Table 13.2.

Table 13.3
Equivalent cords

Basic cord type

Equivalent types

TS
SP-2
SP-3

SV

SJ

S

TST
SPE-2, SPT-2
SPE-3, SPT-3
SVE, SVO, SVOO, SVT, SVTO, SVTOO
SJE, SJO, SJOO, SJT, SJTO, SJTOO
SE, SO, SOO, ST, STO, STOO
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13.3.1.4 The current rating of the attachment plug shall not be less than 125 percent of the product
nameplate rating.

13.3.1.5 The voltage rating of the attachment plug shall correspond to the rated voltage of the product.
When a product is intended for use on two or more different values of voltage by field alteration of internal
connections, the attachment plug provided with the product shall be rated for the voltage for which the
product is wired when shipped from the factory.

13.3.1.6 The flexible cord shall be attached permanently to the product and means shall be provided to
physically secure the attachment plug or plug-in transformer to the power receptacle so as to prevent
accidental removal.

Exception: Ror Type NM products, a detachable power-supply cord without physical secufing means is
Suitable.

13.3.2 Strdin relief

13.3.2.1 A |metal strain-relief clamp or band (without auxiliary protection) has been detgrmined to be
suitable with|Type SJ, S, SJT, ST or similar jacketed cords. A metal strain-relief clamp or band has been
determined to be suitable with Type SV, SP-2, SPT-2, or SVT cords©nly when noncondu¢ting auxiliary
mechanical protection is provided over the cord.

13.3.2.2 Means shall be provided so that the flexible cord cannot be pushed into the produgt through the
cord entry hple when such displacement results in damage to the cord or exposure of the cord to a
temperature higher than that for which the cord is rated.or’can reduce spacings, such as to 3 metal strain-
relief attachment, below the minimum required values.

13.3.2.3 A power-supply cord shall be provided with strain relief means to keep tension on{the cord from
being transnjitted to terminals, splices, or wiring within the product. The strain relief means provided shall
comply with 44.1.

13.3.2.4 A knot shall not be used to provide strain relief.
13.3.2.5 When tested in accordance with Strain Relief Test — Cord-Connected Products, Section 44, the
strain-relief means provided-on the flexible cord shall be capable of withstanding for one mfnute a pull of

35 1b (15.9 kg) applied toithe cord, with no evidence of stress on the interior connections.

13.3.3 Bushings

13.3.3.1 Atthepointat-which-a—supply-cord-passes-through-an-opening-ina-waltbarrier-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.

13.3.3.2 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.

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

13.3.3.4 Vulcanized fiber is suitable, when the bushing is not less than 3/64 inch (1.2 mm) thick and is so
formed and secured in place so that it will not be affected adversely by conditions of moisture.


https://ulnorm.com/api/?name=UL 2017 2024.pdf

32 UL 2017 JANUARY 17, 2024

13.3.3.5 A separate 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 capacitor that is physically attached
to a motor when the bushing is:

a) Not less than 3/64 inch (1.2 mm) thick and

b) Located so that it will not be exposed to oil, grease, oil vapor, or other substances that tend to
have a deleterious effect on the compound used.

13.3.3.6 A bushing of any of the materials specified in 13.3.3.5 on a supply cord anywhere in a product is
suitable when it is used in conjunction with a type of cord for which an insulating bushing is not required.
The edges of the hole in which such a bushing is used are required to be free from burrs, fins, and other
conditions thgtcoulddamage the busning.

13.3.3.7 At pny point in a product, a bushing of the same material as, and moldedintegn
supply cord ig capable of being used on a Type SP-2 or heavier cord, when the thinfiest secti
than 1/16 incl (1.6 mm) thick at the point where the cord passes through the enclosure.

ally with, the
bn is not less

13.3.3.8 An
requirement,
the space bet

intent of the
mpletely fills

insulated metal grommet to be used in place of an insulating bushing meets the
When the insulating material used is not thinner than 1/32 inch (0.8 mm) and c¢
ween the grommet and the metal in which the grommetis ‘mounted.

14 Other Field-Wiring Connections

14.1 Genergl

ductors of at
rating of the

14.1.1 A product shall be provided with wiring terminals or leads for the connection of con
least the size|required by the National Electrical €6de, ANSI/NFPA 70, corresponding to the
circuit.

14.2 Field-wiring compartment

14.2.1 Ther
standard con

e shall be adequatetspace within a terminal or wiring compartment to permit|the use of a

juit bushing whenrabushing is required for installation.

14.2.2 The field-wiring compartment area of a product to which connections are to be madge is to be of

sufficient size

14.2.3 Whe
sharp edges

for completing all wiring connections as specified by the installation wiring diagr|

e it\is possible for damage to field-wiring insulation to be caused by internal cg
n\the wiring compartment, insulating or metal barriers having smooth, roundeq

am.

mponents or
edges shall

be provided or the following (or wording determined to be the equivalent) marked in the wiring area:
"CAUTION — When Making Installation, Route Field Wiring Away From Sharp Projections, Corners And
Internal Components."

14.2.4 The wiring terminals of a product intended for mounting in an outlet box shall be located or
protected so that, upon installation, the wiring in the outlet box is not forced against the terminals or other
sharp edges so as to damage the conductor insulation.

14.3 Power-limited circuits

14.3.1 When the design of the product is such that the product either requires or permits Class 2 or
Class 3 power-limited circuit conductors to occupy the same enclosure as electric light, power, Class 1, or
non-power-limited fire protective signaling circuit conductors, both of the following conditions shall be met:
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a) The enclosure shall provide either a minimum of two cable openings into the enclosure or, when
a single opening is provided, a continuous and firmly fixed nonconductor, such as flexible tubing.
This is required so that the Class 2 or Class 3 power-limited conductors are segregated from
electric light, power, Class 1, and non-power-limited fire protective signaling conductors. The
installation document of the product shall completely detail cable entry routing of all conductors into
the product.

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

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

power-limited

conductors and all electric light, power, Class 1, or non-power-limited fire-protective

Comy
detail
sepal

14.4 Field-

1441 A fi
requirements

a) 14.
b) Th

c) Th
486A

H L pu | 4
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2) For circuit conductors operating at 150 volts or less to ground where ithe
Class 3 conductors are installed using Types CL3, CL3R, or CL3P cables, a
inch (6.4 mm) separation is provided between these Class 2 and €lass 3 cab
extending beyond the jacket and all electric light, power, Class.1, and non-
fire-protective signaling conductors.

liance with this requirement shall be achieved by specific wire routing configurs

Class 2 and
minimum 1/4
le conductors
power-limited

tions that are

ed in the installation document, or when a wire routing’scheme will not maintain the required

ation, barriers, or nonconductive sleeving shall be used to provide separation.

wiring terminals (general application)

eld-wiring terminal to which field-wiring\ connections are made shall com
in:

4.2 - 14.4.5;

b field-wiring requirements in-the Standard for Electrical Quick-Connect Termina

e Standard for Wire Connectors and Soldering Lugs for Use with Copper Cq

ply with the

s, UL 310;

nductors, UL

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

Cond

e) Th
also

ictors, UL 486E;

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

uitable-for the voltage, current, wire range, and wire type of the intended applicati

plications and
on.

14.4.2 Non

errous somering IUgsS Or SOIAeriess (pressure) wire connectors shattbe used fo

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.

14.4.3 A wire-binding screw used at a wiring terminal shall not be smaller than 8 AWG (4.2 mm)
diameter. Plated screws are not prohibited.

Exception: A 6 AWG (3.5 mm) diameter screw is appropriate for use for the connection of a 14 AWG (2.1
mm?) and a 4 AWG (2.8 mm) diameter screw is appropriate for use for the connection of a 19 AWG (0.65
mm?) or smaller conductor.

14.4.4 Terminal plates tapped for wire-binding screws shall:
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a) Have not less than two full threads in the metal (the terminal plate metal may be extruded to
provide the two full threads) and shall have upturned lugs, clamps, or the equivalent, to hold the
wires in position. Other constructions may be used if they provide equivalent thread security of the
wire-binding screw.

b) Be of a nonferrous metal not less than 0.050 inch (1.3 mm) thick when used with a 8 AWG (4.2
mm) diameter or larger screw, and not less than 0.030 inch (0.76 mm) thick when used with a 6

AWG (3.5 mm) diameter or smaller screw.

14.4.5 When two or more conductors are intended to be connected by wrapping under the same screw,
a nonferrous intervening metal washer shall be used for each additional conductor. A separator washer is
not required when two conductors are separated and intended to be secured under a common clamping

plate. When
such as uptur

14.5 Field-wiring terminals (qualified application)

1451 Any
the conditions

a) Tel
securi

b) Sol
specig

c) Qui
posts

conne
shall b

d) Pu
switch
The le
Push-
termin

e) Sol

f) Oth
equivg

he wires protrude above terminal barriers, the nonferrous separator shall ing
hed tabs or sides, to retain the wire.

pf the following terminal configurations are suitable for connection/of field wirin
in 14.5.2 are met:

ng of a conductor in a special post design. These require a special tool for wire g

derless Wrapped Terminals — Solderless, wrapped, nonferrous terminals. The
| tool and terminal post design.

ck-Connect Terminals — Nonferrous, quick:connect (push-type) terminals consi
permanently secured to the device aiid provided with compatible, female cq
ction to field wiring. These require_a\special tool for crimping of field wires. Mat
e shipped with the control unit with instructions for their installation.

sh-In Terminals — Nonferrgus (screwless), push-in terminals of the type us
es and receptacles. Solid conductors are pushed into slots containing spring-ty

n terminals are not-fo be used with aluminum conductors. The marking ad
al shall indicate-that copper conductors only are to be used.

Her Termindls+— Conventional, nonferrous, solder terminals.

er Terminals — Other terminal connections are not prohibited when deter
lent tor(a) — (e) of this paragraph and are limited to the same restrictions.

lude means,

g when all of

ephone Type Terminals — Nonferrous terminal plates using a narrow, V-shaped slot for

onnection.
se require a
sting of male

nnectors for
ing terminals

ed on some
pe contacts.

ads are removable by means of a tool inserted to relieve the spring tension on the conductor.

acent to the

mined to be

14.5.2 Any of the terminal configurations listed in 14.5.1 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
permissible 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) Removal of a lead for testing or routine servicing, including detection, location, and correction of
installation wiring faults, is prohibited.
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e) A means for testing for an open and a ground fault on the circuit(s) to which the wiring is
connected shall be incorporated into the control unit or indicated on the installation wiring diagram.

f) The terminal assembly shall comply with the Tests on Special Terminal Assemblies, Section 56.

14.6 Field-wiring leads

14.6.1

14.6.1.1 Le

Gene

ral

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

ident that the

Exception: It
use of a long
injury to pers

146.1.2 A
wires which
product to p
Inward movg
equivalent s
spacings.

14.6.1.3 Es
during install
without any €

14.6.2 High-voltage circuits

14621 A
(0.82 mm?),
thick.

14.6.3 Low

14.6.3.1 A
than 22 AWG

Exception: S

S ::pprr\pricfa forthe free lead Iongfh to-bhe less than 6 inches Inng when it is e\

er lead results in damage to the lead insulation or product, or in a risk of fire,.ele
oNs.

means of strain relief shall be provided for the field wiring leads, and.all interna
are subject to movement in conjunction with the installation, operation, or §
event any mechanical stress from being transmitted to terminals and internal
ment of the leads provided with a ring-type strain relief ‘er)means determir

ch lead used for field connections or an internal lead subjected to movemer
btion and servicing shall be capable of withstanding for 1 minute a pull of 10 pod
vidence of damage or of transmitting the stréss to internal connections.

ead provided for field connectionito a high-voltage circuit shall not be smaller
and the insulation, when of ‘rubber or thermoplastic, shall be minimum 1/32 i

-voltage Class 2 or Class 3 circuits

ead provided for field connection to a low-voltage, power-limited circuit shall
(0.32 mm?):and the insulation shall be a minimum of 1/64 inch (0.4 mm) thick.

plid copper leads as small as 26 AWG (0.13 mm?) are to be used only when:

b current does not exceed 1 ampere for lengths up to 2 feet (61 cm) or 0.4 amp

Ctric shock, or

lly connected
ervicing of a
connections.
ed to be the

nall not damage internal connections or components, orresult in a reduction of electrical

t or handling
nds (4.54 kg)

han 18 AWG
nch (0.8 mm)

be no smaller

a) Th

re for lengths

up to

10 feet (3.05 m);

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

¢) The assembled conductors comply with the strain relief requirement specified in Strain Relief
Test — Cord-Connected Products, Section 44, and

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

14.7 Cords and plugs

14.7 1
or where the

desirability of the product being readily detachable has not been demonstrated.

Cords and cord connectors shall not be used for products not intended to be moved or relocated
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14.7.2 Cords and cord connectors shall be rated for the current and voltage used.

15

15.1

15.1.1

Internal Wiring

General

The wiring and connections between parts of a product shall be protected or enclosed, or they

shall be in a cord or cable that has been evaluated and determined to be rated for the application.

15.1.2

subjected to stress or mechanical damage.

Internal wiring shall be routed and secured so that the wires and electrical connections are not

15.1.3 Ah
wires pass, s

15.1.4 |Inter
temperature,
service to wh

o’IIye in a sheet-metal wall within the overall enclosure of a product through wh

all be provided with a bushing or shall have smooth, rounded surfaces.

nal wiring shall be evaluated and determined to be rated for the application, w
voltage, ampacity, and exposure to oil, grease, solvents, acids,and other
ch the wiring is subjected.

ich insulated

th respect to
conditions of

15.1.5 Whep it is possible that internal wiring is to be exposed to moisture, including any ¢ondensation
resulting fron| operation of the product, the wiring shall be evaluated-and determined to be rated for such
exposure.

15.1.6 Vibrg
servicing, shg

15.1.7 Aled
to permit the

tion, impact, flexing, or other movement of\wires during intended use, in
Il not reduce the wire insulation or the wirectermination integrity.

d or a cable assembly connected to.@jpart mounted on a hinged cover shall be
ull opening of the cover without applying stress to the lead or the connections. T

cluding user

long enough
he lead shall

be secured, gr equivalently arranged, to redtice the risks of abrasion of the insulation and jamming of the
leads betweep parts of the enclosure.
15.1.8 Metdl clamps and guides used for routing stationary internal wiring shall be provided|with smooth,
well-rounded jedges. Auxiliary noneonducting mechanical protection shall be provided:
a) Undler a clamp at which pressure is exerted on a conductor having thermoplastic insulation less
than 1y32 inch (0.8:mm) thick and no overall braid and
b) On pny wire(s) that is subject to motion.

15.1.9 Wire

b shall be routed away from sharp edges (such as those found on screw thread

s, burrs, and

fins), moving parts, and similar hazards, which tend to damage the wire insulation.

15.1.10

Insulated wires bunched and passed through a single opening in a metal wall within the

enclosure of the product are not prohibited when the other requirements of this standard are met.

15.1.11

and is exposed during user servicing.

15.2 Splices and connections

15.2.1

Supplementary insulation shall be applied to internal wiring that involves a risk of electric shock

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.
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15.2.2 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.

15.2.3 In determining whether or not splice insulation consisting of coated-fabric, thermoplastic, or
another type of tape or tubing complies with 15.2.1 and 15.2.2, a comparison is to be made of factors such
as mechanical strength, dielectric properties, and heat- and moisture-resistant characteristics.
Thermoplastic tape wrapped over sharp edges does not comply with the intent of this requirement.

15.2.4 When stranded internal wiring is connected to a wire-binding screw, there shall not be loose
strands of wire that contact other uninsulated live parts or dead metal parts. This is to be accomplished by
use of pres i i i i s of the wire
together, or gther means that have been determined to be equivalent.

15.3 Connegctors and receptacles

15.3.1 Are
which itis to

ceptacle or connector of the multiple pin type shall be suitable for\the current 3
be subjected.

nd voltage to

16 Polarization

16.1 A fuse
"off" position
with a markq
voltage circu

out a marked
on-off switch
bed in a high-

holder, an over-current protective device other than“an automatic control with
the center contact of a screw shell base lampholder, an interlock, and a manua
d "off" position shall be connected to the ungrounded side of the line when us
t.
17 Currenf-Carrying Parts

171

steel, alumin

17.2 Plateo
terminals wh

devices. Blu

carrying armj

governor inc

intended op€

17.3 Bearin

parts.

Excep

t as noted in 17.2, current-carrying parts shall be of silver, copper, copper a
Lim, or other non-ferrous material intended for the application.

steel meets the intent for some secondary-circuit or primary-circuit parts, such

ere a glass-to-metal\seat is necessary, and for leads or threaded studs of s
bd steel, or steelwith an equivalent corrosion resistance, meets the intent fg
s of mechanically or magnetically operated leaf switches and within a mot
uding the motor terminals, or when the temperature is in excess of 212°F (100
ration.

gsy hinges and similar portions of the construction, shall not be used as cu

loy, stainless

as capacitor
emiconductor
r the current-
br and motor
C) during the

rrent-carrying

18 Spacings

18.1

A product shall provide maintained spacings between uninsulated live parts and the enclosure or

dead metal parts, and between uninsulated live parts of opposite polarity. The spacings shall not be less
than those indicated in Table 18.1.
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Table 18.1
Minimum spacings
Minimum spacings
Voltage range, Through air, Over surface,
Point of application volts inch (mm) inch (mm)
To walls of enclosure:
Cast metal enclosures 0-300 1/4 6.4 1/4 6.4
Sheet metal enclosures 0-50 1/4 6.4 1/4 6.4
51-300 12 12.7 12 12.7
Installation wirifig termimnars:
(General appjication)®® 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
Installation wiring terminals, except
Zg'pd“egatt‘l’gf t:erz ’ﬂj"ec'a' 0-30 18 3.2 18 3.2
31-150 3/16 4.8 3/16 4.8
151 -300 1/4 6.4 1/4 6.4
Rigidly clamped assemblies:®
100 volt-amppres maximum 0-30 1/32¢ 0.84 1/32¢ 0.8¢
Over 100 vol§-amperes 0-30 3/64 1.2 3/64 1.2
31-150 1/16 1.6 116 1.6
151 -300 3/32 24 3/32 24
Other parts 0-30 1/16 1.6 116 1.6
31-150 1/8 3.2 1/4 6.4
151~300 1/4 6.4 3/8 9.5
@ Measurementk are to be made with solid wiré of adequate ampacity for the applied load connected to each terminal. In no case
shall the wire b¢ smaller than 18 AWG (0.82:mm?).
b Spacing requifements apply also to soldértype terminals described in 14.5.1(e).
¢ Rigidly clampgd assemblies include stch parts as contact springs on relays or cam switches, printed-wiring boardg, and the like.
d Spacings less|than those indicated are permitted at integrated circuits and similar components where the spacing petween
adjacent connelcting wires @nithe component is less than 1/32 inch (0.8 mm).
18.2 The thfough-air and over-surface spacings at an individual component part are to be determined on
the basis of the-volt-amperes used and controlled by the individual component. The spacing from one

component to another, however, and from any component to the enclosure or to other uninsulated dead
metal parts, shall be determined on the basis of the maximum voltage and total volt-ampere rating of all
components in the enclosure.

18.3 The spacing requirements in Table 18.1 do not apply to the inherent spacings inside motors, except
at wiring terminals, or to the inherent spacings of a component which is provided as part of the control unit.
Such spacings are determined on the basis of the requirements for the component. The electrical
clearance resulting from the assembly of a component into the complete device, including clearances to
dead metal or enclosures, shall be as specified in Table 18.1.

18.4 The To-walls-of-enclosure spacings indicated in Table 18.1 are not to be applied to an individual
enclosure of a component part within an outer enclosure.
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18.5 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material used where spacings would otherwise be insufficient, shall be minimum 0.028 inch (0.71
mm) thick; except that a liner or barrier that is minimum 0.013 inch (0.33 mm) thick meets the intent when
used in conjunction with a minimum of one-half of the through-air spacing required. The liner shall be

located so that it will not be affected adversely by arcing.

18.6

been determined to have equivalent mechanical and electrical properties.

Insulating material having a thickness less than that specified in 18.5 meets the intent when it has

18.7 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.

18.8 The s
unit are dets
requirements

pacings within snap switches, lampholders, and similar wiring devices supplie
rmined under other requirements for such devices and is not requirede co
of Table 18.1. See General, Section 2.

19 Insulating Material
19.1  Uninstlated live parts involving risk of fire, electric shock or electrical-energy/high-g
shall be mounted on porcelain, phenolic composition, or other material that has been detern

for the applid

Ation.

19.2 Vulcanized fiber is appropriate for use for insulating bushings, washers, separators,

but not as t
introduces a
of uninsulate
with the reqy
UL 746C.

19.3 Molde
service.

19.4 Anins

he sole support for uninsulated live parts when shrinkage, current leakage
risk of electrical shock or fire. Thermoplastic’-materials used for the direct or in
d live parts involving a risk of fire, electric'shock or electrical-energy/high-curren
irements in the Standard for Polymeric:Materials — Use in Electrical Equipmen

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

ulating liner shall be\investigated and determined to be rated for the purpose.

be held in place by a means more secure than friction between surfaces. The elasticity of tu

be depende
requirement

20 Printed

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

Wiring.Boards

20.1 Printe

j as part of a
mply with the

urrent levels,
hined suitable

and barriers,

or warpage
direct support
[ shall comply
[ Evaluations,

ses of actual

Barriers shall
bing shall not
to meet this

*I-\Aliring boards shall be suitable for the Qpplina’rinn The enmlring of nnmpnnnn’r

5 to the board

shall be made in the intended manner and the spacings between circuits shall comply with the
requirements for Spacings, Section 18. The board shall be reliably mounted so that deflection of the board
during servicing shall not result in damage to the board or in developing a risk of fire or electric shock.

20.2 All printed-wiring boards shall have a minimum flammability rating of V-2 and be suitable for the
soldering process used.

21 End-of-Line Devices

21.1 An end-of-line device, provided for connection to a product, shall be constructed as follows:

a) When 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
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provided for field connection, or an arrangement determined to be the equivalent, has been
determined as complying with the intent of this requirement.

b) When the end-of-line device is intended to be installed inside a product, splice leads, or spade
type terminals with upturned lugs or a part determined to be the equivalent, for making field
connections shall be provided. The exposed live parts of the assembly, except for the connection
portion of the terminal, shall be covered with minimum 0.013-inch (0.33-mm) thick, insulating tubing
or material device determined to be the equivalent.

22 Components

22.1 Dropp

2211 Aca
a product.

22.2 Coilw
2221 Rela
22.3 Switch

22.3.1 Asw
the circuit wh

23 Batteries

231

23.1.1 Astd
the charged S

23.1.2 Batte
with terminal
batteries. Th

the electrolyt¢, when applicable.

2313 Aco
battery gases

Rechargeable, storage-type used as standby power source

ing resistors

bon composition resistor shall not be used as a dropping resistor in the high-vol

ndings

ys, transformers, and similar devices shall be evaluated for theintended purpose.

es

tch provided as part of a product shall have a current and voltage rating no les
ch it controls when the device is operated under-any condition of intended servidg

age circuit of

5 than that of
e.

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

tate.

ries shall be locatédiand mounted so that terminals of cells will be prevented
of adjacent cells-or with metal parts of the battery enclosure as a result of §
mounting afrangement shall permit access to the cells for checking the spec

hditioning charge shall be limited so that, with the maximum rate of charge ok
will not adversely affect any part of the product. The trickle and fast charge rate

from contact
hifting of the
fic gravity of

tainable, the
s of a battery

Atk

shall not exc

battarmimaan £ fraeaelo maandad-rat
CUuic UGLLUIy miariuidotulcr S ToUUITmrieriucu 1altco.

23.1.4 The battery shall be protected by a fuse or other overcurrent-protective device, rated between 150
percent and 250 percent of either the maximum load or the maximum charging current, whichever is

greater.

23.2 Primary, dry-cell batteries

23.2.1

When a battery or set of batteries is used as the main source or the non-rechargeable standby

source of power of a product intended for emergency signaling, it shall meet the requirements of the

Battery Tests,

Section 68.
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23.2.2 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.

23.2.3 Ready access shall be available to the battery compartment to facilitate battery replacement.
Access will not result in damage to the product components or in disassembly of any part of the product,
except for a cover or similar part.

23.2.4 Removal of the product from a mounting support to replace a battery is appropriate only when the
connected wiring is not subjected to flexing or stress.

23.2.5 Lead-ocrterminal-connections-to-batteries-shallbe-identified-with-the proper pnlgrify (p'us or minus

signs), and S
either the ba

23.26 Con
type of clip,

contact, or g
consist of an

23.2.7 Eac
the intended

inch (0.4 mm) insulation and provided with strain relief.

23.3 Lithium batteries

23.3.1 Lithium batteries shall comply with the regquirements in the Standard for Lithium
1642.

23.3.2 A lithium battery circuit which-gbtains power from lithium batteries, shall con

requirements

Exception: A
which the lit
source) is no

24 Grounding for/Products Containing High-Voltage Circuits

24.1 A prog

train relief provided for any leads. The polarity shall be indicated on the produ
tery terminals or leads.

hections to battery terminals shall be either by a lead terminating_in_a positiv
br by a fixed butt type connection which applies a minimum of 1/5\bf (6.6 N) tg
nhother connection means that has been determined to be equivalent. The co
unplated or plated metal which is resistant to the corrosive action of the electroly

N lead of a clip lead assembly used as part of a battery operated product shal
application, shall be a minimum of 26 AWG (0.21mm?) stranded wire with a 1

in the Standard for Lithium.Batteries, UL 1642.

lithium battery circuit.that obtains power solely from a lithium battery (for examg
hium battery serves as the sole power source as opposed to serving as a s
{ required be subjected to the requirements in UL 1642.

uctwhich involves high-voltage circuits shall have provision for the grounding

ct adjacent to

b snap action
each battery
nection shall
te.

be suited for
ninimum 1/64

Batteries, UL

ply with the

le, a circuit in

andby power

pf all exposed

dead metal

ria thaot maialt b e narcrzad-fram-—aiearitetaralina rial £ o ot h 1
dito uiat IIIIUI I VCUUINTIGC T IUIHILUU MmMUTTTr uirouito IVUIVIIIH A TION UT TITUUTU OSTTUUN.

Exception: A product that complies with Exception Nos. 3, 4, or 5 to 13.3.1.1 is not required to have

provision for

24.2
of an equipm

grounding.

ent-grounding conductor shall be provided.

In a permanently-connected product, a field-wiring terminal or a lead intended solely for connection

24.3 When a product is provided with means for separate connection to more than one power supply,
each such connection shall be provided with a means for grounding.

24 4 All dead-metal parts that are accessible during intended use or user servicing, and that are capable
of becoming energized from circuits involving a risk of electric shock, shall be connected together and to
the grounding means.
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245 Metal parts as described below are not required to comply with the requirement in 24.4.

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 do not tend to become energized,;

b) Isolated metal parts, such as small assembly screws, etc., which are positively separated from
wiring and uninsulated live parts;

c) Panels and covers which do not enclose uninsulated live parts when wiring is positively
separated from the panel or cover so that it is not liable to become energized; and

d) Panels and covers which are insulated from electrical components and wiring by an insulating
barrief of vulcanized fiber, varnished cloth, phenolic composition, or similar matefial that is a
minimpm of 1/32 inch (0.8 mm) thick.

24.6 The bgnding shall be by a positive means, such as by clamping, rivetingpbrazing, welding, or by
being a bolted or screwed connection. The bonding connection shall penetrate )noncondugtive coatings
such as painf. Bonding around a resilient mount shall not rely on the clamping“action of rubber or similar
material.

24.7 A boltgd or screwed connection that incorporates a star washer or serrations under thé screw head
for penetrating nonconductive coatings is identified as complying-with 24.6.

24.8 A fieldjwiring terminal intended solely for connectiontof’an equipment-grounding condiictor shall be
capable of sefuring a conductor of the size specified in Table 24.1.

249 The sire of a copper or aluminum conductor-used to bond an electrical enclosure ormotor frame
shall be bas¢d on the rating of the branch-circuit overcurrent device by which the equipment will be
protected. The size of the conductor shall be.imaccordance with Table 24.1.

Table 24.1
Bonding wire conductor size

Size of bonding conductor?
Rating of overurrent Copper wire, Aluminum wire,
device, amperes AWG (mm?) AWG mm?)
15 14 2.1 12 3.3
20 12 3.3 10 53
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 13.3
200 6 13.3 4 21.2
& Or equivalent cross-sectional area.

24.10 Splices shall not be used in wire conductors used for bonding.

24.11 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal, slotted, or both. A pressure-wire connector intended for
connection of such a conductor shall be plainly identified as such by being marked "G," "GR," "GND,"
"Ground," "Grounding," or the like or by a marking on the wiring diagram provided on the product. The
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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. The symbols in Figure 24.1 (IEC Publication 417) are not prohibited from
being used for this purpose. When used alone, Symbol 5019 (IEC 417) shall be defined in the installation
instructions provided with the equipment.
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Figure 24.1

International electrical symbols

SYMBOL

SYMBOL DEFINITION

PROTECTIVE GROUNDING TERMINAL: A terminal which must be connected to
eorth ground prior to moking any other connections to the equipment.

ALTERNATING CURRENT: A terminal to which or from which-an alternating
(sinewave) current or voltage may be opplied or supplied.
IEC 417, Bymbol 5032
DIRECT CURRENT: A terminal to ‘which or from which a direct current
or voltoge may be opplied or _supplied.
IEC 417, Symbol 5031
L J]
DIRECT (AND 'ALTERNATING CURRENT: A terminal to which or from which
an olternoting ond direct current or voltoge may be opplied or supplied.
IEC 417, Bymbol 5033
STAND-BY: This symbol indicates the switch position by which part of
the equipment is switched on in order to bring it to a stond-by conditior|.
IEC 417, Symbol 5009

S2943A
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SYMBOL

SYMBOL DEFINITION

IEC 417, Symbol 5008

POWER ON:

This symbol indicates the principal on/off switch is in the
on position.

PowER O hi o - ott switch s i

JEC 417, Symbol 5007

off position.

/A

DANGEROUS VOLTAGE:

The lightning flash with arrowhead symbol, Within an equi—
lateral triangle, is intended to alertithe user to the
presence of uninsulated "dangerous ‘voltage” within the
product’s enclosure that may be of sufficient magnitude
to constitute a risk of electrical shock to persons.

SA 1965
INSTRUCTIONS: The exclomation“\point within an equilateral triongle is
intended to alert the user to the presence of important
operating. @hd maintenance (servicing) instructions in the
literatutesaccompanying the appliance.
SA 1966

S29

t4A
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OFF (power)

ON (power)

height - 1,200
width - 1.200

STAND-BY

height — 1,280
width - 1.080

BOTH DIRECT AND
ALTERNATING [CURRENT

height - 1.120
width - 0.08a

ALTERNATING CURRENT

height - 0.440
width - 1.460

DIRECT CURRENT

bl

height - 0.52a
width - 1.280

Grophical Symbols Courtesy of IEC

o | e | -

height - 0.360
width - 1.400

S2945A


https://ulnorm.com/api/?name=UL 2017 2024.pdf

JANUARY 17, 2024 UL 2017 47

2412 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified.

2413 The grounding conductor in a flexible cord shall be green with or without one or more yellow
stripes. The grounding conductor shall be secured to the frame or enclosure of the product by means of a
screw, rivet, or similar equipment that is not removable during intended servicing not involving the supply
cord. Solder shall not be used alone for securing the grounding conductor. The grounding conductor shall
be connected to the grounding terminal of an attachment plug.

24.14 When a means for grounding is provided on the product, even though it is not required, it shall

comply with

he requirements in 24.1 —24.13

24.15 Meta
requirement
is used.

Exception: S
when the reg
The resistan
recorded, an
volts shall b
potential ang
determined 4

25 Servicing Protection

251 Gene
25.1.1  Unir
projections,
servicing su

routine mainfenance.

25.2 Traingd service personnel

2521 The
by trained se]

[-to-metal hinge-bearing members for doors or covers are suitablenas
for bonding the door or cover to ground, when a multiple bearing-pin type-(pian

ip-joint or similar, hinge-bearing members are not required to comply with thi
istance between the two parts connected by the bonding element is not more
Ce shall be determined by a resistance-measuring instrument. When unacceptal
alternating or direct current of at least 20 amperes from a power supply of not
b passed between the two parts connected by the bonding element. The re§
the test current shall be measured between the.two points. The resistance in
y dividing the drop in potential in volts by the current in amperes.

al

sulated live parts of high-voltage circuits, hazardous moving parts, and shary
shall be formed, located,-guarded, or enclosed so as to prevent contact by p
Ch as re-lamping, fuse “or rod replacement, battery replacement, adjusting

requirements in 25.2.2 and 25.2.3 apply for non-household products intended f
Fvice.personnel.

2522 Wh

meeting the
o-type-hinge)

5 requirement
han 0.1 ohm.
ble results are
imore than 12
ulting drop in
bhms shall be

corners and
brsons during
controls, and

o be serviced

nthe linear distance from a r\nmpnnnnf rnqniring enr\/ir\ing and all uninsu

ated current-

carrying parts of high-voltage circuits are less than 6 inches (152 mm), then protection by properly applied
insulating tape, barriers, or protection determined to be the equivalent, shall be provided.

Exception: Any part that is exposed only during operator-servicing and complies with the Electric Shock
Current Test, Section 40, is not required to comply with the requirements in 25.2.1.

25.2.3 In lieu of the minimum 6 inches (152 mm) requirement in 25.2.2, an interlock shall be provided on
the cover to de-energize all live parts in the enclosure, or the following, permanent and prominent marking
(or wording determined to be equivalent) shall be provided on the cover front: "CAUTION — De-energize
Unit Prior To Servicing."
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25.3 Antenna terminal discharge assembly

25.3.1 Each terminal provided for the connection of an external antenna shall be conductively connected
to the supply circuit grounded conductor. The conductive connection shall have a grounded conductor.
The conductive connection shall have a maximum resistance of 5.2 megohms, a minimum wattage rating
of 1/2 watt, and shall be effective with the power switch in either the on or off position.

Exception No. 1: The conductive connection is not required to be provided when such a connection is

established in the event of electrical breakdown of the antenna isolating means and:

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

b) In
conne

Exception Ng
the requiremd

25.3.2 The
value used;
megohms wit
PROTECTIO
26 General

26.1 When

a construction using an isolating power transformer, the resistance of th
ction between the supply circuit and chassis shall not exceed 5.2 megohms

. 2: A component comprised of a capacitor with a built-in shunt resistor that ¢
nts for antenna isolating capacitors is to be rated a minimum of 1/4 watt.

maximum value of 5.2 megohms in 25.3.1 includes the maximUm tolerance o
hat is, a resistor rated 4.2 megohms with 20 percent tolerance or a resis
h a 10 percent tolerance.

N AGAINST INJURY TO PERSONS

he operation and maintenance of a praduct by the user involves a risk of injur]

protection shall be provided to reduce the risk.

26.2 When
to foreseeabl

26.3 An acq
product shall

26.4 The sU
device is red
characteristic
breakdown o

nvestigating a product with respect to the requirement in 26.1, determination s
P misuse of the product.

essory that is madetavailable or recommended by the manufacturer for use W
be included in the“éyaluation of the product.

itability of a-quard, a safety release, an interlock and similar devices, and wh
uired, is<t0-be determined from an investigation of the complete product,

b conductive

omplies with

f the resistor
or rated 4.7

y to persons,

hall be given

ith the basic

ether such a
its operating

5, and the risk of injury to persons. The investigation is to include evaluation of
malfunction of any one component, but not more than one component at a tim

event contriblites’to another. When the investigation shows that breakdown or malfunction of

the results of
, unless one
component

results in a risk of injury to persons, the component shall be investigated for reliability.

26.5 Arisk of injury to persons is determined to be possible when one or more of the following conditions

exist:

a) Power-operated moving parts such as gears and linkages are accessible during intended
operation or maintenance and are capable of causing a cut or laceration;

b) Sharp edges, burrs, or projections are present that cause risk of injury to persons during use or
servicing;

¢) The stability of a product is such that it is capable of causing injury to persons. See Stability,
Section 33;
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d) There is a possibility that a part of the body would be endangered or that clothing would be
entangled by a moving part resulting in a risk of injury to persons.

27 Handles
27.1 A handle or handles intended to support more than 19.8 Ib (9.0 kg) shall be capable of supporting

four times the weight of the product without breakage of the handle, its securing means, or that part of the
product to which the handle is attached, when subjected to the test specified in the Handle Strength Test,

Section 46.

28 Wall- or Ceiling-Mounted Equipment

28.1 The ni
times the we
that portion

Mount Test,

ounting means of a unit intended for wall or ceiling mounting shall withstand>g
ght of the unit without breakage of or damage to the mounting bracket, its(Secur
pf the unit to which it is attached. Compliance shall be determined by the W3
bection 49.

force of four
ng means, or
II- or Ceiling-

29 Telescdping Antenna
29.1 A telgscoping-type antenna terminating in an end that constitutes a risk of pundture shall be
provided with a minimum, 0.231-inch (6.0-mm) diameter button or.ball on the end that complies with the

test requiren
30 SharpH

30.1 Anen
of the constr
intended ma

Exception: A
not required

30.2 For eq
with the requl

Edges on Eq

31

ents in the Antenna End-Piece Secureness Test, Section 47.
dges

closure, an edge, a frame, a projection,.a guard, an opening, a handle, and othe
uction shall be smooth and not sharp’enough to constitute a risk of injury to p
ntenance and use.

sharp edge that must be exposed to enable the product to perform its intende
0 conform with this requirement.

r similar parts
rsons during

H function are

ges where the degree of sharpness is unable to be determined by inspection, compliance

rements in 30.1-is.determined by the test procedure in the Standard for Test for
uipment, UL 4439.

Enclosuires and Guards for Moving Parts

Sharpness of

31.1

use injury to

The rotoryof a motor, a pulley, a belt, a gear, or other moving part that tends to c
persons, shanmmwmmm

Exception: A part, or portion of a part, that is exposed to perform the work function is not required to be
enclosed; however guarding shall be provided while the work function is not being performed. See 31.4.

31.2 The degree of protection required in 31.1 of the enclosure depends upon the construction and
intended use of the product.

31.3 Among the factors to be evaluated when investigating the suitability of an exposed moving part are:
a) The degree of exposure required to perform its intended function;
b) The sharpness of the moving part;

c¢) The possibility of unintentional contact with the moving part;
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d) The

speed of the moving part; and

e) The possibility that a part of the body can be endangered or that clothing can be entangled by
the moving part, resulting in an injury.

31.4 Some guards are required to be of the self-restoring type. Other features of guards that are to be

evaluated incl

ude:

a) Removability without the use of tools;

b) Removability for servicing;

C) Stri ngfh and rigirﬁfy;
d) Completeness; and
e) Creation of additional risk of injury to persons (such as pinch points);'and the
additignal handling because of the increased need for servicing, such as for
unjamming.

31.5 An englosure or guard located over a rotating part shall be capable of restraining po

part in the ev
being struck 3

31.6 When
door or acces
moving parts

31.7 When
possible with

energize the

31.8 The dr

exposed to unintentional contact. An opening in a guard or enclosure around a moving part s

contact with {|

ent of damage or separation. The enclosure or guard shall’also prevent foreign
nd propelled by the rotating part.

moving parts capable of causing injury to persons are accessible through an opsg
s panel, means shall be provided so that when'the door or panel is opened the
s reduced, within five seconds, to a speed{hat will not cause injury to persons.

complete guarding of a moving part’that is capable of causing injury to the
bart shall be provided at a readily-accessible location on the product.

ve mechanism shall belguarded so that no moving part, such as pulleys, belts

ne probe specified-in;Figure 10.1.

32 Switche

321

A product shall_.be constructed to preclude unintentional operation of any part capab
injury to persons:

and Controls — Injury to Persons

hecessity for
cleaning or

rtions of that
objects from

rator service
speed of the

b user is not

but defeating the intended function of the product, a switch or other control device to de-

, Or gears, is
hall not allow

e of causing

32.2 Each function of a multiple-function product is to be factored into evaluating whether the product

complies with

the requirements in 32.1.

32.3 When a product is capable of being energized, and has a moving part capable of causing risk of
injury to persons, a motor-control switch (other than a momentary-contact switch) on the product shall
have a plainly marked "off" position.

32.4 When unintentional operation of a switch results in a risk of injury to persons, the actuator of the

switch shall b

e located or guarded so that such operation is not probable.

32.5 The actuator of a switch is to be guarded by recessing, ribs, barriers, or another means determined
to be equivalent.
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32.6 A manually operated control for operator accessible moving parts that create a risk of injury to
persons shall be located or guarded so as to reduce the risk of the device being switched on
unintentionally and it shall be capable of being switched off by a single straight-line motion.

32.7 A device that automatically starts a product, such as a timer or an automatically reset overload
protective device, shall not be used unless it can be demonstrated that automatic starting will not result in
a risk of injury to persons.

32.8 The requirement in 32.7 requires the use of an interlock when moving parts or similar constructions,
result in a risk of injury to persons upon the automatic starting or restarting of the motor.

33  Stability

33.1 Unden all conditions of servicing and intended use, a fully assembled product shall not become

physically un

33.2 A pro
doors, cover
provided, arg

Exception: R
transport the

stable to the degree that creates a risk of injury to operators or service personng

juct shall not tip over when tilted 10 degrees from its intended) ‘upright posi
5, gates, drawers, and similar parts are in place and closed, and all casters an
in their most unfavorable position.

or fixed or stationary equipment without casters, whefe specialized handling
product, this test is to be performed after the equipment is installed as intended.

33.3 Ther

quirements in 33.4 — 33.8 apply to all free-standing products. A free-standi

defined as ope that is floor standing and not intended.iebe secured to other units or to the
parts of the Huilding.

33.4

In conducting the tests described in 33.5 33.7, the equipment shall be installed as

casters and jacks, when provided, are to bexplaced in their most unfavorable positions, and
be locked or|blocked. However, when casters are being used only to transport the product,
lowered aftef installation, then the jacks {and not the casters) are to be used in their mog
position for the test, consistent with reasonable leveling of the product.

33.5 Afree
39-3/8 inche
when a conti
moment. For

33.6 Withr

5 (1.00 m) framithe floor and that is prone to being stepped on or sat upon, sha
huous dowfiward force of 179.8 Ibf (800 N) is applied to that surface at the poin
this testall doors, covers, gates, drawers, and similar parts shall be in place and

bspect to the requirement in 33.5, delicate parts such as keyboards, control pan

tion, while all
l jacks, when

s required to

ng product is
floor or other

intended. All
wheels are to
and jacks are
t unfavorable

-standing product that has an external surface (work top or ledge) at a height not exceeding

Il not tip over
I of maximum
closed.

els, or spools

are not deterl

ined as prone ifa) hning efnppnd onorsat upon

33.7 A free-standing product more than 39-3/8 inches (1.00 m) high and weighing more than 55.1 Ibs.
(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 Ibf (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, etc., 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 33.8.

33.8 A stabilizing means is not prohibited from being used to improve stability when doors, drawers, etc.
are opened. The stabilizing means shall be automatic in operation or interlocked when associated with
user use. For service personnel, where it is not automatic in operation, a conspicuous marking shall be
provided to caution the personnel on its use. See 83.1.17.
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PERFORMANCE
ALL PRODUCTS
34 General

34.1 Except as otherwise indicated, the performance of a product shall be investigated by subjecting a
representative sample, in commercial form, to the applicable tests described in Sections 34 — 56. In
addition, the requirements in Variable Voltage Operation Test, Section 62, Overload Test, Section 64,
Endurance Test, Section 65, and Polarity Reversal Test, Section 66, shall be applied to all products.

H . ALA AL oL £ ol L sy ol £ £ ik : 4 Lil £,
EXCeptlon. Tywoe N proaucts et oy meetine proauct-sarety requtrenerisSortrre1eret erced tests.

34.2 Unlesd otherwise specified, the test voltage for each test of a product is to be at-the rated frequency
of the product as noted in Table 34.1.

Table 34.1
Test voltages
Unit rated voltage, nameplate Test voltage
110-120 120
220 - 240 240
Other rating Marked rating
Battery circuit Nominal battery voltage

34.3 When p product must be mounted in a definite position in order to function as intended, it shall be
tested in that position.

35 Maximum Rated Load

35.1 A product shall operate as.intended, with all external circuits connected to maximum rated load,
without the rigk of fire, electric.shock, or injury to persons.

35.2 Units that are proyided with connectors for the installation of accessories or with unuséd card slots,
or both, shall|be subjected to the tests in this standard with such connectors and card slots [oaded to the
maximum ratgd output capability specified by the manufacturer.

36 ElectricatMteasurement Tfest=inputandOutput-Currentand-Voitage Test
36.1 With the product energized from a rated voltage supply and connected to maximum rated load, the
input current of the product shall not exceed the marked rating of the product by more than 10 percent

when the product is operated under all conditions of intended use.

36.2 The measured voltage at the output circuits, with the maximum (rated) and minimum loads applied,
shall be compatible with the rating of the device or appliance intended to be connected to the circuit.

37 Leakage Current Test

37.1  Where a cord-connected product is powered by a source greater than 42.4 V peak, the leakage
current at any exposed surface, or between any accessible part and earth ground, or any other accessible
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part with an open circuit potential of greater than 42.4 volts peak shall not be more than the following

values when
a)0.5
b) 0.5

tested in accordance with 37.2 — 37.7:
milliampere for an ungrounded (2-wire) portable, stationary, or fixed product;

milliampere for a grounded (3-wire) portable product; and

c¢) 0.75 milliampere for a grounded (3-wire) stationary or fixed product.

Exception: When an electromagnetic radiation suppression filter is required for the product to function as
intended, the leakage current shall not be more than 2.5 milliamperes, when the product complies with the

following con

ditions:

a) TH

requirements for a cord-connected product in Grounding for Products Containing

Circu

b) Wi
in 37|

c)Th

e product shall be provided with grounding means in accordance with)t
ts, Section 24;

h the filter removed from the product, the leakage current shall noféxceed the i
7 (b) and (c); as applicable, and

b product is marked in accordance with 83.1.7.

37.2 Withr
coupled cur

equipment and ground, or between exposed conductive surfaces of the equipment.

37.3 Leakage currents from all exposed surfaces arefo be measured to the grounded sup

individually,

exposed sufface to another where the exposed surfaces are simultaneously accessib

considered t
the risk of el
same time a
hand is dete

by 203 mmll)m

simultaneous

37.4 When
the leakage
centimeters)
the same siz|
of the produg

pgard to the requirements in 37.1, leakage current refers to all currents, includin
ents, that are capable of being conveyed between exposed conductive su

s well as collectively where exposed surfaces are simultaneously accessible,

D be an exposed surface unless it is guarded by an enclosure determined to p
petric shock. Surfaces that can*be readily contacted by one or both hands of a
e determined to be simultaneously accessible. For the purpose of these requ

rectangle, and two-hands of a person are determined to be able to
ly when the parts are;no more than 6 feet (1.8 m) apart.

a conductive.surface other than metal is used for the enclosure, or for part of t
current is to"be measured using a metal foil having dimensions of 4 by 8 inch
in contact with the surface. When the surface is less than 4 by 8 inches the me
e as the surface. The metal foilis not to remain in place long enough to affect the
t,

he applicable
High-Voltage

mits specified

g capacitively
rfaces of the

ply conductor
and from one
le. A part is
rotect against
person at the
rements, one

ined to be able to contactparts simultaneously when the parts are within a 4 by 8 inch (102

contact parts

he enclosure,
es (10 by 20
al foil is to be
e temperature

37.5 The measurement circuit for the leakage current test is to be as illustrated in Figure 37.1. The
measurement instrument is defined in (a) — (c). The meter used for a measurement must indicate the
same numerical value for that particular measurement as would the defined instrument; it 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
response (ratio of indicated to actual value of current) that is equal to the ratio of the impedance of
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a 1500-ohm resistor shunted by a 0.15 microfarad capacitor to 1500 ohms. At an indication of 0.5
or 0.75 milliampere, the measurement is to have an error of not more than 5 percent at 60 hertz.

Figure 37.1

Leakage-current measurement circuits

PRODUCT METER

T<
120V

1

’—i INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B
LL100

Appliance intendgd for connection to a 120 volt power supply.

s — S2
120v r

2KV <=——
Lmov L
3
S1 % INSULATING
L TABLE

GROUNDED SUPPLY CONDUCTOR B

LL200

Appliance intendgd for connection to a 3-wire, grounded neutralpower supply, as illustrated above.

| I___l_lsz GR
Tmov

N

o\
< % INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LE300

Appliance intendgd.for connection to a 3-wire, grounded neutral power supply, as illustrated above.
A — Probe with shielded lead.
B — Separated and used as clip when measuring currents from one part of equipment to another.
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37.6 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.

37.7 A sample of the product is to be tested initially in the as-received condition with all switches 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 product in
accordance with 34.2 or shall be as described in 38.5. The test sequence, with regard to the measuring
circuit Figure 37.1 is to be as follows:

38 Temperature Test

38.1 A product, when operated under any condition of maximum load, shall not reach.a temeerature at
any point high enough to:

a) Capse a risk of fire;
b) Damage any materials in the product; or

c) Exg¢eed the temperature rises at specific points as specified incTable 38.1 and Tablg 38.2.

Table 38.1
Maximum temperature rises

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 pr blade 153 85
b) Others 117 65
3. Fiber used gs electrical insulation 117 65
4. Wood and s|milar material 117 65
5. Any point or] or within a terminal box on a permanently wired unit (see 83.1.7) 117 65
6. A surface ugon which a.permanently wired unit is to be mounted in service, and surfaces 117 65
that are to be ddjacentto.the unit when it is so mounted
7. Class 105 (fprmérly,Class A) insulation systems on windings of relays, solenoids,
magnets, and $imilar parts:
Thermocouple method 17 65
Resistance method 153 85
8. Class 130 (formerly Class B) insulation systems on windings of relays, solenoids,
magnets, and similar parts:
Thermocouple method 153 85
Resistance method 189 105
9. Class 155 insulation systems on windings of relays, solenoids, magnets, and similar
parts:
Thermocouple method 198 110
Resistance method 216 120

Table 38.1 Continued on Next Page
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Table 38.1 Continued

Materials and component parts °F (°C)
10. Class 180 insulation systems on windings of relays, solenoids, magnets, and similar
parts:
Thermocouple method 225 125
Resistance method 243 135
11. Phenolic composition used as electrical insulation or as a part whose malfunction is 225 125
capable of resulting in a risk of fire, electric shock, injury to persons or risk from electrical
energy-high current levels.?
12. Rubber- or thermoplastic-insulated wires and cords.??¢ 63 35
13. On the surface of a capacitor casing:
Electrolyticq 72 40
Other typesf 117 65
14. Transformefs with Class 105 insulation systems:
Thermocouple method 117 65
Resistance method 135 75
15. Transformefs with Class 130 insulation systems:
Thermocouple method 153 85
Resistance method 171 95
16. Transformefs with Class 155 insulation systems:
Thermocouple method 198 110
Resistance method 216 120
17. Transformefs with Class 180 insulation systems:
Thermocouple method 225 125
Resistance mmethod 243 135
18. Sealing compound 140°F (40°C) less than melting point
19. Printed-wirli-]:g board see notq f
20. Solid-state flevices see notelg
@ The limitationg on phenolic composition ‘and on rubber and thermoplastic insulation do not apply to compounds thgt have been
investigated anfl determined to meet the requirements for use at higher temperatures.
® Rubber-insulgted conductors.within a Class 105 insulated motor, rubber-insulated motor leads, and a rubber-insulated flexible
cord entering a|motor are ta be.subjected to a temperature rise of more than 63°F (35°C), when a braid is used on the conductor
of other than a {lexible card.) This does not apply to thermoplastic-insulated wires or cords.
¢ A short length|of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of more than 140°F (60} C), such as at
terminals, is nof prohibited when supplementary heat-resistant insulation of the minimum required dielectric strength} is used on

the individual cenductors of the cord to protect the conductor insulation against deterioration, |

4 A capacitor operating at a temperature rise higher than 104°F (40°C) is capable of being used on the basis of its marked
temperature rating, or, when not so marked, shall be investigated to determine its acceptability at the higher temperature.

¢ A capacitor that operates at a temperature rise higher than 117°F (65°C) is capable of being used on the basis of its marked
temperature limit.

fTemperatures

on the surface of any printed-wiring board shall not exceed the temperature limits of the board.

9 Temperature limits on solid-state components are not specified for Type NM products; however, adequate spacings shall be
provided such that the operating temperatures of the components do not adversely affect adjacent insulating material or
components, or result in the temperature limits of those materials or components being exceeded.
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Table 38.2
Maximum surface temperatures

Composition of surface®
Metal, Nonmetallic,

Location °F (°C) °F (°C)
Handles, knobs, or surfaces that are grasped for 122 50 140 60
lifting, carrying, or holding
Handles or knobs that are contacted but do not 140 60 185 85
involve lifting, carrying, or holding; and surfaces
subject to contact during intended use or
maintenance
Other surfaceJ 158 70 203 95
@ A handle, kngb, or similar part made of a nonmetallic material that is plated or clad with metal having a thickness ¢f 0.005 inch
(0.13 mm) or Igss is determined to be (and is investigated as) a nonmetallic part.

38.2 All va
normally pre
is intended s
the equipme
Table 38.1 a
and 77°F. A
of 10 percen
change.

38.3 Tempgrature measurements on equipment intended for recessed mounting shall be 1

unit installed
top, sides, af

38.4 A prog
or DC - 60
temperatures

38.5 A prog
tapped trans|
most unfavor

Exception: T
wiring termir
according to

ues for temperature rise apply to equipment intended for userwith ambient
ailing in occupiable spaces which usually are not higher than\77°F (25°C). Wh
becifically for use with a prevailing ambient temperature constantly more than 77
nt is made with higher ambient temperature, and the allowable temperature risg
re to be reduced by the amount of the difference between that higher ambien
emperature is determined to be constant when three/successive readings take
of the previously elapsed duration of the test, but.not less than 5-minute interva

in an enclosure of 3/4-inch (19.1-mm)-wood having clearances of 2 inches (50
d rear and the front extended to be flush with the control unit cover.

uct having a single frequency-rating is to be tested at that frequency. A product
Hz is to be tested on direct.current or 60Hz alternating current, whichever res
. A product rated 25 — 60-Hz or 50 — 60 Hz is to be tested on 50 Hz alternating ¢

uct that is rated foh use at more than one voltage, or for a range of voltages, a
former or other_means of being adapted to different supply voltages shall be
able combination of supply voltage and voltage adjustment.

he product is to be tested while connected according to the manufacturer's inst
als\comply with the requirements for field wiring terminals, and the prodd

temperatures
En equipment
°F, the test of
s specified in
[ temperature
n at intervals
s, indicate no

nade with the
8 mm) on the

rated AC/DC
ults in higher
Lrrent.

nd contains a
tested at the

ructions when
ct is marked

83:1.14.

38.6 For a product that is not intended for continuous operation, the probable intermittent or short-time
operation of the product is to be taken into determination when conducting the temperature test.

38.7 For the purpose of prescreening only, an infrared temperature probe, or that determined to be the
equivalent, is usable for identifying those components and/or materials in which compliance with 38.1 is

questionable

and therefore requiring the measurements indicated in 38.8.

38.8 Temperatures are to be measured by thermocouples.

Exception: The change-of-resistance method shall be used for coil and winding temperatures where the
coil is inaccessible for mounting of thermocouples (for example, a coil immersed in sealing compound) or
where the coil wrap includes thermal insulation of more than two layers [1/32 inch (0.8 mm) maximum in
total thickness] of cotton, paper, rayon, or similar material.
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38.9 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than 30
AWG (0.05 mm?). When referee temperature measurements by thermocouples are required,
thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wire and a potentiometer-type
instrument are to be used. The thermocouple wire is to conform with the requirements in the Initial
Calibration Tolerances for Thermocouples table in Temperature Measurement Thermocouples, ANSI/ISA
MC96.1.

38.10 The temperature of a coil winding using the change-in-resistance method shall be determined by
means of the formula:

R
—(

Tr= 2345+ 1) — 2345

in which:

T is thp temperature to be determined in °C;

R is the resistance in ohms at the temperature to be determined;

ris the resistance in ohms at the known temperature; and

tis thg known temperature in °C.

38.11 Becalse it is required to de-energize the winding before measuring R, the value of Rl at shutdown

is to be deter
possible after
extrapolated

38.12 Durin
user shall no
other than 77

Exception: S
temperature

39 Dielectr
39.1 A prog

potential of a
enclosure, bsg

mined by taking several resistance measurenients at short intervals, beginning
the instant of shutdown. A curve of the resistance values and the time is to b
o give the value of R at shutdown.

b intended operation, the temperature of a surface that is capable of being con
exceed the value given in Table)38.2. When the test is conducted at a room

F (25°C), the results are to be-corrected to that temperature.

Lirfaces other than handles or knobs that are accessible are not to exceed
alues in Table 38.2 when marked in accordance with 83.1.13.

¢ Voltage-Withstand Test

uct shalhwithstand for 1 minute, without breakdown, the application of a s

tween live parts and exposed dead-metal parts, and between live parts of circy

as quickly as
e plotted and

tacted by the
temperature

the surface

nusoidal AC

frequency within the range of 40 — 70 hertz, or a DC potential, between live parts and the

its operating

at different pd

tentials or frequencies The test potential is to be as follows (see alsa 39 3)-

a) For a unit rated 30 volts AC rms (42.4 volts DC or AC peak) or less — 500 volts AC (707 volts,
when a DC potential is used);

b) For a unit rated between 31 and 150 volts AC rms — 1000 volts AC (1414 volts, when a DC
potential is used);

c¢) For a unit rated more than 150 volts AC rms — 1000 volts AC plus twice the rated voltage (1414
volts plus 2.828 times the rated AC rms voltage, when a DC potential is used).

39.2 Exposed dead-metal parts are noncurrent-carrying metal parts that are capable of becoming
energized and are accessible from outside of the enclosure of a product during operation with the door of
the enclosure closed.
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39.3 For the application of a potential between live parts of circuits operating at different potentials or
frequencies, the voltage is to be the applicable value specified in 39.1 (a), (b), or (c), based on the highest
voltage of the circuits under test instead of the rated voltage of the unit. Electrical connections between the
circuits are to be disconnected before the test potential is applied.

39.4 When 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 39.1.

39.5 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

fest voltage is to be such that there are no transient voltages that result in the i

stantaneous

voltage appl
voltage. The

a) Ing
5 sec

b) M4
great

Control of the¢ rate of rise shall be either manual or automatic.

39.6 Aprin
short-circuit,
the test. A r
rectifier diod
in the case o

40 Electric

40.1 Electr
40.2 When
25.2.2) and
shall comply

40.3 With n
when they ¢4
requirements

ed to the appliance or circuit exceeding 105 percent of the peak value of the
applied potential is to be:

bnds then

intained at the test potential for 1 minute without an indication.of a breakdown
br than 0.5 Ma.

ed wiring assembly or other electronic circuit component that would be damage
the test potential, is to be removed, disconnected, or otherwise rendered inop
presentative subassembly is then to be tested instead of an entire unit. Whe
s in the power supply are to be individually shunted before the test to avoid de
[ a malfunction elsewhere in the secondary circuits.

Shock Current Test

c shock current refers to(all*currents, including capacitively coupled currents.
the open circuit potential between any part that is exposed only during user §
bither earth ground’or any other exposed accessible part exceeds 42.4 volts {

with the requirements in 40.3 — 40.7 as applicable.

pference to the requirements in 40.2, parts are determined to be simultaneous
n be ‘contacted by one or both hands of a person at the same time. For the pur
,one€ hand is determined to be able to contact simultaneously parts within a 4 |

specified test

reased from 0 at a uniform rate so as to arrive at the specified test potential in approximately

or leakage of

d by, or would
brative before
re applicable,
stroying them

ervicing (see
eak, the part

ly accessible
pose of these
y 8 inch (102

by 203 mm

) reciangie, ana two nands of a person are determinedto be abte to

simultaneously when the parts are not more than 6 feet (1.8 m) apart.

contact parts

40.4 The continuous current flow through a 500-ohm resistor shall not exceed the values specified in
Table 40.1 when the resistor is connected between the exposed part and either earth ground or any other
exposed accessible part.
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Table 40.1
Maximum measured current during operator servicing
Maximum measured current through a 500-ohm resistor,
Frequency, hertz? milliamperes peak
0-100 71
500 9.4
1,000 11.0
2,000 14.1
3,000 17.3
4,000 19.6
5,000 22.0
6,000 25.1
7,000 or more 275
@ Linear interpolation between adjacent values is to be used to determine the maximum measured ¢urrent corresponding to
frequencies noffshown. The table applies to repetitive non-sinusoidal or sinusoidal waveforms.

40.5 The dyration of a transient current flowing through a 500-ohm resistor connected as|described in
40.2 shall nof exceed 809 amperes, regardless of duration, and the value determined by [the following

equation:
201/5 143
Irs|——
I

in which:

T is the interval, in seconds, between the time that the instantaneous value of theg current first
exceefs 7.1 milliamperes and thextime that the current falls below 7.1 milliamperes for the last time
and

| is thg peak current in milliamperes.

The interval petween oegclrfences shall be equal to or greater than 60 seconds when the current is
repetitive. Typical calctlated values of maximum measured transient current duration are shown in Table
40.2.

Table40:2
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 peak
7.1 7.26 seconds
8.5 5.58
10.0 4.42
12.5 3.21
15.0 248
17.5 1.99

Table 40.2 Continued on Next Page
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Table 40.2 Continued
Maximum peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containing excursions
milliamperes greater than 7.1 milliamperes peak

20.0 1.64

22.5 1.39

250 1.19

30.0 919 milliseconds

40.0 609

50.0 443

70.0 274

80.0 226

90.0 191

100.0 164

150.0 92

200.0 61

250.0 44

300.0 34

350.0 27

400.0 23

450.0 19

500.0 16

600.0 12

700.0 10

809.0 8.3

40.6 The mpaximum capacitance between the terminals of a capacitor that is accessibl¢ during user
servicing shgll comply with thefollowing equations:
C=—— 88,400 for 42.4< E< 400
E " (InE-1.26)
C=35,283E"* for 400 < E< 1000

in which:

C is the maximum capacitance of the capacitor in microfarads and

E is the potential in volts across the capacitor prior to discharge. E is to be measured 5 seconds
after the capacitor terminals are made accessible, such as by the removal or opening of an
interlocked cover, or a similar structure. Typical calculated values of maximum capacitance are

shown in Table 40.3.
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Table 40.3
Electric shock - stored energy
Potential across capacitance prior to discharge, volts Maximum capacitance, microfarads

1000 0.868
900 1.02

800 1.22

700 1.50
600 1.90
500 2.52

200 355
380 3.86
360 4.22

340 4.64
320 513
300 5.71

280 6.40
260 7.24
240 8.27
220 9.56
200 11.2

180 13.4
160 16.3
140 20.5
120 26.6
100 36.5

90 43.8

80 53.8

70 68.0

60 89.4

50 124.0

45 150.0
42.4 169.0

40.7 Current measurements are to be made with any operating control, or adjustable control that is
subject to user operation, in all operating positions; and either with or without a separable connector or
similar component in place. These measurements are to be made with controls placed in the position that
causes maximum current flow.

41 Abnormal Operation Test
411 General

41.1.1 When the conditions of intended operation are not representative of all conditions possible in
service, a product shall not present a risk of fire, electrical shock, injury to persons, when operated under
such abnormal conditions.
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41.1.2 Malfunction of components, shorting of output circuits, failure of cooling fans, and misuses of the
product that result in a risk of fire, electric shock, or injury to persons are examples of conditions to be
simulated during the tests in this section.

41.1.3 During the tests, a single layer of bleached cheesecloth, fabricated at 14 — 15 square yards to the
pound (26 — 28 m?/kg) and having a thread count of 28 by 32, is to be draped loosely over the entire unit.
The product is to be connected to a power supply as indicated in 34.2 and connected in series with a
nontime-delay fuse of the maximum current rating of the branch circuit. Opening of the fuse before any
condition of risk of fire or electrical shock results is determined as complying with the intent of the
requirements. The enclosure, when metallic or using dead metal parts, shall be connected to ground either
through a fuse rated to correspond to the input rating of the unit or 3 A, whichever is less. This fuse shall
not open during the tests. Only one abnormal condition is to be simulated at a time.

41.1.4 Duripg these tests, all fuses which are field-renewable and are not of a non-interchd
shall be replaced by a fuse of the same size but having the highest available current rating
Opening of the fuse before any condition of risk of fire or electrical shock results, shall be
satisfying thg requirement of the test.

ngeable type
for that size.
identified as

41.1.5 All abnormal conditions are to be continued until ultimate results are‘obtained.

41.1.6 Con
a) Th
occur
rise);
b) Th

c) Im

Section 37, and the Dielectric Voltage-\Withstand Test, Section 39.

41.2 Field-

4121 The
electric shoc

4122 The
introduced w

pliance with the tests specified in this section is to be determined by all of the fo

ere shall be no ignition or charring of the cheesecloth indicator (charring is de
red when the structural integrity of the threads“has been destroyed due to the

p fuse from the enclosure to ground shall. n6t open; and

mediately following these tests, the"product shall comply with the Leakage

wiring circuits

e shall be no emission of flame or molten metal or other manifestation of a
when each outputicircuit of the product is individually shorted.

test specified in 41.2.1 shall be applied one at a time. The abnormal cond
hile the@quipment is operating in any intended condition.

41.3 Electr]onic components

lowing:

emed to have
temperature

Current Test,

risk of fire or

ition shall be

41.3.1

All circuits shall be examined using the equipment circuit diagrams and component specifications

to determine those faults that are capable of occurring. Examples are short-circuits and open-circuits of
transistors, rectifiers, diodes, and capacitors, faults causing continuous dissipation in resistors designed
for intermittent dissipation, and internal faults in integrated circuits causing excessive dissipation.

41.3.2 Circuits meeting one of the following conditions shall not be subjected to the tests indicated in
41.3.1:

a) Where there is 10,000 ohms or more of series impedance in a circuit in which the voltage is 125
Vor less;

b) Where there is 20,000 ohms or more of series impedance in a circuit in which the voltage is
greater than 125 V and is less than 250 V;
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¢) When the power source supplying the circuit is Class 2 or 3, inherently power-limited per Table
42.1 or Table 42.2; or

d) When the power source supplying the circuit is Class 2 or 3, non-inherently power-limited with
an overcurrent device per Table 42.1 or Table 42.2.

41.3.3 When a product is intended for emergency-signaling use, all capacitors not determined to be
reliable components as described in 59.1.10, shall additionally comply with the conditions specified in
41.1.1 — 41.1.6, when individually faulted as required in 59.1.10.

41.3.4 The faults specified in 41.3.1 — 41.3.3 are to be applied one at a time. Short circuits shall be
between two terminals of a multi-terminal device at one time. Simulated circuits are also

applied only

capable of bg
circuits indicg
capable of bg
introduced w
jumper leads
having on the

41.3.5 Com

41.4 Transflormer burnout

41.4.1 Ther
following con

a) A tr

b) A p
shorte
results

41.4.2 A cir
circuit breake
breaker shall
protection rat

Exception: W
instructions 3
branch circuif

ing used for high-voltage circuit abnormal tests, but when the tests performed
te damage to other parts of the equipment to the extent that the safety of‘the
ing affected, the tests are to be repeated in the equipment. The abnormal-cong
nile the equipment is operating under intended conditions. This is to, be accq
and remote switches with determination given to the effect these “devices i
test.

bonent burnout shall not be used as the sole means of preventing a risk of fire of

e shall be no risk of fire or electric shock when)a transformer is operated und
jitions:

ansformer supplying a low-voltage circuit shall be tested with the secondary circ

ower transformer supplying a high-voltage circuit shall be tested with the secqd
d, or while connected to a resistive load drawing three times the full rated curre
in the greater current value,

cuit representing the branch circuit on which a transformer is tested is to be p
I rated at least tendimes the primary current rating of the transformer. Opening
occur only when. the installation instructions for the product specify the maximun
ng to be used for'the branch circuit.

hen the™vrating for the circuit breaker is equal to or greater than 30 A, th
re net-required to specify the maximum overcurrent protection rating to be

on simulated
equipment is
ition shall be
mplished by
s capable of

shock.

er one of the

it shorted or

ndary circuit
ht, whichever

otected by a
of the circuit
N overcurrent

b jnstallation
used for the

41.4.3 When a means of limiting the secondary circuit is inherent in or provided as part of the device,
these features are to be given consideration and the burnout test conducted at the maximum load
permitted by the limiting features. These features are not prohibited from being external to the transformer
and include, but are not limited to, the following:

a) Nonresettable thermal elements that are integral with transformer windings;

b) Wire-wound, or other types of resistors that limit the load current;

c) Pos

itive temperature coefficient (PTC) resistors;

d) Inherent limitation due to impedance of the transformer windings; and

e) Nonreplaceable fusing elements that are soldered into the product.
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41.4.4 The testis to be conducted until constant temperature or burnout occurs.
41.5 Communications circuits

41.5.1 When a product has provisions for connection to a telephone, telegraph, or outside wiring as
covered by Article 800 of the National Electrical Code, ANSI/NFPA 70, the product shall comply with the
requirements for protection against overvoltage described in the Standard for Safety for Information
Technology Equipment, UL 1950.

42 Class 2 and Class 3 Power-Limited Circuits Test

42.1 General

42.1.1 All fleld-wiring circuits that derive energy from power sources connected te\a prdduct shall be
classified as|Class 1, 2, or 3 circuits. A circuit shall be labeled Class 1 unless otherwise identified in the
installation dpcumentation and marking on the product.

42.1.2 All gower source(s) supplying a Class 2 or Class 3 power-limited-circuit shall be either inherently
limited requi:ling no overcurrent protection, or limited by a combination of ‘a’power source and overcurrent
protection, slich that a power-limited circuit shall have electrical chara€teristics as described|in Table 42.1
for AC circuits or Table 42.2 for DC circuits.

Table 42.1
Power source limitations for.alternating-current,

Class 2 and Class 3 circuits

Inherently limited power source Not inherently limited power source
(overcurrent protéction not required) (overcurrent protection|required)
Cjrcuit Class2 Class 3 Class 2 Class 3
o over 20 — | over 30 — | over 30 — over 20 — | over 30 — | over 100

Circuit voltage V. (volts)® 0-20 30 150 100 0-20 30 100 —-150
Power limitatiofs (VA)max (VOIt- = - - - 250P 250 25 NA
amps)?
Current limitatigns | o, (@mps)? 8.0 8.0 0.005 150/Vmax | 1000/V ax | 1000/V 0 | 1000/ max 1.0
Maximum overgurrent protection - - - - 5.0 100/Vimax | 100/ Mmax 1.0
(amps)

Power VA (volt-amps) 5.0 X Vinax 100 0.005 x 100 5.0 X Vinax 100 10 100

source V ax
r:’:;‘:é”gg; Gurrent (amps) 5.0 100/Vpae | 0.005 | 100/Vay 5.0 100/Vpax | 100Mmax | 100/Vax

ratings

Voltage ranges shown are for sinusoidal AC in indoor locations or where wet contact is not probable. For non-sinusoidal or wet
contact conditions, see note c.

Vmax: Maximum output voltage regardless of load with rated input applied.

Imax - Maximum output current under any noncapacitive load, including short-circuit, and with overcurrent protection bypassed,
when used. When a transformer limits the output current, I, limits apply after one minute of operation. Where a 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, 1,5, 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 ,,.x and VA -

b When the power source is a transformer, VA ., is 350 or less where V,,,, is 15 or less.

¢ For non-sinusoidal AC, V4, 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 42.2
Power source limitations for direct-current,
Class 2 and Class 3 circuits
Inherently limited power source? (overcurrent Not inherently limited power source
protection not required) (overcurrent protection required)
Circuit Class 2 Class 3 Class 2 Class 3
Circuit volta%e Vinax over 20 — | over 30 — | over 60 — | over 60 — over 20 — | over 60 — | over 100
(volts) 0-20 30 60 150 100 0-20 60 100 -150

Power limitations (VA)nax - - - - - 250° 250 250 NA
(volt-amps)P
Current limitations I« 8.0 8.0 150/ Vo 0.005 150/V pax 1000/ 1000/ 1000/ 1.0
(amps)b Vmax Vmax Vm X
Maximum overcurrent - - - - - 5.0 100/ Vmax 4~100/ VY 1ax 1.0
protection (amp#)
Power A (volt- 5.0 x 100 100 0.005 x 100 5.0 x 100 10 100
source amps) Vinax Vmax Vmax
maximum
nameplate Current 5.0 100/ Viax | 100/ Vipax | 0.005 | 100/ Vmax 5.0 100/ Vnax | 100/ Y max | 100/ Vax
ratings (@amps)
Voltage ranges $hown are for continuous DC in indoor locations or where wet contact is not*probable. For interrupted DC or wet-
contact conditiops, see note d.
@ A dry-cell battgry shall be considered an inherently limited power source, providéd the voltage is 30 volts or less and the capacity

is equal to or leg

Viax: Maxim
Imax: Maximum d
used. When a tr]

impedance, listg
stored energy s

VAax: Maximury
used. Current-li

¢When the pow
9 For DC interru

is probable, Cla
DC that is interri

s than that available from series connected No. 6 carbon zinc cells.
m output voltage regardless of load with rated input applied:

utput current under any noncapacitive load, including short-circuit, and with overcurrent protection b
d for the purpose or as part of a listed product, iswsed in combination with a nonpower-limited trans
urce, e.g., storage battery, to limit the output clrrent, |,,,, limits apply after 5 seconds.

) volt-ampere output after one minute of operation regardless of load and overcurrent protection byp
nited impedance shall not be bypassedwhen determining I, and VA 4.

er source is a transformer, (VA) .y 18350 or less where V.., is 15 or less.
bted at a rate of 120 to 20 Hz, V4, shall not be greater than 24.8 volts. Where wet contact (immersig

bs 3 wiring methods shall be used, or V,,,, shall not be greater than 30 volts for continuous DC and 1
ipted at a rate of 10 to 200, Hz.

ypassed, when

Bnsformer limits the output current, | .., limits apply ‘after 1 minute of operation. Where a current-limiting

ormer or

hssed, when

n not included)
P.4 volts for

42.1.3 Rela
a) Tra

b) The

ive to 42.1.25several means for current-limiting include:
nsformerwinding impedance;

rmal link embedded within the winding overwrap of a transformer;

c) Circuit components (resistors, regulators, transistors) which comply with the Temperature test

under

Imax condition; and

d) Current-limiting impedances such as positive temperature coefficient varistors.

42.1.4 Relative to 42.1.2, the following examples are not means for current-limiting:

a) Circuit component burnout;

b) Per!

manent or replaceable fuses;

¢) Opening of conductors on printed-circuit boards; or

d) Opening of internal wiring conductors.
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42.1.5 The overcurrent protection device referred to in 42.1.2 shall be of the noninterchangeable type
such that it is unable to be renewed in the field with an overcurrent device having a higher current rating.

42.1.6  When conducting |, and VA,,.x measurements, all overcurrent protection devices of the product
are to be short-circuited. All current-limiting devices, however, shall not be bypassed and shall remain
functional.

42.1.7 When the product contains a float battery charger, Vi ax, Inmax, @nd VA, measurements shall be
conducted with both AC and battery connected to the product. When the product contains a battery
transfer relay, or contains a trickle charge battery circuit, measurements of V., Inax, @nd VA, shall be
conducted with the product first energized only from the AC power source and then repeated with the
product energized solely from the battery. The battery used during these measurements shall have the
largest capagity as specified in the manufacturer's installation document.

42.2 Maximum voltage

42.21 With

circuit under
conditions. T
also incorpo

solely from the secondary power source and with the primary powet/source disconnected. T

obtained frorj
42.1 or Table

the product energized only from its rated primary power source,-the output
test is to be measured while the circuit is connected to full rated 16ad and unds

ates a secondary source of supply, this test is to be repeated with the prod

h each power source shall be considered separately,when applying the requiren
42.2.

42.3 Maximum current

4231 In g
connected a
be adjusted
noted. The I
through the
Table 42.2.

42.3.2 The
energized a
referred to i
42.3.4, and @
time period
required a4

rder to determine compliance with-the |, limitation, a variable load resi
cross the circuit. While monitoring the current through the load resistor, the loag
from open-circuit to short-circuit™as quickly as is possible and the highest cU

oad resistor measured after1 minute or after 5 seconds as determined from

maximum currentymeasurement is to be the rms value for circuits that a
d the peak valug for circuits that pulse the output. The measurement of th
42.3.4, starts‘when the output is initially energized with the load specified
ontinues until the current is continuously below the |, value of Table 42.1 or T4

oltage of the
r open-circuit

he maximum voltage recorded under these two conditions shall be V... Where the product

Lict energized
he V.. value
nents of Table

stor is to be
resistor is to
rrent reading

ad resistor is then to be readjusted to produce the highest current obtained and the current

Table 42.1 or

re constantly
b time period
n 42.3.3 and
ble 42.2. The

s to include any momentary period where the output current temporarily dro
limit.

ps below the

42.3.3 Where a transformer limits the value of |5, and when |,,, is unable to be maintained for 1 minute
due to transformer burnout, a plot of current versus time shall be generated and the graph extrapolated to
1 minute. The results satisfy the requirement of the test when the extrapolated value of |, at 1 minute
does not exceed the |, limitations as indicated in Table 42.1 or Table 42.2.

42.3.4 When a transformer does not limit the value of |, and the maximum current through the load
resistor cannot be maintained for 5 seconds due to current-limiting devices (such as opening of thermal
link, power-supply foldback, or PTC varistor effect), the circuit load resistor shall be adjusted to a value
which produces a current just above the |,,,, value indicated in Table 42.1 or Table 42.2. The results are in
compliance when the |, value stated in Table 42.1 or Table 42.2 is unable to be maintained for more than
5 seconds.

42.3.5 In order to determine VA,,,,, the product shall 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, shall then
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be connected across the circuit, the circuit voltage and current recorded, and then the load is to be
removed. The resistance of the load shall then be incrementally decreased, momentarily reconnected
across the circuit while recording the voltage and current, and then removed. This procedure shall be
repeated until the load resistance has been reduced to a short-circuit. Using the recorded voltage and
current, the volt-ampere output under each load condition shall be calculated. The load resistor shall then
be adjusted to that value which produced the maximum volt-ampere calculated and then connected to the
circuit. After the time determined in Table 42.1 or Table 42.2, the voltage and current are again to be
measured. The results of this test are acceptable when the calculated volt-ampere output of the circuit

does not exceed the values in Table 42.1 or Table 42.2, as appropriate.

43 Jarring Test

43.1 A prod
electric shoc|
operation of g

43.2 Thepr
inch (19.1-mr
be applied to
mm) diamete
2.54 feet (774
equipment. S

uct shall withstand jarring from impact and vibration without resulting in_a.
K, causing false signaling operation of any part, or impairing the subsequ
product intended for emergency-signaling use.

pduct is to be mounted as intended to the center of a 4- by 6-foot (2- by 1.8-m)
n) thick plywood board secured in place at four corners. A 3 foot-pound (4.08 J
the center of the reverse side of this board by means of a~1418 pound (504 g
- steel sphere. The sphere is to be either swung through a-pendulum arc from 3
mm), or dropped from a height (h) of 2.54 feet (775 mm), determined by the mq

e Figure 43.1.

isk of fire or
ent intended

nominal 3/4-
impact is to
, 2-inch (51-
height (h) of
unting of the

Figure 43.1

Jarringtest

Steel Sphere

Product Under Test

AN VAR VANV VNN

rrrrrrrrrrrrrrrrri

(2)
Test Method For Unit
Intended to be Mounted

Horizontally

(1)
Test Method For Unit
Intended to be Mounted

Vertically

IP110

43.3 During this test, the product is to be in its intended mounting position, in the supervisory condition,
and connected to a rated source of supply voltage.
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44 Strain-Relief Test — Cord-Connected Products

44,1 When tested in accordance with 44.2, the strain-relief means provided on a flexible cord shall be
capable of withstanding for 1 minute, without displacement or damage to the wire insulation, a direct pull of
35 Ibf (156 N) applied to the cord, with the connections within the product disconnected.

44.2 A 35-lb (15.9-kg) weight is to be suspended on the cord and so supported by the product that the
strain-relief means is stressed from any angle that the construction of the product permits. The means of
affording strain relief does not meet the requirement when, at the point of connection of the conductors,
there is movement of the cord indicating stress has been transmitted to the connections.

44.3 Whenthe

44.2 are to be

completed after the Mold ic Materials —
Use in Electrjcal Equipment Evaluations, UL 746C, is conducted.

45 Strain-Relief Test — Field Connection Leads

451 Each |ead used for field connections, including a battery clip lead.assembly, shall wjithstand for 1
minute a pull of 10 Ibf (44.5 N) without any evidence of damage or of\transmittal of strelss to internal
connections.| The means of affording strain relief does not meet the(requirement when, gt the point of
connection of the conductors, there is movement of the wire indicating stress has been trangmitted to the
connections.

45.2 When|the strain relief is dependent upon a polymeri¢ material, the requirement in [45.1 is to be

completed after the Mold Stress-Relief Distortion Test. specified in the Standard for Polymerjc Materials —

Use in Electrjcal Equipment Evaluations, UL 746C, is conducted.
46 Handle[Strength Test

46.1 To defermine compliance with 2721, a force is to be applied in the intended carr
uniformly ovgr a 2-15/16 inch (75-mmy)length at the center of the handle. Starting at zero, the

ying direction
applied force

is to be gra
maintained
determined
intended car
one handle |

Hually increased so that-the required test value is attained in 5 — 10 seco
the test value for ane. minute. When more than one handle is provided, the test
y the percentagé of the product weight sustained by each handle with the
ying position. When a product weighing less than 55.1 Ib (25.0 kg) is provided W
ut can be_carried by only one handle, each handle is to be capable of withstg

nds and then
force is to be
roduct in the
ith more than
nding a force

based on the total weightof the product.

47 Antennr End-Piece Secureness Test

47.1 An end-piece, used to blunt the end of a sharp point, shall be capable of withstanding a force of 5 Ibf
(22.3 N) applied as described in 47.2.

47.2 The force is to be applied by a weight that exerts a force of 5 Ibf (22.3 N), or a steady pull of 5 Ibf
(22.3 N), 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 Temperature Test, Section 38. The results of the test are
not in compliance with the requirement when the end-piece pulls free or antenna sections are detached.

48 Mechanical Strength Test for Metal Enclosures and Guards and Enclosure Parts Secured with
Adhesive

48.1 The following parts of an enclosure or guard of a unit shall withstand a force of 100 Ib for 1 min,
applied by means of a hemisphere, 1/2-in (12.7 mm) in diameter, and an impact of 5 ft:Ib (7 N-m), applied
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by means of a smooth, solid, steel sphere 2 in (50.8 mm) in diameter and having approximately 1.18 Ib
(0.54 kg) mass:

a) The enclosure or guard of a unit, when of metal, which do not meet the thickness requirements
in 8.2.1 and Table 8.1 — Table 8.3, or

b) Enclosure parts secured with an adhesive meeting 11.5.

48.2 The sphere in 48.1 is to fall freely from rest through a vertical distance of 51 in (1.3 m) or swung
through a pendulum arc of 51 in (1.3 m) in as shown in Figure 48.1 without:

a) Permanent distortion to the extent that spacings are reduced more than 50% of the values

specified-in Spau;nyc, Section18:

b) Trgnsient distortion that results in a reduction of more than 50% of the valueg specified in
Sectiogn 18;

c) Deyeloping openings that do not comply with the requirements in Accessibility of Uninsulated
Live Pparts, Film-Coated Wire, and Moving Parts, Section 10; and

d) DeVeloping access to controls required to have limited-accessibility.
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Figure 48.1

Ball-pendulum impact test

:\;SPHERE
START
| POSITION
|
|
|
H |
|
|
|
1
| SPHERE
| IMPACT
| POSITION
1.
—
TEST
SAMPLE
_/R6iD SUPPORTING SURFACE /
J /S S S S S S A S

IP120

SPHERE
START
POSITION

AN TEST -\
\g SAMPLE SPHERE
@ IMPACT POSITION

\ RIGID SUPPORTING SURFACE
NN N N N N N

NOTES:
1) H =51 inches (1.30 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.


https://ulnorm.com/api/?name=UL 2017 2024.pdf

72 UL 2017 JANUARY 17, 2024

49 Wall- or Ceiling-Mount Test

49.1 To determine compliance with 28.1, the product is to be mounted in accordance with the
manufacturer's installation instructions, using the hardware and construction as described. When no wall
constructions are specified, a wall construction of 3/8-inch (9.525-mm) thick plasterboard (dry wall) on 2-
by 4-inch (50- by 101.6-mm) wood studs spaced on 23 inch (58.4 cm) centers is to be used as the support
surface. The hardware is to be applied as specified in the instructions, and when not otherwise indicated,
the securing screws are to be positioned between the studs and secured into the plasterboard. An
adjustable appliance is to be adjusted to the position that gives the maximum projection from the wall. The
force is to be applied through a 3-inch (76.2-mm) wide strap at the dimensional center of the appliance and
is to be increased in a 5 — 10 second interval until a load equal to the weight of the appliance plus a weight

that exerts a force of three times the weight of the appliance, but not less than 10 Ib (4.54 kg)

is applied to

the mounting

50 Ignition
50.1 The b
constructions|

50.2 Openin
furnace oil p
passes throu

50.3 A sam
distance abo
Bleached chse
count of 32 by
centimeter or
shallow, flat-4
panel but is 1
does not pas
pattern of op
openings. Us
reduce the ris

50.4 Asma
handle whose
cm?®) or 0.34

system. The load is to be sustained for 1 minute.

Test through Bottom-Panel Openings

are suitable for use when they comply with the test described in 5072 — 50.5.

gs in a bottom panel shall be arranged, sized, and numbered so that hot, fl
ured three times onto the openings from a position @bove the panel is extin
h the openings.

ple of the complete, finished bottom panel is to\be supported in a horizontal po|
e a horizontal surface under a hood or in_another area that is ventilated but fre
esecloth running 14 — 15 yd?/Ib (26 — 28*m?/kg) and having what is known to t
28 (a square 1 inch on a side has 32 threads in one direction and 28 in the othg

ottomed pan that is of a size and, shape to cover completely the pattern of op
ot sufficiently large to catch.any-of the oil that runs over the edge of the panel
5 through the openings. Thépan is to be positioned with its center under the

e of metal screen ar wire-glass enclosure surrounding the test area is reco
k of injury due to splattering oil.

| metal ladle not more than 2-1/2 inches (63.5 mm) in diameter, with a pouring |
longitudifalaxis remains horizontal during pouring, is to be partially filled with @
ounce, (1)ml) of No. 2 fuel oil, which is a medium-volatile distillate having a n

gravity of 30
136,900 BTU
containing th
be poured at

degrees, a flash point of 110 — 190°F (43.3 — 87.7°C), and an average calg
galy(38.2 MJ/L). See the Standard for Specification for Fuel Oils, ASTM D396-

d

the approximate rate of — but not less than —

pttom-panel constructions described in 8.9.2 are suitable for use without testing. Other

aming No. 2
juished as it

sition a short
b from drafts.
ne trade as a
r or square 1

a side has 13 threads in one directiotrand 11 in the other) is to be draped in ong¢ layer over a

enings in the
or otherwise
center of the

Enings in the panel. The center of the cheesecloth is to be 2 inches (50.8 min) below the

mmended to

p and a long
.61 inch® (10
ninimum API
rific value of
D2. The ladle
nd then is to

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 (102 mm) above the openings. It
is to be observed whether the oil ignites the cheesecloth.

50.5 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 ounces (10 cm?® or 10 ml) of hot, flaming oil is to be poured from the ladle onto the
openings, and it is again to be observed whether the cheesecloth is ignited. Five minutes later, a third
identical pouring is to be made. The openings are not in compliance with the requirement in 50.1 when the
cheesecloth is ignited in any of three pourings.
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51 Rain Test

51.1 The section of equipment intended to be exposed to weather shall withstand a rain exposure for 1
hour without producing a risk of electric shock or affecting the intended operation of a product intended for
emergency-signaling use. The test shall not result in wetting live parts.

51.2 The product is to be un-energized during this test, and tested under the conditions most likely to
cause the entrance of water into the enclosure. Each exposure is to be for 1 hour, and when more than
one exposure is required, drying of the unit prior to the second or subsequent exposure is not required.

51.3 Field-wiring connections are to be made in accordance with the wiring method specified for the
product_ Op hinge intended-to-terminate-inconduit-are-to-be-sealed- npnninge intended-forthe entry of a
conductor(s)| for a low-voltage circuit are not to be sealed unless seals are provided.as.[a part of the
product.

51.4 Following each one-hour exposure, the product is to be examined to determine thaf no electrical
parts are wef and that there is no accumulation of water within the enclosure. Also see 51.5.

51.5 After gach exposure, the complete product shall comply with the-requirements of the Dielectric
Voltage-Withstand Test, Section 39. In addition, products intended (for emergency-signaling use shall
operate as intended.

51.6 The rdin test apparatus is to consist of three spray heads mounted in a water supply rack as shown
in Figure 51./1. Spray heads are to be constructed in accordance with Figure 51.2. The water pressure for
all tests is to|be maintained at 5 psi (34.5 kPa) at each spray head. The unit is to be broughfinto the focal
area of the three spray heads in such position and under such conditions that the greatdst quantity of
water enters|the product. The spray is to be directed at an angle of 45 degrees to the verti¢al toward the
louvers or otlher openings closest to live parts.
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Figure 51.1

Rain test apparatus
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Figure 51.2
Rain test spray head

ASSEMBLY 2

B C—={ 1/ TAPERED PIPE
\I‘ A THREAD -

ANSI/ASME 81.20.1

o

)
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J

3+ SQUARE SECTION SLOTS - W WIDE x G DEEP - SPACE 120° -
60 HELIX - LEADING EDGES TANGENT TO RADIAL HOLES

ltem inch mm ltem inch mm
A 157 /32 31.0 N 1/32 0.80
B 7/16 1.0 P 975 14.61
C 9/16 14.0 976 14.63
D 578 14.68 Q 433 11.51

.080 14.73 454 11.53
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 0.80
G 06 1.52 T (No. 352 280
H (No.9)° 5.0 U  (No. 40)® 250
J 23/32 18.3 v 5/8 16.0
K 5/32 3.97 w 0.06 1.52
L 1/4 6.35
M 3/32 2.38
0 Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories
b ANSI B94.11M Drill Size
C Optional — To serve as a wrench grip.
RT100E
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52 Drop Test

52.1 A product intended to be mounted atop a desk or shelf or on a wall, and not secured in place by
mechanical means, shall show no signs of excessive damage that results in live parts becoming
accessible and shall not produce a risk of fire when subjected to the conditions specified in 52.2.

52.2 Three samples of the assembly in the as-received condition are to be subjected to a total of nine
drops (three drops each) from a height of 3 feet (0.91 m) onto a hardwood surface. The test is to be
conducted so that for each drop, the sample strikes the surface in a different position.

52.3 Following the |mpacts the un|t is to be examlned for damage Cracking of the enclosure is

permitted whg

intended for ¢

when a dust-

52.4 Follow
cheesecloth
by 28, (a squ
centimeter or]
for 3 hours at
by ignition or
Dielectric Vol

mergency- S|gnal|ng use. Crackmg of the enclosure does not meet the require
pr moisture-tight enclosure is required.

ng the test described in 52.2, a high-voltage product is to be\ wrapped
unning 14 — 15 yd?/Ib (26 — 28 m?/kg) and having what is known in'the trade as
are 1 inch on a side has 32 threads in one direction and 28 threads in the othe
a side has 13 threads in one direction and 11 in the other)\The product is to

of a product
ment in 52.1

in bleached
a count of 32
I or square 1
be energized

rated voltage. There shall be no molten metal or flame enitted from the unit, as evidenced

charring of the cheesecloth. The product shall also{eomply with the require
age-Withstand Test, Section 39, following this test,

53 Immersi

53.1

the submersi

53.2 A prog
specified in th

54 Gasket /
541 Three

composition,
product shall

A product intended to be immersed in water, is-'to be submerged in a salt-water s
percent by weight of common salt [sodium chloride® (NaCl)] in distilled water, for 168 ho
Resistance njeasurements made between normally isolated circuits, between all circuits an
parts, and befween all circuits and a metal enclosures or mounting surface before and imm

n Test

n shall not be less than 1.5 megohms.

uct intended for sewage applications shall comply with the Sewage Appl
e Standard for Industrial Control Equipment, UL 508.

\ccelerated Aging Test

specimens of a gasket of elastomeric materials such as neoprene, rubbs
rubberscomposition or flexible cellular material used to prevent the entry of
be subjected to an accelerated aging test as specified in Table 54.1. Results arg

ments of the

blution of 20
urs (7 days).
] dead-metal
ediately after

cation Tests

Br, neoprene
water into a
identified as
deterioration

satisfying the

requirements in 8.10.3 when, following the test, there is no visible evidence of

such as cracking after flexing, shrinkage, distortion, softening, hardening, or similar deterioration to an
extent that affects the integrity of the seal intended to be provided by the material, when compared to
unaged samples.
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Table 54.1
Accelerated aging conditions

Measured temperature rise?

More than, Not more than,
°F (°C) °F (°C) Test program®
0 0 63 35 Air-circulating oven aging for 70 hours at 212°F (100°C)

63 35 90 50 Air-circulating oven aging for 168 hours at 212°F (100°C)
90 50 99 55 Air-circulating oven aging for 168 hours at 235°F (113°C)
99 55 117 65 Air-circulating oven aging for 240 hours at 250°F (121°C)
117 65 4% B0 Alr-circulating oven agmg for 168 hours at 247°F (136°C)
144 80 216 120 Air-circulating oven aging for 1440 hours at 320°F (150°C)
216 120 225 125 Air-circulating oven aging for 1440 ‘hours at 316°F (158°C)
225 125 234 130 Air-circulating oven aging for 1440 hours at 327°F (164°C)
234 130 252 140 Air-circulating oven agingfor4440 hours at 345°F (174°C)
252 140 270 150 Air-circulating oven aging/for 1440 hours at 363°F (184°C)
270 150 288 160 Air-circulating oven, aging for 1440 hours at 381°F (194°C)
288 160 306 170 Air-circulating oven aging for 1440 hours at 399°F (204°C)
306 170 315 175 Air-circulating oven aging for 1440 hours at 410°F (210°C)
315 175 333 185 Air-circulating oven aging for 1440 hours at 428°F (220°C)
333 185 351 195 Air=circulating oven aging for 1440 hours at 446°F (230°C)
351 195 369 205 Air-circulating oven aging for 1440 hours at 464°F (240°C)
369 205 387 215 Air-circulating oven aging for 1440 hours at 482°F (250°C)
387 215 405 225 Air-circulating oven aging for 1440 hours at 300°F (260°C)

2 Maximum terf

b Air-circulating

hperature rise measured on the material during the temperature test.

oven temperatures specified havesa tolerance of £3.6°F (x2°C).

55 Gasket

55.1 The G
and closed, fi

55.2 Three
1+2°C). While

Low Temperature Test'— Outdoor Use

asket Low Temperature Test is to be conducted on solid elastomer material, a
exible, cellularmaterial utilized in products intended for outdoor use.

specimens of the gasket are to be subjected to 24 +1/2 hours at minus 40 +3.¢
at.the'test temperature, each specimen is to be bent within 5 seconds around

(6.4 mm) ma

nd both open

°F (minus 40
the 0.25 inch

ndrel to form a "U" bend. To minimize heat transfer to the specimen or "O"

ing segment,

gloves are to be worn. Each specimen is to be examined for evidence of cracking. Following the test, there
shall be no visible evidence of deterioration such as cracking after flexing, shrinkage, distortion, softening,
hardening, or similar deterioration to an extent that affects the integrity of the seal intended to be provided
by the material, when compared to unconditioned samples.

56 Tests on Special Terminal Assemblies

56.1

56.1.1

General

To determine its suitability as a field-wiring connection under field-wiring terminals (qualified

application), 14.5.1 and 14.5.2, representative samples of the terminal assembly shall comply with 56.2.1

—-56.5.2.
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56.2 Mechanical secureness

56.2.1 A terminal connection shall withstand the application of a straight pull of 5 Ibf (22.2 N), applied for
1 minute to the wire in the direction which would most likely result in pullout, without separating from the
terminal.

56.2.2 Six samples of the terminal are to be connected to the wire sizes with which they are intended to
be used, in accordance with the manufacturers instructions. When a special tool is required to assemble
the connection, it is to be used. Each sample is to be subjected to a gradually increasing pull on the wire

until the test pull of 5 Ibf (22.2 N) is reached.

56.3 Flexing-test

56.3.1 The
without break|

56.3.2 Sixt
be subjected
wire in 3 Ibf (
the wire shall

ire attached to a terminal shall be capable of withstanding an average of §¥ight
ng.

brminal assemblies using the maximum wire size, and six with the minimum w
to this test. The terminal shall be rigidly secured so as to prevent any movem
1.4 kg) of tension and held at a point 3 inches (76.2 mm)from the terminal-to-
be bent at a right angle from the nominal wire position, The wires shall be asse

angle bends

re size, shall
ent. With the
wire juncture
mbled to the

terminals usipg any special tool required as per the manufacturersinstructions. The tensiof on the wire

shall be suffig

56.4 Millivglt drop test

56.4.1 The
intended to b
through the t¢g

56.4.2 Six t
wire sizes ar
special tool,

measured us
manufacturer|

56.5 Tempe

56.5.1 The

ient to hold the wire in a rigid position during the flexing'trials.

millivolt drop across a terminal connection using the maximum and minimu
b used, shall not be greater than 300 millivolts with the maximum current of the ¢
rminal connection at the rated voltage of the circuit.

erminal assemblies using thetmaximum wire sizes and six assemblies using
b to be subjected to this-test. The wires are to be assembled to the terming
vhen required, according-to the manufacturer's instructions. The millivolt drop
ing a high impedance millivoltmeter with the maximum current, as sped
flowing through the connection.

rature test

maximum temperature rise on a terminal junction with the maximum or minimd

with which th
77°F (25°C).

T terminal is used, shall not be greater than 86°F (30°C) based on an ambient te

n wire sizes
ircuit flowing

he minimum
Is using any
is then to be
ified by the

m wire sizes
mperature of

56.5.2 Six terminal assemblies using the maximum wire size and six using the minimum wire size are to
be subjected to this test. The wire is to be assembled to the terminals using any special tools, when
required, according to the manufacturer's instructions. The maximum current is then to be passed through
the terminal connection to which the wire will be subjected in service. After temperatures have stabilized,
the maximum temperature rise is to be measured by the thermocouple method in accordance with the
Temperature Test, Section 38.

TESTS - EMERGENCY-SIGNALING USE EQUIPMENT
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57 General

57.1

Products intended for emergency-signaling use shall comply with all other applicable sections of

this standard, except that in the event of conflict, the requirements in Sections 58 — 76 shall apply.

58 General System Functions

58.1

58.1.1

General

A product shall be capable of operating for all conditions of its intended performance when used

in conjunction with initiating devices, alarm devices, and power supplies to form a combination of the type

indicated by

58.1.2 Tod
devices, and
diagram to f
intended per

58.1.3 The
product, exc
actuation of

58.1.4 The
except that s
and circuit Ig
investigation
with the prod

58.1.5
signaling pro
the installatig
from being u

58.1.6 Duri
voltage.

58.1.7 Awvi
voltage, eme
requirement.

Intefconnected equipment such as-accessories, other emergency- and/or no

lo H tallad: HH PUH ol 4 ' Loel whla it
G irrotdinatyurt vwirt IU Luaul anrarid mouuttivlrico osUPPYIICU Wit T

etermine when a product complies with the requirement in 58.1.1, initiating d
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Lct in service.
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n wiring diagram/instructions of the product, except that substitute devices are
sed when they produce equivalent evidence of operation and circuit loading.
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Sual power "on" indication, visible after the product is installed, is to be presenpt on all high-

B intent of this

58.1.8 The operation of any initiating device shall cause the system to produce a clearly defined signal or
action of the type which is described in the product's installation instructions.

58.1.9 The audible alarm signal used for an emergency alarm shall be distinctive from other sounds such
as fire or security alarms, telephones, smoke alarms, carbon monoxide alarms, and door bells.

58.1.10 When a product also provides non-emergency functions, an emergency alarm signal or action
shall take precedence and be clearly recognizable over any other signal, even when the non-emergency
signal or action is initiated first.

58.1.11

The operation of a product shall not depend upon any ground connection.
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58.1.12 To determine that a product complies with those requirements which specify the application of a
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.

58.1.13 Automatic processing and activation of alarm notification appliances, local alarm signal
annunciation, alarm actuation, emergency voice communication, and/or beginning transmission to a
supervising station receiver, as applicable, shall not be greater than 30 seconds from the operation of an
initiating device in a worst case loaded product/system.

58.1.14 Unless otherwise specifically stated elsewhere, fault or adverse conditions of wiring or
equipment refjuired to be monitored for integrity shall produce a trouble signal or trouble ttarjsmission, as
applicable, within 200 seconds of the time the fault occurred.

58.2 Powersources

58.2.1 The |nterruption and restoration of any source of electrical energy. connected to a product shall
not cause an plarm actuation.

58.2.2 Products that provide a standby power source shall operate as follows:

a) The normal operation and monitoring for integrity of the unit from the secondary power source
under|normal and emergency conditions shall produge the same signals and actigns produced
when the unit is connected to its primary power source.

Exception: Tone generators, amplifiers, presamps for an emergency audio annouficement and
paging system are not required to remain ehergized when they automatically re-energize for alarm.

b) Opg¢rating power of the product shall’automatically be transferred to the standby power source
within[30 seconds after each of the-following conditions:

1) A total loss of main pewer or
2) Degradation of‘main power to less than 85 percent of rated voltage.

Transfer to the standby power source shall occur between 85 and 90 percent of rated voltage.
Restofation of product operation to the main operating source shall occur within 30 minutes from
the tinpe main(power voltage reaches a value more than 90 percent of rated voltage.

Exception®A lower transfer cutout voltage is not prohibited when operation of the groduct is not

c) Transfer of operating power to a standby source or return to the primary operating power source
shall not cause the loss of an alarm condition or action.

58.3 Program-controlled products and systems

58.3.1 The requirements in 58.3.2 — 58.3.10 cover products and systems the intended operation of which
is controlled or influenced by a stored program. The word "program,” as used here, refers to a set of
instructions that is carried out in a sequential and repetitive manner and that determines the system action
or output signal resulting from a specified system input signal. The word "stored" refers to the action
provided by memory devices in which the memory is either transient or permanent and which is used for
retaining information, instruction, status, etc.
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58.3.2 The basic operating program shall not be accessible for change, modification, or addition by the

user.

58.3.3 Site-specific programming is to be done either at the factory or in the field. When the product
permits programming in the field, the extent of the programming shall be limited to the following:

a) Enabling or registering points and network configurations;

b) Assignment of input points with regard to type (such as emergency or non-emergency);

c) Assignment and mapping of output circuits where there is a procedure or product feature which
allows the user to readlly verlfy and review aII programmlng [output circuit activation of a

supery

oper:
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as equivalen
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requirement.
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brovide a minimum of 1000 possible combinations or otherimeans that have beg
t. The security means shall not be the same as the @ccess means provided
erational controls or features. The use of different) passwords meets the

| programming or any subsequent re-programming of a local monitoring unit fr
require manual actuation of the security“means at the local monitoring unit. O
shall either be completed on-site or dewnloaded from an off-site location.

. 1: For a Type AM system intended to protect only contiguous proper
from the supervising station without local manual actuation is permitted.

D. 2: Re-programming of'the telephone numbers associated with a DACT frq
but local manual actuation.

n the proper opération of a product is adversely affected due to actuation o
[ing any re-programming, the product shall produce a visual trouble signal. In ag
nit connected to a supervising station receiver shall transmit a trouble signal.

mplished by the

hancement to

amming. The
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o enable the
intent of this

bm an off-site
nce activated,

lies, program

m an off-site

f the security
dition, a local

stem _shall not be affected when the system fails to execute any supplementary ;I)rogram.

58.3.8 All software programs shall be stored in nonvolatile memory which is sealed against atmospheric
contaminants and is not subject to continuous mechanical wear.

Exception: Programs and data which are of a supplementary nature and memory storage appliances used
for initial product setup, for archiving of data, or for other supplementary purposes.

58.3.9 With reference to the requirements of 58.3.8, volatile memory is that type of memory wherein any
interruption of power results in loss of information content in the storage medium.

58.3.10 The software shall have the capacity of properly handling, without loss of any signal,
simultaneous status change signals occurring at all input zones (up to a maximum of 20) or 10 percent of
the total number of input zones, whichever is greater.
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59 Type AM (Attendant-Monitored) Emergency-Signaling Products

59.1

59.1.1

General

Products intended to be used as Type AM emergency-signaling equipment shall comply with the

requirements of General System Functions, Section 58, and Type AM (Attendant-Monitored) Emergency-
Signaling Devices, Section 59.

59.1.2 Except where otherwise specifically indicated, all alarm and trouble signals shall be annunciated
at the supervising station.

59.1.3 Ana
recorded at th

59.1.4 Alam
device of the
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is locked in af

59.1.6 Whe
requires man
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Exception: E
supervising s

59.1.7 The
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e supervising station in no more than 90 seconds.

N signals shall be maintained continuously and locked in by the product unt
broduct is operated or the signal is manually acknowledged.

bls are not required to be locked in at local monitoring units when each status g
the supervising station.

N the off-normal position of any normally preset mechanism or similar part
Lial restoration in order to permit normal signaling performance of the product,
ther an audible or visual trouble signal only-is suitable for mechanisms that a

ation equipment.

pperation of any manual-switching part of a product to other than its normal posi
he normal supervisory condition:shall be indicated by a trouble signal, when t
switch interferes with normal 6peration of the product.

ther an audible or visual trouble signal only is suitable for mechanisms that a
ation equipment.

s to start’with the representative system combination in the normal supervisg
5 then 6 be operated for signals with the manual-switching part in each position.

uses’of a product shall be electrically supervised to indicate rupture of the fuse

splayed, and

| a resetting
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of a product
such position

'e part of the

ion while the
e off-normal

'e part of the

bf 59.1.7, the
ry condition.

by an audible
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wnern the Tault prevents normal operalion of theanit.

59.1.10 Opening or shorting of capacitors, shall either have no adverse effect on normal operation or
must be indicated by a trouble signal, or by an alarm signal or actuation.

Exception: When it is not practical to have a component failure indicated, a reliable component shall be
employed. The reliability of the component is to be based on derating or on reliability data recorded for the
particular component. Suitable sources for reliability data are:

a) The Capacitor derating parameters specified in Table 59.1;

b) Military Handbook Electronic Reliability Design Handbook, MIL-HDBK-338; and

c) Component reliability data on actual field performance in a similar application such that the

failure

rate is equal to or less than 0.5 failures per million hours of operation.
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Table 59.1
Capacitor derating parameters

Type

Derating parameter

Derating level

Mica, film, glass

Ceramic

Electrolytic aluminum

DC voltage
Temperature from maximum limit
DC voltage
Temperature from maximum limit
DC voltage

Temperature from maximum limit

60 percent
10°C
60 percent
10°C
80 percent
20°C

Eledtrolytic tTantarum

Yolid tantalum

DT voltage
Temperature from maximum limit
DC voltage

Maximum operating temperature limit

BU percen
20°C
60 pércen
85°C

59.1.11 Faijure of a cooling fan motor which would result in temperatures exceeding those|in Table 71.1
shall be indidated by an audible trouble signal.

59.1.12 For a local monitoring unit controlled and influenced byya software program, a frouble signal

shall be trangmitted within 200 seconds of the occurrence of any.of the following malfunctiong:

a) The product/system does not execute its program-cycle;

b) A power-supply output upon which the operation of the stored program relies (sugh as a micro-

proceissor, memory, disk supply, or similar equipment) ceases to operate; or

c) Raqtation ceases, or fails to start when required, in a control unit/system that| incorporates
permanent memory-storage devices having rotating elements.

Exception: Supervision is not fequired when malfunction of the memory-storage devige results only
in loss of supplementary information or features and when the product is still capablg of indicating

the nature and location of-ahy status change or producing alarm/trouble actuation.

59.1.13 For a supervising station controlled and influenced by a software program, an apdible trouble
signal shall be activated\within 200 seconds of the occurrence of any of the malfunctionq described in

59.1.12.

59.1.14 A product shall not be affected when the system fails to execute any supplemerjtary software

program.

59.2 Annunciation, display, and recording

59.2.1 The supervising station shall have a recording device, consisting of either printer, magnetic
medium, or equivalent, as well as two additional means, one of which shall be an audible signal, of alerting
the operator to receipt of a status-change signal. Status-change signals shall include alarm and trouble
signals as well as their restoration to normal.

59.2.2 Status-change signals shall provide the following information:

a) ldentification of the type of signal to show whether it is an alarm or trouble signal;

b) Identification of the status change to differentiate between the initiation of an alarm, or trouble, or

a restoration or return to normal from one or more of these conditions; and
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c) ldentification of the point of origin of each status change signal.

59.2.3 All status-change signals shall be automatically and permanently recorded and displayed in a
form which expedites prompt operator interpretation in accordance with any one of the following:

a) When a visual display is used that automatically provides status change information for each
individual signal, including type and location of occurrence, any form of automatic recording is
acceptable. The recorded information shall include the content described above. The visual display
shall show status information content at all times, and shall be distinctly different after the operator
has manually acknowledged each signal. Each visual status change shall also be accompanied by
continuous operation of an audible indication which alerts the operator to a signal status change.
The audible indication shall either cease or change in form upon acknowledgment. Failure to

ackno

b) Wh
on du
incom
each

persis
ackno
signal

c) Wh
inform
and di

wledge a signal shall not prevent subsequent signals from being received.

en a visual display is not provided, signal content information shall be automatic
plicate recording instruments. One recording instrument shall be .used for

ng signals, while the other shall be used for alarm, and trouble signals only. T
bignal requiring operator attention shall be accompanied by an @udible indicat

wiledge a signal shall not prevent subsequent signals from being recorded. Rest
ng device to its prior or normal condition shall be recorded by one or more instru

en a visual display is used in conjunction with a single recording device, the s
ation and acknowledgment shall be both displayed and recorded. The method

1) Each incoming signal requiring action“to be taken by the operator shall
audible signal and not less than two independent methods of identifying the tyj
and location of the status change.

2) Each incoming signal shall*be’ automatically recorded. The record shall pro|
of signal, condition, and location, in addition to the time and date the signal was

3) Failure to acknowledge or act upon an incoming signal shall not preven
signals from being received, indicated, or displayed and recorded.

4) Each incaming signal shall initiate an audible signal that persists u
acknowledged-

5) Wheén)a single display which does not permit viewing of all received signals
is used, the display shall either:

until manually acknowledged. The acknowledgment shall be recorded.

splay or indication of received signals shall pravide all of the following conditions:

ally recorded
recording all
he receipt of
on that shall
Failure to
bration of the
ments.

gnal content
of recording

result in an
be, condition,

vide the type
received.
subsequent

ntil manually

concurrently

i) Retain each Qignal on the visual dicpl:\y until m:nllally acknow

edged (also

indicating when additional signals are waiting to be displayed) or

ii) Sequentially display each received signal in a scrolling manner until each signal is
manually acknowledged. Each signal shall be displayed a minimum of 2 seconds

and a maximum of 5 seconds during each scroll.

6) When concurrent signals are received, they shall be displayed as follows in descending

order of priority:
i) Signals associated with life safety;
ii) Signals associated with property safety;

i) Trouble signals associated with life and/or property safety; and
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iv) All other signals.

7) Means shall be provided for the operator to repeat the display any alarm, trouble, or other
signals which have been acknowledged but for which a restoration to normal signal has not
been received.

59.2.4 Silencing of an audible status change indication signal which is common to several circuits shall
result in re-energization of the audible signal upon receipt of a subsequent status change signal.

59.2.5 Where a visual indication is required in 59.2.3 to identify a status-change signal and location from
which the signal originated, any one of the following, or a means determined to be equivalent, is required:

a) Supervised, single-lamp circuit including a common lamp test switch;

b) Unsupervised, reliable, light-emitting diode (LED) including a common\lamp test switch.
Reliability data to be provided by manufacturer;

¢) Unpupervised, parallel-lamp circuit (at least two lamps);

d) Unisupervised, single-lamp circuit with supplementary recording of type, condition| and location
of sighal received;

e) Twp recorders;
f) Liquid-crystal display or equivalent with test means and one recorder;
g) Unpupervised, single-lamp circuit plus commoralarm lamp plus a common lamp test switch; or

h) Manitor/CRT evaluated for the purpose (emmergency- and/or fire-protective-signaling use).

59.2.6 In ligu of a common lamp test switch([see 59.2.5 (a), (b), and (g)], an equivalent me@ans to readily
identify a bufned-out lamp shall be used.-A.common lamp test switch shall either be comman to all lamps
or a particular group of lamps.

59.2.7 To facilitate the prompt receipt of emergency alarm signals when multiple, simultaheous, status
changes of pny type occur within the system, the product shall comply with either of [the following
requirementsg:

a) The system shall be able to record, within 90 seconds, as simultaneous status changes, not less
than p0 status changes for systems of 500 or more initiating devices circuits or nof less than 10
percent of the total number of initiating devices or initiating device circuits connected, whichever
numbier is 'Smaller.

b) The system shall record emergency alarm signals at a rate not slower than one every 10
seconds when any number of status changes occur at any rate without loss of any signals.

Exception: Where alarm emergency signals and their associated trouble signals are the only
signals processed by a product/system, the rate of recording shall be not slower than one signal
every 30 seconds.

59.2.8 Multiple-operator interfaces for the same supervising station unit shall be arranged to provide
segregation of signals or responsibilities for operator action regarding status-change signals.

59.2.9 The circuit of a printer in the supervising station is not required to be monitored for integrity
regarding single-open, single-ground, or wire-to-wire short faults.
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59.2.10 Interconnecting wiring between a stationary computer and the computer's keyboard, video
monitor, or mouse-type device is not required to be supervised when a complete open circuit in the
interconnecting cable is obvious to the user or does not affect the required product operation.

59.3 Power sources

59.3.1 The primary operating power of all products using standby power sources shall be monitored for
the presence of voltage at the point of connection to the product such that after reaching the voltages
specified by 58.2.2, an audible and visual trouble signal shall be annunciated.

59.3.2 The requirement in 59.3.1 does not apply to the following circuits:

a) A ppwer supply for supplementary equipment;
b) Thg neutral of a three-, four-, or five-wire AC or DC supply source; or

c) The primary power supply source of the receiving equipment of a Type-AM prodlict when the
fault cpndition is obvious to the operator on duty.

59.3.3 For ltnits that do not utilize a transfer cutout scheme (such ds a floated battery),|the required
trouble indication shall occur before the charging voltage for the secondary power source decfeases below
the marked npminal rated battery voltage.

59.3.4 All sfandby power sources, other than those used-solely to sustain time and dafe or volatile
memory, shall be monitored for the presence of voltage at.the point of connection to the product such that
loss of voltage shall result in the annunciation of an audible’and visual trouble signal.

59.3.5 Loss| of both primary and/or standby pewer to any portion of the product rempte from the
supervising station of the system shall result_the transfer of any common trouble relay contacts, when
provided, and a trouble annunciation at the stipervising station.

59.3.6 A primary battery shall only be iised as the sole source of power for a product using a low power
RF transmitter when all of the following conditions are met:

a) A product shall superyise the capacity of the primary battery. The battery shall he monitored
while loaded by either-transmission of the transmitter, or a load equivalent to the load imposed by
transnpission.

b) A battery-treuble status signal shall be transmitted for a minimum of 7 days before the battery
capacity .of the transmitter has depleted to a level insufficient to maintain proper opgration of the
transnpitter. The battery-trouble signal annunciation is not prohibited from initially being delayed up
to 4 hours. The battery-trouble signal shall be re-transmitted at intervals not exceeding four hours
until the battery is replaced.

c) The battery (of the transmitter) shall be capable of operating the transmitter, including the
initiating device (when powered by the same battery), for not less than the minimum service time
specified by the manufacturer before the battery depletion threshold specified in (b) above is
reached.

d) Annunciation of the battery-trouble status signal shall be distinctly different from alarm signals,
and initiating-circuit-trouble signals. It shall consist of an audible and visual signal which shall
identify the affected transmitter.

e) The audible trouble signal is not prohibited from being silenceable when provided with an
automatic feature to resound the signal at intervals not exceeding 4 hours.
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f) The battery-trouble status of signal shall persist until the depleted battery has been replaced.

g) Any mode of failure of a primary battery in an initiating device transmitter shall not affect any

other

initiating device transmitter.

h) Each transmitter serves only one device and is individually identified at the receiver unit.

59.4
59.4.1 Gen

59.4.11
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a) Trd
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e requirement in 59.4.1.1 does not apply to the following circuits:

uble signal circuits.

b) Int¢rconnection between equipment within a common enclosure:

c)Ad
a grg

ircuit for supplementary-system components, when néither a short-circuit, an o
und-fault, or the failure of the supplementary equipment, in no way affect

opergdtion of the product except for omission of the.supplementary feature. When

comp
circui
a circ
of the
signa
signa

d) Co

y with the above requirement, overcurrent protective devices provided for s
protection shall be noninterchangeable. A Supplementary-device circuit is dets
Lit provided for controlling a device, the operation of which is supplementary to
Type AM equipment. Supplementary:'devices usually include additional pri
ing appliances, pilot lamps, and the\ike, so applied as to produce duplication g
S.

nductors for ground detection; where a single ground does not prevent the re

opergtion of the system.

e)Ad
of the

f) A
provig

ircuit for shunt nonsinterfering performance of initiating devices, provided that a
circuit wiring results only in the loss of the non-interfering feature of operation.

ircuit of anvalarm appliance intended to be installed in the same room with
ed the ,alarm appliance circuit conductors are to be installed in conduit, or hg

determined to-be equivalent, against mechanical injury.

g) Ci

livalent paths
nal.

ben-circuit, or
s the normal
necessary to
Upplementary
ermined to be
the operation
nters, audible
f the required

uired normal

ault condition

the product,
ve protection

cuits” where the circuit connections extend to additional control equipment,

provided that

these wiring connections are intended to be made within 20 feet (6.7 m) and are enclosed within
conduit, or have protection determined to be equivalent, against mechanical injury.

59.4.1.3 The utilization of a double loop, or redundant conductors or paths, to avoid electrical supervision
is not in compliance with the requirement in 59.4.1.1.

59.4.1.4 A single-open or a single-ground on any circuit shall not cause an alarm signal.

59.4.1.5 A multiple ground-fault, or wire-to-wire short-circuit fault on installation conductors intended for
connection to limited energy cable, which would prevent required alarm operation, shall result in either a

trouble signa

| or an alarm signal.

59.4.1.6 The occurrence of a fault condition on the installation conductors of one alarm appliance circuit
shall not affect the operation of any other alarm appliance circuit.
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59.4.1.7 With the exception of those circuits described in 59.4.1.8, a wire-to-wire short-circuit fault on any
alarm appliance circuit, when the product/system is in the normal supervisory condition, shall result in an
audible trouble signal.

59.4.1.8 The requirementin 59.4.1.7 does not apply to the following:

a) A circuit employed to produce a supplementary local alarm signal, provided that a wire-to-wire
short circuit fault on the circuit does not affect the required operation of the system or

b) The circuit of an alarm appliance intended to be installed in the same room with the unit, where
the alarm appliance circuit conductors are to be installed in conduit or have protection against
mechanical injury determined to be equivalent.

59.4.1.9 Re

trouble signal

594110 T
wiring of a ke
and keypad ¢

ays or modules providing transmission of trouble signals shall be arranged
when all power to the relay or module is removed.

ne fault conditions indicated in 59.4.1.1 and 59.4.1.5, when applied*to the int
ypad used as a primary operator interface, are not required to result in a trouble
bmmands are not required to be operable when the following operations are not

to provide a

erconnection
annunciation
inhibited:

a) Any alarm operation;
b) Any required signaling to the receiving unit; and
c) Any required alarm-signal silence annunciation,~whether the silenced condition| is achieved
manuglly or automatically.
59.4.1.11 When multiple keypad busses are used the faults shall be applied independently tp each buss.
59.4.1.12 When the keypad is intended to goperate as a supplementary device, similar to an[annunciator,

the requiremgnts in 59.4.1.2(c) apply.

59.4.1.13 Rpemote (but not supplementary) annunciators, shall comply with the requirementg in 59.4.1.1.

Exception: THe interconnecting path complies with 59.4.1.2(g).

59.4.1.14 A
capability to g

supplemefitary-device circuit or supplementary system component shall rjot have the

ontrol the @6peration of a supervising station of a Type AM system.

59.4.2 Lowipower radio frequency

59.4.2.1 The requirements contained in 59.4.2.2 — 59.4.2.10 are based upon the receiver functioning as
the constantly attended supervising station. When a separate supervising station is provided, and the
receiver only functions as a local monitoring unit, all the requirements in this Section shall be met.
Additionally, a common alarm and trouble signal (as a minimum) shall be transmitted to the supervising
station in accordance with 59.1.1 — 59.4.1.13.

59.4.2.2 The requirements in this section and in Short-Range Radio-Frequency (RF) Devices, Section
75, cover the operation of products and systems that utilize initiating, annunciating, and remote-control
devices that provide signaling by means of low-power radio frequency (RF) in accordance with the Code of
Federal Regulations (CFR) 47, Part 15, with the transmitters operating on a random basis or using two-
way interrogate/response signaling.

59.4.2.3 When a primary battery is used as the sole power source of a low-power, radio-frequency
transmitter, all of the conditions in 59.3.6 shall be met.
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59.4.2.4 The transmitter/repeater/receiver combination shall be arranged so that the occurrence of an
alarm condition at any transmitter will be communicated and annunciated at the receiver/control unit within
90 seconds.

59.4.2.5 An alarm signal from an RF initiating device shall latch at the receiver unit until manually reset
and shall identify the particular RF initiating device in alarm.

59.4.2.6 To provide higher priority to alarm signals than to other signals, signals shall be periodically
repeated at intervals not exceeding 60 seconds until the initiating device is returned to its normal condition.

The duty cycle of this transmitter shall be not more than 15 percent measured over the 1-minute interval.

59427 A roceiver unit shall rnpnr{' and irinnfi'Fy an inr\pnraﬁ\/n transmitter in the e\]lef W|th|n 200
seconds.
Exception: When Federal Communications Commission (FCC) regulations limit supervision fransmissions

to not more

increased to
disabling of t
any initiating

59.4.2.8 Ad
following me

a) Tra
decib

b) Ei
frequ

c) InG

the equivalent of 3 decibels; or

d) By

59.4.2.9 Re
exposing a
receiver/cont
device. The
with an autor

han once per hour for a maximum of 1 second, the time period is_not'prohibitg
4 hours maximum for a transmitter serving a single initiating device or for a re
he repeater or its transmission does not prevent the receipt of.sighals at the co
device transmitter.

ditional assurance of successful alarm transmission capability shall be provided
hods:

nsmitting the normal supervisory status transmission at a reduced power leve
bls;

~

[«

her increasing the minimum signal_«strength or reducing the maximum

reasing the minimum signal to noise ratio used in the product specific field test

another means determined to be equivalent.

moval of an initiating device transmitter from its installed location or remoyv
ransmitter primary battery shall cause immediate transmission of a tamper
rol unit thatwwill, in turn, result in a tamper trouble signal individually identifyin
hudible tamper signal of the receiver is not prohibited from being silenceable W
hatic feature to resound the signal at intervals not exceeding 4 hours.
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peater, when
ntrol unit from

by one of the

| of at least 3

mbient radio

ency noise levels used in the product{specific field test procedure by at least 3 dgcibels;

procedure by

al of a cover
signal to the
g the affected
hen provided

59.4.2.10 R

eception of any unwanted (interfering) transmission by a retransmission device

(repeater), or

by the receiver/control unit that exceeds the maximum specified ambient noise level (see 75.2.1) for a
continuous period of 20 seconds or more shall result in an audible trouble signal indication at the
receiver/control unit. This indication shall identify the specific trouble condition (interfering signal) as well
as the device(s) affected (repeater and/or receiver unit).

59.4.3 Active multiplex

59.4.3.1 The occurrence of a fault condition (see 59.4.3.2), either singly or in combination, on the
communication path that prevents the transmission of any status change signal to a supervising station
unit shall meet the requirements in (a) and (b) below.

a) Such occurrences shall be automatically indicated and recorded at the supervising station. The
display and record shall identify the affected portions of the system, including trunk, leg, or both.
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b) Such occurrences shall not inhibit or delay receipt of change of status signals over any other
paths except those which are intended to be dependent on the affected path.

59.4.3.2 A fault condition is defined as one of the following:

a) Single open,

b) Single ground,

c) Wire-to-wire short, and

d) Multi-frequency noise on the leg facility comprised of either a single frequency or multiple

ch would be

frequ
isolatg

59.4.3.3 Re
recorded ang
initiating devi
affected local

59.4.3.4 WH
operating tim
recorded at th

59.4.3.5 WH
recorded as 1|

59.4.3.6 De
conditions of

59.4.4 Digifal-alarm communication (DAC) systems
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General
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d from the leg or secondary trunks by rejection through an isolating bridge.

storation of normal service to the affected portions of the system shall be
displayed at the supervising station. The first status change of rany initiati
ce directly connected to a signaling circuit, or any combination that occurred
monitoring units during the service interruption shall also be displayed and reco

e from the occurrence of a fault condition in any trunk©r leg facility until it is d
e attendant-monitored equipment shall not exceed-200 seconds.

en any number of subsequent change of status signals occur, at any rate, f{
bquired in 59.2.8.

fived channel signals shall not be affected by either the on-hook or off-hg
he shared telephone equipment.

he DAC equipment and its intended method of installation shall comply wi
unications Gommission rules and regulations.

Il signalsexchanged in a digital-alarm communication system shall be by digit
ninedsto be equivalent. Signal repetition, digital parity check, or some other me
termined to be equivalent shall be used.

hutomatically
ng circuit, or
at any of the
ded.

ile the system is operating under the maximum specified loading, the maximum end-to-end

isplayed and

hey shall be

pk operating

h applicable

bl code or by
ans of signal

59.4.4.2 Digital-alarm communicator transmitter (DACT)

59.4.4.2.1

A digital-alarm communicator transmitter (DACT) shall have provision for seizing the

telephone line (going off-hook), disconnecting an outgoing or incoming telephone call, and preventing use
of the telephone line for outgoing telephone calls until the signal transmission to a DACR has been

completed.

59.4.4.2.2 A DACT shall have provision for satisfactorily obtaining an available dial tone, dialing the
number of the digital-alarm communicator receiver, obtaining verification that the receiver is ready to
receive signals, transmit the signal, and receive acknowledgment that the receiver has accepted that
signal. In no event shall the time from going off-hook to on-hook exceed 90 seconds per attempt.
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59.4.4.2.3 Concurrent status changes occurring at a DACT shall be transmitted to the digital-alarm
communicator receiver (DACR) in a priority manner. The priority levels of signals shall be as follows:

a) Signals associated with life safety;
b) Signals associated with property safety;
c) Trouble signals associated with life and or property safety; and

d) All other signals.

59.4.4.24 A DACT shall have means to reset and retry when the first attempt to complete a signal
transmission g S al transmission
sequence hds been completed to a minimum of f|ve and a maximum of ten attempts A fa||u e to complete
the sequenceg in conjunction with one status change condition shall not prevent subsequent attempts to
transmit any pther status changes.

594425
should the si

59.4.4.2.6
visual indicat

59.4.4.2.7
of selecting t

59.4.4.2.8
network. The

a)Ad

The DACT shall have provision for calling a second digital communicator rec

The primary transmission path shall be a-telephone line connected to the pu

jnal transmission sequence to the first called number be unsuecessful. See 59.4

Vhen the maximum number of attempts to complete the séguence is reached, a
on of the failure shall be energized at the DACT location.

A\ DACT shall have provision for two separate transmission paths. The DACT sh
e operable transmission path in the event of fajlure of the other.

secondary transmission path shall be>one of the following:

ne-way, private, radio-frequency; alarm-signaling system utilized in accordance

eiver number
4.2.4.

n audible and

bll be capable

blic switched

with 59.4.6.1

—59.4.6.10;

b) Puplic cellular telephone service;
c) A digital-alarm radio system (DARS) utilized in accordance with 59.4.4.4.1; or

d) A telephone line,

59.4.4.2.9 The firsttransmission attempt shall utilize the primary transmission path exce
primary trangmission path is known to have failed.

pt where the

M1

hibited when
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redundant signals are suppressed at the supervising station.

59.4.4.2.11 Failure of either of the transmission paths shall result in a local audible and visual trouble
signal, as indicated in 60.2.6, and the transmission of a trouble signal to the associated, digital-alarm
communicator receiver over the operable path. The transmission shall be initiated within 4 minutes of
occurrence of the fault. When public cellular telephone service is used as the secondary transmission
path, loss of cellular service shall be considered a transmission path failure.

59.4.4.2.12 A DACT shall automatically initiate and complete a test signal transmission sequence to its
associated receiver at least once every 24 hours. Both transmission paths shall be tested at intervals not
exceeding 24 hours. The test signal sent when the local monitoring unit and/or DACT is in the normal
supervisory condition shall be distinctively different from the test signal sent when the local monitoring unit
and/or DACT is in an abnormal or unrestored condition.
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Exception No. 1: For public cellular-telephone service, the test signal shall be initiated a minimum of once
a month.

Exception No. 2: Where two telephone lines are used, each telephone line shall be tested at alternating
24 hour intervals.

59.4.4.2.13 A successful signal transmission sequence of any other type within the same 24-hour period
is determined to comply with the intent of 59.4.4.2.12 only when the associated receiver is capable of
automatically annunciating 24-hour delinquencies.

59.4.4.2.14 The primary power-failure trouble-signal for the DACT, and interconnected equipment, shall
not be transmitted—until-the. efanrﬂ'\y power r\apor\ify s at laast 25 pnrnonf anlnfnd, but-not-more than 50

percent.

er that is call
a test signal

59.4.4.2.15
forwarded to
transmission

\When a DACT has provisions for being programmed to call a telephaneinumb
the line of the DACR, the DACT shall have provision to initiate and.complete
bt least once every 4 hours.

59.4.4.2.16
annunciated

\When a DACT is connected to a telephone line that is supervised so that fault conditions are
vithin 200 seconds at the supervising station, a second telephone line is not required.

59.4.4.3 Digital-alarm communicator receiver (DACR)

59.4.4.3.1 Hailure to receive a test signal at least once every 24 hours from each associatied DACT as
specified in §9.4.4.2.12, or once every 4 hours as spegified in 59.4.4.2.15, shall be treated|as a trouble
signal and shall result in the automatic display and recording of such at the supervising station.

Exception: A[DACR intended only for use at a“supervising station where there is a sufficie
responding pgrsonnel need not automatically.annunciate, display, and record 24 hour delinqu
when marking on the product or in a_uSer's manual clearly indicate the need to manua
signaling performance of each DACT and-failure to receive a signal from a DACT over a 24-H
to be handled as a trouble signal.

59.4.4.3.2
DACT are onl

st signals indicating a normal supervisory condition at the local monitoring
y required to be-recorded rather than both recorded and displayed.

59.4.4.3.3 The DACRshall have provision for connection to at least two separate incomi
lines.
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lly track the
our period is

) unit and/or
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visual and audible trouble annunciation at the supervising station within 200 seconds of the fa
59.4.4.4 Digital-alarm radio systems (DARS)

59.4.4.4.1
system, the DARS shall meet the one-way private-radio frequency requirements in 59.4.6.1

ilure.

Where private signal transmission facilities are utilized as the secondary channel of a DAC

—59.4.6.10,

with the following exceptions:

a) Status-change signals occurring at a digital-alarm radio transmitter (DART) is only r
transmitted to the DARR over one radio-frequency path and

b) Subsequent status-change signals shall be displayed and recorded as described in

equired to be

59.2.4.
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59.4.4.5 Digital-alarm radio transmitter (DART)

59.4.4.5.1 Failure of the public switched network telephone line shall result in an audible and visual
trouble locally and the transmission of a trouble signal to the associated supervising station by means of
the DART. The transmission shall be initiated within 4 minutes of occurrence of the fault.

59.4.4.5.2 In the event that any DACT signal transmission is unsuccessful, the change of status shall be
transmitted by means of the DART. The DACT shall continue its normal transmission sequence as
required by 59.4.4.2.4.

59.4.453 The DART transmission sequences shall be repeated a minimum of 5 times. The
transmission—is—not prnhihifnd from hning terminated in lass than 5 segquences wh the DACT

successfully completes its transmission to the DACR.

59.4.454 A DART shall automatically initiate and complete a test signal transmission sgquence to its
associated DARR at least once every 24 hours.

59.4.4.5.5 A successful signal transmission sequence of any other type.within the same 24-hour period
is determine$ to comply with the intent of 59.4.4.5.4 when the associated‘supervising station equipment is
capable of aytomatically annunciating 24-hour delinquencies.

59.4.4.6 Dipital-alarm radio receiver (DARR)

59.4.4.6.1 Failure to receive a test signal at least once every 24 hours from each associgted DART as
specified in $9.4.4.5.4 shall be treated as a trouble sigtial and shall result in the automatit display and
recording of $uch at the supervising station.

Exception: A|DARR intended only for use at a stipervising station where there is responding personnel is
not required |to automatically annunciate, display, and record 24-hour delinquency signals when marking
on the produft, or in a user's manual cleatly-indicate the need to manually track the signaling performance
of each DART and failure to receive a‘signal from a DART over a 24-hour period shall be |handled as a
trouble signay.

59.4.4.6.2 Test signals indicating a normal supervisory condition at the local monitoring unit is only
required to be recorded rather'than both recorded and displayed.

59.4.5 Two-way private-radio-frequency multiplex

59.4.5.1 THe oceurrence of an adverse condition on a transmission path that interferes wjth the proper
transmission-or—receipt-of-status—change—ofsignals—atthe—stpervising—station—shal-be-automatically
displayed and recorded at the supervising station. The display and record shall identify the affected
portions of the system. It also shall not inhibit or delay receipt of change of status signals over any other
paths, except those which are intended to be dependent on the affected path.

59.4.5.2 While the system is operating under the maximum specified channel loading, the time from the
occurrence of a condition that prevents the transmission of any change of status signal until it is displayed
and recorded at the supervising station shall not exceed 200 seconds.

59.4.5.3 The malfunction of any transmitting and receiving equipment, including transmitting and
receiving antennas and interconnecting cables, in the entire transmission path shall be displayed and
recorded within 90 seconds at the supervising station.


https://ulnorm.com/api/?name=UL 2017 2024.pdf

94 UL 2017 JANUARY 17, 2024

59.4.5.4 The transmission path(s) shall be supervised so that when the signal strength received at any
receiver is below the minimum specified signal strength, the condition and affected portion of the system
shall be displayed and recorded at the supervising station.

59.4.5.5 Restoration of normal service to the affected portions of the system shall be automatically
recorded and indicated at the supervising station. The first status change of any initiating zone that
occurred at any of the affected local monitoring units during the service interruption shall also be recorded
and displayed.

59.4.5.6 While the system is operating under the maximum specified loading, the time from beginning
alarm transmissions until the alarm is displayed and recorded at the supervising station shall not exceed
90 seconds.

59.4.6 Onejway private-radio-frequency
59.4.6.1 Sta
receiver over
following:

to the radio
e one of the

tus-change signals occurring at a local monitoring unit shall be_transmitted
at least two independent one-way radio-frequency paths. The-paths shall b

a) Through at least two independently-powered, independently-Operating, and separately-located
radio flepeaters, each of which shall relay the signal to the radio supervising station regeiver; or

b) Thr
receiv

pugh at least one radio repeater which shall relay‘the signal to the radio super;
br, and also independently directed to the radio supervising station receiver.

vising station

59.4.6.2 On
independent
each 24-hour
displayed an
transmitter ar

Exception: A
there is resp
delinquency

manually trad
radio transmii

e-way private-radio-frequency systems.§hall be monitored to verify that
radio-frequency paths, as required in 59.4.6.1, are utilized for each radio trans
period. The occurrence of a failure.lorreceive a signal by either path shall be
i recorded at the attendant-monitored equipment. The information shall iden
d the radio repeater/receiver(s)which did not receive the signal.

pne-way private radio-fréquency system intended only for use at a supervising
bnding personnel is not required to automatically annunciate, display, and re
signals when marKking on the product or in a user's manual clearly indicate
k the signaling,performance of each radio transmitter and failure to receive a

ter over a 24<hour period is to be handled as a trouble signal.

ceipt of(@ signal of any type within the specified time period meets the intent of 5]

at least two
mitter during
hutomatically
lify the radio

btation where
cord 24-hour
the need to
signal from a

D.4.6.2.

t.signals that are not required to be displayed shall be recorded at the supervisir|\g station.

59.4.6.3 Re
59.46.4 Teq
59.4.6.5
ambient

The occurrence of continuous radio-frequency noise in excess of the specified maximum
noise level (see 76.2.1) on the radio-frequency path between a transmitter, repeater, or

subsidiary/supervising station receiver for a period of 20 seconds shall be automatically displayed and
recorded at the supervising station. The display and recording shall identify the affected portions of the
one-way radio frequency signaling system.

59.4.6.6 The radio-frequency paths shall be supervised so that when the signal strength received at the
radio repeater stations or supervising station receiver is below the minimum specified signal strength, the
condition and affected portion of the system shall be displayed and recorded at the supervising station.

59.4.6.7 A one-way radio alarm system shall transmit change of status conditions to comply with the
end-to-end time parameters specified in 76.8.4. A minimum of three transmission sequences shall occur in
the first 30 seconds. The parameters shall be evaluated while the system is operating under the maximum
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specified channel loading and with 25 radio transmitters actively in alarm reporting to the same repeater(s)
and receiver(s) on the same transmission path(s).

59.4.6.8 The time-period over which a single change of status signal is transmitted shall not exceed 7.5
minutes (450 seconds).

59.4.6.9 The malfunction of any transmitting and receiving equipment, including transmitting and
receiving antennas and interconnecting connecting cables, in the entire transmission path shall be
displayed and recorded within 200 seconds at the supervising station.

59.4.6.10 Radio alarm transm|tters shall be arranged to check aII antennas and related connecting
cable, and jnte A I ed in separate
enclosures sp that W|th|n 200 seconds of the occurrence of a fault cond|t|on e|ther an audlbl trouble shall
be annunciated locally or, when possible, a trouble signal shall be transmitted so that@nhunciation at the
supervising gtation occurs within an additional 200 seconds.

59.5 Emergency audio announcement and paging system
59.5.1 General

59.5.1.1 Amplifiers and related equipment utilized as part of an-emergency system shall also meet the
requirementg of the Standard for Amplifiers for Fire Protective Signaling Systems, UL 1711. Speakers
employed with the equipment shall also meet the requirements in the Standard for Speakers for Fire
Protective Signaling Systems, UL 1480.

59.5.1.2 A pystem which is intended to be used for,both emergency and non-emergency purposes shall
comply with fall the requirements of 59.4.1.1 — 594.1.14 and 59.5.1.1 — 59.5.1.10, while the system is
being used f¢r non-emergency purposes.

59.5.1.3 Microphone cables shall be ejther monitored for integrity such that the occurrenge of a single
open faults r¢sults in a trouble signal,erListed for the purpose.

59.5.1.4 Arny switch utilized for.the control of the emergency system which is intended to pe accessible
by the general public shall be. either a key-lock type, with the key removable only in the logked position;
located inside of a locked, enclosure; access limited by a software security code providing i minimum of
1000 combinations; or afranged to provide protection against unauthorized use.

59.5.1.5 Systems—producing audible emergency signals, pre-programmed voice messpges or live-
operator an ouncements or paglng shaII be monltored such that failure of any component in the audio
chain (such las=2 . . ) while in the
normal supervisory or aIarm cond|t|on resultlng in the Ioss of emergency S|gnaI|ng capablllty shall cause
an audible trouble signal. This requirement does not apply to amplifiers and tone generators that are
enclosed as integral parts and provide signals to a single speaker.

59.5.1.6 When provision is made for the manual override of the automatic evacuation message/signal for
the purpose of live operator-initiated voice announcements or paging, automatic speaker selection circuits
shall be disabled for the zones selected during manual operation.

59.56.1.7 For systems providing live-voice communication, manual paging shall automatically be given
precedence over all other signals and pre-recorded messages.

59.5.1.8 Where provided, manual controls for speaker circuit selection shall be arranged to provide a
constantly displayed visible indication of the on/off status for their associated zones.
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59.5.1.9 A message device used to reproduce pre-recorded information upon manual or automatic
command is not prohibited from being used when malfunction of the pre-recorded message device (or
displacement of the prerecorded message medium) while the unit is in the normal standby or alarm
condition results in an audible trouble signal.

59.5.1.10 When the message device described in 59.5.1.9 is made up of multiple components (such as
memory integrated circuits, microprocessors, digital to analog convertors, and similar components) failure
of any portion of the device shall result in the annunciation detailed in 59.5.1.9.

59.6 Two-way telephone and intercom systems

so meet the

59.6.1 Amp
requirements
used with the
Signaling Sys

59.6.2 A sy
comply with
being used fo

59.6.3 Telef
faults results

ifiars and related eauinment utilized as nart of an emeraency svstem shall o
b | Lad J J J
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equipment shall also meet the requirements in the Standard for Speakers for'F
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1. Speakers
re Protective

5tem which is intended to be used for both emergency and non=emergency pdirposes shall

bll the requirements in 59.4.1.1 — 59.4.1.14 and 59.5.1.1 — §9.571.10, while t
I non-emergency purposes.

he system is

hone cables shall be either monitored for integrity such’that the occurrence of @ single open

n a trouble signal, or Listed for the purpose.

59.6.4 Posifive feedback to the user of any remotely located telephone or intercom equipinent that the

equipment is
(telephone rin

59.6.5 The
party-line) or
specified by t

59.6.6 An 4

functioning shall be given at the initiation of-any call in attempt. The feedback sh
ging), visual (lamp), or another method determined to be equivalent.

pquipment, when operating in either a common-talking mode (for example, ¢
A selective-talking mode, shall be)capable of communication with the number o
ne manufacturer to be on-linesimultaneously.

udible and visible signal;-distinctive from any other alarm or trouble signal, sh

call-in signal @t the supervising station.

59.6.7 Whe
furnished for

59.6.8 A sw
acceptable w

e selective talk-is provided at the supervising station, a distinctive visual indig
bach selectable circuit such that all circuits with call-in conditions are continuous

itch forsilencing the audible call-in sounding appliance of the supervising st3
hen:

all be audible

pnference or
f instruments

all indicate a

ator shall be

y indicated.

tion shall be

a) The call-in condition is continuously indicated and maintained by a lamp or other visual indicator,
and subsequent call-in signals in other communication circuits re-energizes the call-in signal
indicating appliance or

b) A switch that is left in the "silence" position, when there is no call-in signal, shall operate a visual
signal silence indicator and cause the audible trouble signal to sound until the switch is restored to
normal.

59.6.9 Communication circuits shall be supervised so that a single wire-to-wire, open-circuit, or ground-
fault results in an audible trouble indication.
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60 Type SM (Self-Monitored) Emergency-Signaling Devices
60.1 General

60.1.1 Products intended to be used as Type SM emergency-signaling equipment shall comply with the
requirements in Type AM (Attendant-Monitored) Emergency-Signaling Products, Section 59.

Exception No. 1: Supervision is not required for an initiating circuit extending not more than 3 feet (0.9m)
from a product when a test feature or procedure is incorporated to periodically test the integrity of the

circuit.

Exception Ng-

59.2.10.

60.1.2 A product which uses a battery as the main source of supply shall be capable of
alarm signal for at least 4 minutes.

60.1.3 A dgcrease in the battery capacity of a product, which uses a battery,as the main po
a level wher¢ at least a 4-minute alarm signal is not obtainable, shall ¢esult in an audible {
The trouble gignal is to be produced at least once each minute for minimum of seven consecy

60.1.4 Tod

been depleté
Following th¢

fresh battery
rating of the

10 milliampere (1 percent load) or less drain>continuously until the battery voltage

predeterming

60.1.5 Whe

audible troubble when the battery voltage reaches the trouble signal level indicated in 60

product does

60.1.6 To g
equipped wit
samples are
transfer to ar

etermine compliance with 60.1.2, three samples shall’be equipped with batterie
d to the trouble signal level. The samples aré.then to be placed in alarm f
4 minutes of alarm, the trouble signal shall’persist for at least seven consed
shall be depleted by applying a 1 percent.er8maller loading factor based on the
battery. For example, a 1000 milliampere-hour rated battery would be depleted

d test level.

n a battery-operated produgctilocks-in on alarm, it shall automatically transfer

not lock-in on alarm an adtomatic transfer from alarm to trouble is not required.

etermine compliance with 60.1.5, two samples of a product that lock-in on 3
h batteries which-have been depleted and stabilized at just above the trouble sig
then to be placed in alarm and the battery voltage monitored. The samples shall
audible-trouble signal when the battery trouble voltage is reached. The audible

shall persist
point where
until the trou

h
Il)le signal is re-instituted

for a.minimum of seven consecutive days. In cases where the battery voltage
etrouble signal is no longer emitted, the unit shall be placed into the alarm cq

omts of 59.2.1 —

producing an

wer supply, to
rouble signal.
tive days.

s which have
br 4 minutes.
utive days. A
ampere hour
by applying a
reaches the

from alarm to
L1.3. When a

larm shall be
nal level. The
automatically
trouble signal
recovers to a
bndition again

60.1.7 An on/off switch is not prohibited from being used to enable or disable a self-contained, battery-
operated unit. In the on position, the normal operation of the unit shall not be adversely affected. In the off
position, normal operation of the system shall be inhibited when an energized lamp or other distinctive
visual indicator, visible from a distance of 10 feet (3.5 m) at angles of +45 degrees perpendicular to the
unit, identifies the condition of the product.

60.1.8 Removal of a battery from a battery-operated (or AC with battery back-up) product shall result in a
readily apparent and prominent visual indication. The visual indication shall consist of:

a) A warning flag that is exposed with the battery removed and the cover closed;

b) A hinged cover that is incapable of being closed with the battery removed; or
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c) An arrangement determined to be equivalent (such as an audible trouble signal from an AC
product having battery back-up).

60.1.9 When a warning flag or similar device is used in order to comply with the requirement in 60.1.8, it
shall be marked as required in 83.1.1(k).

60.2 Display information

60.2.1
change.

60.2.2 Visuat

or status cha
a) The

b) The

any off-normal condition.

c) Th

operafions. There shall be no more than one keystroke required-to select the type of

and th
be req

d) The

e) Wh

priority:

60.2.3 Alam
distinction bs

Ta

following

ayed simultaneously, all the

ges are not displ conditions apply:
display shall indicate the initial status change for the highest priority type signal

type and total number of each type of non-displayed status changgs shall be

a)

C

non-displayed status changes shall be capable of being displayed only

e manual operation shall be different for each type signal. No more than one kg
uired to advance the display by one event.

controls for the display shall not interfere with*thé normal operation of the unit.

en concurrent signals are received, they 'shall be indicated as follows in descen

1) Signals associated with life safety;
2) Signals associated with property safety;
3) Trouble signals associated with life and/or property safety; and

4) All other signals,

N signals, troeuble signals, and other signals shall be distinctly annunciated. The
tween signals associated with emergency and other non-emergency types

common aud

distinction is Tchieved visually.

ble is_notprohibited from being used for alarm annunciation for all types of sign4

Units/systems serving two or more zones shall visually identify the zone of origin of the status

Where all zones

isible during

by manual
tatus change
ystroke shall

ding order of

re shall be a
bf signals. A
Is as long as

60.2.4 A means for silencing alarm notification appliances is not prohibited when it complies with the
following requirements:

a) Silencing of the notification appliance devices of a unit/system shall be indicated by a constantly
displayed and identified visual indicator;

b) An alarm signal silencing means left in the off-normal condition when there is no alarm shall
activate an audible trouble signal until the means is restored to normal,

c) When any silencing means of a multiple-circuit unit is activated, there shall be an indication of
the related silenced circuit(s) by an identified lamp or other visual annunciator, and operation of the
alarm notification appliances by any other circuit having its alarm silence means in the normal
position shall not be prevented;
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d) The activation of the alarm signal silencing means during an alarm condition shall not result in
resetting of a circuit intended for connection to fan motors controlling air-conditioning and
ventilating equipment;

e) The alarm condition is indicated and maintained by a lamp or other visual indicator with the

silenc

ing means activated;

f) When signal silence is to be accomplished in a selective or zone manner, or a global signal
silencing is utilized with selective non-silenceable zones/devices, the visual indicator(s), referenced
in (a) shall distinguish notification appliance circuits which have been silenced from notification
appliance circuits which are still energized; and

g) Sil

ncing-an-alarm-sighal-conditiontesulting-from-an-alarm-in-one-initiating-device or |n|t|at|ng
J J J J ~

devic
alarm

Excef
buildi
perm
wiring

60.2.5 A trq
intermittent s
of one-half

annunciation

Exception: V
battery oper
consecutive

60.2.6 A sw

a)A
devic

b) Th
no trg

c) Th
soon

b circuit shall cause all silenced alarm notification circuits to re-energize due, to
in any other initiating device circuit or other alarm causing signaling line cireuit d

btion: When a unit is intended to provide signaling service to two or more physic
Ngs or zones, re-energization of the notification appliance circuifs\only on a

tted. Specifics covering installation constraints shall be clearly detailed in the u
diagram.

ignal is used, it shall sound at least once every ten,seconds with a minimum on
second. When a common audible, distinct from. alarm, is to be employe
for both emergency and non-emergency signals; distinction shall be achieved v

Yhen an audible trouble signal is required to indicate a fault condition in a
ated product, it shall be produced atleast once every minute for a minim
Hays. The trouble signal shall be distifictive from the alarm signal.

itch for silencing a trouble sounding device is not prohibited when:

isible trouble indicator femains activated or is simultaneously activated when
b is switched off;

b audible trouble signal shall sound when the switch is maintained in its "silence|
uble exists; or

b visible-indicator shall be located and identified so that the user recognizes
Bs it is'activated.

60.2.7 Can

A subsequent
evices.

blly separated
vone basis is
hit installation

uble signal shall be indicated by the operation of a distinctive sounding appliance. When an

time duration
d for trouble
sually.

belf-contained
um of seven

the sounding

" position and

the signal as

cellation of the off-normal signal and/or activation is acceptable annunci

tion for the

restoration of a signal.

60.2.8 An audible trouble signal that has been silenced shall automatically resound and remain
energized until silenced, at least once every 24 hours until the trouble condition is corrected and the unit is
restored to the normal supervisory condition.

60.2.9 Trouble signal sounding circuits provided with a time limit cutout feature to obtain intermittent
operation of the trouble signal appliance shall provide for the continuous energization of the trouble signal
sounding appliance for a period of not less than 10 minutes followed by a period of silence not to exceed 5
minutes. Operation of a trouble signal silencing switch to off-normal shall remove the time limit cutout from

the circuit.
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61 Type UM (User-Monitored) Emergency-Signaling Devices

61.1 Products intended to be used as Type UM emergency-signaling equipment shall comply with the
requirements in General System Functions, Section 58, and this section.

61.2 Products intended to be used as Type UM emergency-signaling equipment shall incorporate a test
feature or procedure to test the operability of the product. Operation of a test switch shall result in the
same indications and/or action as operation of an initiating device.

61.3 When a product uses a standby power source, the product shall incorporate a test feature or
procedure to test the operab|I|ty of the product when powered soIer from the standby power source. For
replaceable 0 to determine
owered from
ions indicate

62.1

62.1.1 The |operating parts of a product shall be able to withstand 110 percent of its fated voltage
continuously without risk of fire or shock during the normal supervisory condition, and the product shall
operate successfully during the normal signaling condition at.the increased voltage. It shall|also operate

successfully transfer level
determined in

62.1.2 For

increased vo
reached, and
external circu

62.1.3 For

reduced volta
then tested f
reduced by &
conditions of
rated nomina

62.1.4 The

and without the risk of fire or shock at 85 percent of its rated voltage or at the

58.2.2, whichever is lower.

pperation at the higher voltage specified in 62.1.1, the product is to be sub
tage during the normal supervisory condition until constant temperature o
then tested for the signaling conditions. For this test, zero line impedance shall
t.

pperation at the lower. voltage specified in 62.1.1, the product is to be sub]
ge during the supervisory condition until constant temperature of its parts is
br the normal signaling condition. In making the reduced voltage test, the vol
means whichumaintains a stable potential of the required value under the
maximum leading. The reduced voltage value is to be computed on the basis @
voltage-when a storage battery is intended to be used with the product.

reduced voltage test is to be made with the maximum impedance connected t

ected to the
its parts is
be used in an

ected to the
reached and
age is to be
most severe
f the marked

D all external

circuit(s) as in

dieated in the installation wiring diagram

62.1.5

In those cases where different components or units of a combination system obtain power from

separate sources, each source is to be independently varied while the system is tested for its intended

operation.

62.1.6 A low-voltage circuit of a product shall comply with the limits specified in 3.8(b).

62.1.7 A product intended for emergency-signaling use and intended to be used with a standby battery
shall have the capacity to maintain the battery charge under all conditions of intended operation, including
the capacity to operate the product with the battery disconnected or fully discharged. In any operating
mode, the battery charger shall be capable of maintaining the battery in the charged condition when the
product input is at a maximum of 85 percent of rated voltage or at some lower level of transfer voltage as
determined according to 58.2.2.
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62.1.8 A charged battery is defined as a battery having capacity to maintain the product in the normal
supervisory condition for the specific period of standby service.

62.2 Power output circuits providing regulated power

62.2.1 With the AC input voltage adjusted to 110 percent of rated voltage, the output voltage of each
circuit shall not exceed 110 percent of rated value when no load, or a minimum load specified by the
manufacturer, is connected to each output circuit. The input voltage then is to be reduced to the test value
determined by Table 34.1, and rated load connected to each output circuit. When the AC input voltage is
reduced to 1 V above the battery transfer voltage and the standby battery disconnected, the output voltage
measured at the terminals of the particular circuit shall not be less than 85 percent of rated circuit voltage.

62.2.2 For products using a standby battery, the same regulation (110 — 85 of rating) shalb4

output circui

percent undgr no load and full load conditions respectively.

62.2.3 Ratgd load, as applied to the requirements in 62.2.1, is that value of resistive load w

current to fl
determined b

62.3 Powe

62.3.1 Whe
manufacture

with the rating of the product intended to be connected’to the circuit, the output voltage]

required to c
62.4 Batte

62.4.1 Ani

as the source¢ of power of a product intended for Type AM or SM emergency-signaling use s

operation of
and resistan
resistance ¢
signaling eqy

62.4.2 The
62.1 and the

when the AC power is disconnected and the battery voltage is varied betwegd

w when the load is connected to the output and input voltage is adjusted
y Table 34.1.

r output circuits supplying specific application devices

e provided at
n 110 and 85

hich the rated
to the value

n a product output circuit is intended to be connected to specific equipment feferenced by

rand model number in the installation instructions, and the output voltage range

bmply with the requirements in 62.2.1 and'62.2.2.

[y trouble voltage determination

ncrease in the internal resistance, or a decrease in terminal voltage, of a primary

an alarm signal before a-trouble signal is obtained. Additionally, any combinat
ce at which a trouble signal is obtained shall be greater than the battery
pbmbination measured over the period specified by the manufacturer for th
ipment in the reom ambient condition of the Battery Tests, Section 68.

trouble leVel of a battery operated product shall be determined using the test ci
voltagesrésistance curves in Figure 62.2 for each of the following voltages:

fed_battery voltage;

is compatible
range is not

battery used
nall not impair
on of voltage
voltage and
E emergency

rcuit in Figure

a)Ra

b) Trouble level voltage (assuming minimal or no series resistance); and

c) Voltages between rated and trouble level voltage.
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Figure 62.1
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Figure 62.2

Trouble level determination
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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 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.
Audibility measurement is to be made at points between D and F.

Curve B — Sample plot of battery internal resistance vs. battery open circuit voltage derived from long term 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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62.4.3 To determine compliance with 62.4.1, 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 62.1. The
trouble level is to be determined by the following steps:

a) Rated Battery Voltage — The voltage of the power supply is to be set at the rated battery voltage
and the series resistor at 0 ohms. The resistor is to be increased until a trouble signal is obtained.
The product is to be tested for alarm operation at each resistance level and at the trouble signal
level;

b) Trouble Level Voltage — With the variable resistor set at 0 ohms, the voltage of the power supply
connected to the unit is to be reduced in increments of 1/10 volt per minute to the level where the
trouble signal is obtained. The product is to be tested for alarm operation at each voltage level and

4 lal H 11 1 pu |
at th UHUUVIT DIHI IAdricvelr, arid

c¢) Voltage Values Between Rated and Trouble Level Voltages — The voltage of the/pgwer supply is
to be|set at preselected voltages between the rated battery voltage and the trouble [level voltage.
The deries resistor is then to be increased until a trouble signal is obtained. The prpduct is to be
tested for alarm operation at each resistance and voltage level and at.the trouble [voltage level.
Enough voltage values shall be selected to determine the shape of the trouble level cyrve.

62.4.4 To determine that a battery is capable of supplying alarm and-reuble signal power {o the product
for the period specified for the product under the room ambient{econdition described in Battery Tests,
Section 68, Curve A of Figure 62.2 is to be plotted from the data-ebtained in the measurements described

in 62.4.3 and compared to Curve B of the above referenced figure, which is plotted from datg generated in
the Battery Tests. The intersection of Curves A and B shall not occur before the period spgcified by the
manufacturef for the product. Additionally, all points of>Curve B to the right of the intefsection point
(extended tolthe baseline), shall be below Curve A.

63 Variabl¢ Ambient Temperature and Humidity Tests

63.1 The ploduct shall operate in the intended manner while energized from a rated soufce of voltage
and frequengy during exposure to thé.eonditions indicated in Table 63.1. The performance shall be
determined with the product in each of the conditions.

Table 63.1
Ambient test conditions
Product intended for either indoor or Minimum
Product intended for indoor use only, outdoor use, exposure time,

Ambient
condition °F (°C) °F (°C) hours

A 32 [9) minus 31 minus 35 3

B 120 49 150 66 3

C 86 +3 30 £2 86 +3 30 +2 24

85 +5 percent RH 95 +5 percent RH

64 Overload Test

64.1 A product shall not show a manifestation of a fire or risk of electrical shock and, additionally, shall be
capable of operating as intended after being subjected to 50 cycles of alarm signal operation at a rate of
not more than 15 cpm with the supply circuit at 115 percent of rated voltage, and at rated frequency, with
rated loads applied to the output circuits which receive energy from the product power supply. Each cycle
consists of starting with the product energized in the normal supervisory condition, actuating for alarm, and
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returning to the normal supervisory condition. There shall be no electrical or mechanical failure of any of
the components in the product.

64.2 Rated test loads are to be connected to those output circuits of the product which are energized
from the product power supply. The test loads shall be those devices normally intended for connection or
other loads that have been determined to be equivalent. When an equivalent load is used for a device
consisting of an inductive load, a power factor indicated in 64.5 is to be used. The rated loads are
established initially with the product connected to rated supply voltage and frequency, following which the

voltage is raised to 115 percent of rating.

64.3 For direct-current circuits, an inductive test load that has been determined to be equivalent is to

have the requi

power factor
voltage. Wh
inductance, t
the power fag

64.4 When
stalled.

64.5 For cin
power factor
conditions. W
application is

64.6 A prod
normally grou
circuit.

64.7 A prod
signal operati
and frequenc
product. Ther

64.8 The te
source of ratg

64.9 A prod
be subjected
rated load cu

dicated in 64.5 when connected to a 60-hertz potential equal to the rated, direg
n the inductive load has both the required direct-current resistance~and
e current measured with the load connected to an alternating current circuit shg
tor indicated in 64.5, times the rated DC current.

he device controlling a motor circuit has a horsepower rating, it is to be tested w

cuits intended for use with a bell, buzzer, or other atdible- or visual-signalin
is to be 0.60. The power factor of a motor load)is' to be 0.40 to simulate

specified, the power factor is to be 0.35.

uct for use with a grounded supply circuit is to be tested with the enclosure
nded parts connected through a 15-ampere fuse to the grounded conductor

Lict shall be capable of operating'in the intended manner after being subjected tq
on at a rate of not more than-15 cpm with the product connected to a source of
y and 150 percent rated loads applied to output circuits which do not receive en
e shall not be electrical or mechanical failure of any of the components of the prg

5t loads shall bejset at 150 percent of rated current while connected to a se
d voltage andfrequency at a power factor indicated in 64.5.

Lict using-a power-supply battery charger or a battery charger with a transfer me
to.the greater of the two following currents: either a current of 150 percent of t

) to obtain a
t-current test
the required
Il be equal to

ith the motor

j device, the
locked-rotor

hen a circuit is specified for use in pilot-duty. applications, or when no particular load

and all other
pf the supply

50 cycles of
rated voltage
brgy from the
duct.

barate power
chanism is to

he maximum
nt entering a

rrent, or one that is determined to be equivalent to the maximum inrush curre

discharged battery connected to the charging circuitry (a discharged battery is defined in 69.2.1 — 69.2.4).

65 Endurance Test

65.1

65.1.1

General

A product shall not show a manifestation of a fire or risk of electrical shock and, additionally, shall

be capable of operating in the intended manner after being subjected to repetitive signal operation at a
rate of not more than 15 cpm with the product supply circuit at rated voltage and frequency and with rated
devices or loads that have been determined to be equivalent, connected to the output circuits. There shall
be no electrical or mechanical failure or evidence of approaching failure of the product components.

65.1.2 A product shall perform as intended when operated for the number of cycles and at the rate
indicated in Table 65.1. When an electrical load is involved, the contacts of the device are to make and
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