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Preface

This is the common ULSE and ULC Standard for Speakers for Fire Alarm and Signaling Systems,
Including Accessories. It is the fifth edition of CAN/ULC 541 and Seventh edition of UL 1480.

This Joint Standard was prepared by UL Standards & Engagement Inc. (ULSE), ULC Standards, and the
NEMA Technical Harmonization Committee on Notification Appliances. The standard was formally
approved by the ULSE Technical Committee on Signal Appliances and the ULC Technical Committee on
Fire Alarm and Life Safety Equipment and Systems. The efforts and support of the NEMA Technical
Harmonization Committee, ULSE Technical Committee, and ULC Technical Committee are gratefully
acknowledged.
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INTRODUCTION

1 Scope

1.1 These requirements apply to speakers, rated at 300 V or less, for fire alarm and signaling systems

intended for i

ndoor and/or outdoor installation:

a) In Canada only: in accordance with CSA C22.1, Canadian Electrical Code, Part |, Safety
Standard for Electrical Installations, and with ULC-S524, Standard for Installation of Fire Alarm

Syste

ms.

b) In the United States only: in accordance with the National Electrical Code, NFPA 70, and the

Natio

1.2 These
locations.

1.3 This Standard also covers protective covers and other accessories used with speakers.

1.4 Speake

Standard and the applicable requirements:

a) In
Instal

b) In {

1.5 Eachp
separate insf

1.6 A supp
application s
Standard for
526 and UL

1.7 Speake
the requirem

a)ln

hal Fire Alarm and Signaling Code, NFPA 72.

requirements apply to speakers for use in ordinary (non-hazardous-or 1

rs for use in hazardous or corrosive locations shall comply with the require

Canada only: CSA C22.1, Canadian Electrical Cede, Part |, Safety Standard
ations, with respect to the hazard or category classification.

he United States only: the National ElectricalCode, NFPA 70.

oduct or device referred to as a speaker in this Standard is a speaker assemb
allation as a component of a fire alarm system.

ementary visual signal, incorporated as part of a speaker which is intended
hall comply with the requirements of this Standard and the applicable requirg
Visible Signaling Devices for Fire Alarm and Signaling Systems, Including Acce
638.

rs intended for'use with fire alarm systems and having integral amplifiers sha
bnts in thissstandard in addition to the applicable requirements in:

Canada.only: ULC 527, Standard for Control Units for Fire Alarm Systems.

b) In

on-corrosive)

ments of this

for Electrical

ly suitable for

for fire alarm
tments of the
bssories, ULC

I comply with

tems.

he WUnited States only: UL 864, Control Units and Accessories for Fire Alarm Sys

1.8 Speakers intended for installations requiring a low frequency (520 Hz) notification to awaken
sleeping persons shall also be evaluated to:

a) In Canada only: ULC 527, Control Units for Fire Alarm Systems.

b) In the United States only: UL 864, Standard for Control Units and Accessories for Fire Alarm

Syste

ms.

1.9 Speakers intended for use in air-handling spaces (plenums) shall comply with the requirements in

this standard

and the requirements in:

a) In Canada only: ULC-S142, Standard Method of Fire Test for Heat and Visible Smoke Release
for Discrete Products.
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b) In the United States only: UL 2043, Standard for Fire Test for Heat and Visible Smoke Release
for Discrete Products and Their Accessories Installed in Air-Handling Spaces.

1.10 These

requirements do not cover the following:

a) Speakers intended for personal or private consumer use;

b) Speakers which are intended for commercial or professional audio applications; and

c) Speakers intended for security applications.

2 Components

2.1 Except Ls indicated in 2.2, a component of a product covered by this Standard shalljco

requirements

used in the products covered by this Standard.

2.2 Acomp

a) Inv
cover

b)lss

2.3 A comp

intended condlitions of use.

3 Units of Nleasurement

3.1 Values
approximate

4 Referencgd Publications

4.1 Any und
interpreted as

4.2 The folld

ASA S12.51/

for that component. See Annex A for a list of Standards covering compone

bnent need not comply with a specific requirement that:

Ives a feature or characteristic not needed in the applicatian of the component i
d by this Standard; or

Liperseded by a requirement in this Standard.

onent shall be used in accordance with rating(s) established by its manufag

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

ated reference to.a’code or standard appearing in the requirements of this Stan
referring to thefatest edition of that code or standard.

wing publications are referenced in this Standard:

S0)3741, Determination of sound power levels and sound energy levels of n

mply with the
hts generally

n the product

turer for the

planatory or

dard shall be

oise sources

using sound

TeSSUTe — PreciSion methods for reverberation test TOoms

ASTM B86, Specifications for Zinc and Zinc-Aluminum (ZA) Alloy Foundry and Die Castings

ASTM B117, Standard Practice for Operating Salt Spray (Fog) Apparatus

ASTM E28, Standard Test Methods for Softening Point of Resins Derived from Pine Chemicals and
Hydrocarbons, by Ring-and-Ball Apparatus

CTA-CEB 19,

Recommended Loudspeaker Safety Practices

CSA 6.19, Residential carbon monoxide alarming devices

CSA C22.1, Canadian Electrical Code, Part I, Safety Standard for Electrical Installations
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CSA C22.2 No. 0.4, Bonding of Electrical Equipment

CSA C22.2 No. 0.15, Adhesive Labels

CSA C22.2 No. 0.17, Evaluation of Properties of Polymeric Materials
CSA C22.2 No. 77, Motors with Inherent Overheating Protection
CSA C22.2 No. 198.1, Extruded Insulating Tubing

CSA C22.2 No. 60065, Audio, Video, and Similar Electronic Apparatus — Safety Requirements

CSA C22.2 No. 60086-4, Primary Batteries- Part 4: Safety of Lithium Batteries
IEC 61672-1| Electroacoustics — Sound Level Meters — Part 1: Specifications
ISO 8201, Alarm Systems — Audible emergency evacuation signal

NBC, Nationgl Building Code of Canada

NFPA 70, Ngtional Electrical Code

NFPA 72, Ngtional Fire Alarm and Signaling Code

UL 94, Test fpor Flammability of Plastic Materials for Parts in Devices and Appliances
UL 224, Extrlided Insulating Tubing

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations

UL 796, Printed Wiring Boards

UL 864, Control Units and Aecessories for Fire Alarm Systems

UL 969, Marking and Labeling Systems

UL 1004-1, Rotating Electrical Machines — General Requirements

UL 1004-2, Impedance Protected Motors
UL 1004-3, Thermally Protected Motors
UL 1642, Lithium Batteries

UL 2043, Fire Test for Heat and Visible Smoke Release for Discrete Products and Their Accessories
Installed in Air-Handling Spaces

UL 2054, Household and Commercial Batteries
UL 60065, Audio, Video, and Similar Electronic Apparatus — Safety requirements

UL 60086-4, Primary Batteries — Part 4: Safety of Lithium Batteries
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UL 60384-14, Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains

ULC-S142, Fire Test for Heat and Visible Smoke Release for Discrete Products
ULC-S524, Installation of Fire Alarm Systems
ULC 525, Audible Signal Devices for Fire Alarm and Signaling Systems, Including Accessories

ULC 526, Visible Signaling Devices for Fire Alarm and Signaling Systems, Including Accessories

ULC 527, Cofrtrotr Omits Tor Fire AlarnT Systerms
5 Glossary
For the purpose of this Standard, the following definitions apply:

5.1 CONSTANT TEMPERATURE - Temperature is considered to be constant when threg successive
readings indi¢ate no change when taken at intervals of 10 % of the previously elapsed duratign of the test,
but not less than at 5 min intervals.

5.2 CREST|FACTOR - The ratio of the peak or maximum valuécto the root-mean-square (rnps) value.

5.3 DECIBHL (dB) — One-tenth of a bel, the number of decibels denoting the ratio of the twp amounts of
power being fen times the logarithm to the base 10 of this ratio.

NOTE: The abbrgviation dB is commonly used for the term degibel, and is determined as follows:
A
n= IOIOgIO?dB
2

where:
P; and P, = The twe values of power, expressed in the same unit (e.g. sound pressure|level)

n = Value in dee¢ibels

5.4 DUTY QYCLE — The ratio of the sum of all pulse durations to the total period, during a specified
period of operation

5.5 DWELLING UNIT — A suite operated as a housekeeping unit, used or intended to be used as a
domicile by one or more persons and usually containing cooking, eating, living, sleeping and sanitary
facilities.

NOTE: Definition of this term is consistent with that used in the National Building Code of Canada.

5.6 EMERGENCY WARNING - A system used to provide information and instructions to people in a
building, area, site, or other space using intelligible voice communications methods. An Emergency
Warning System is used to notify occupants that an emergency exists.

5.7 FIRMWARE - A control program that is embedded in the notification appliance.
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5.8 FREE FIELD — An environment in which a sound wave may propagate in all directions without
obstructions or reflections within the frequency range of interest.

5.9 MANUFACTURER'S PUBLISHED INSTRUCTIONS Published installation and operating
documentation provided for each product or component. The documentation includes directions and
necessary information for the intended installation, maintenance, and operation of the product or
component.

(Reproduced with permission of NFPA from NFPA 72°, National Fire Alarm and Signaling Code, 2022 edition. Copyright© 2021,
National Fire Protection Association. For a full copy of NFPA 72%, please go to www.nfpa.org.)

(NFPA 72% and National Fire Alarm and Signaling Code® are registered trademarks of the National Fire Protection Association,

Quincy, MA. All

510 PINK
per octave o

5.11 PRIMA
rechargeablq

5.12 PRIVA

the implementation and direction of emergency action initiation and\procedure in the area prg

fire-alarm an

5.13 PUBL
protected by

5.14 REFE
reference pd
structures, th
source or op

5.15 REFE
signaling de
passing thro
geometrical

5.16 RESQ
causes a deq

[IghtsTeserveds)

NOISE — Broadband noise whose energy content is inversely proportionahio frg
-10 dB per decade.

ARY BATTERY — A battery which can only be discharged once. It is not dg
and must be protected from a charging current.

TE MODE — Mode of operation intended to notify only,those persons directly ¢
i signaling system.

C MODE - Mode of operation intended to“notify occupants or inhabitantg
the fire-alarm and signaling system.

RENCE AXIS — The "reference axis” of a signaling device is a line passing
int coincident with the geometrical~axis of the sound propagation pattern. Fo
e reference axis is usually perpendicular to a plane passing through the edge]
bning of a horn.

RENCE POINT — The "reference point" of a signaling device is a point on the
ice in line with the_.geometrical center of the sound source projected perpendict
ugh the edge ,of.the sound source. For horn type speaker, the "reference
enter of the epening of the horn.

5.17 SECOC

quency -3 dB

signed to be

bncerned with
tected by the

in the area

) through the
r symmetrical
of the sound

butside of the
lar to a plane
point" is the

NANCE 5 Condition of peak vibratory response where a small change in excitation frequency
reasg;in system response.

accordance with the manufacturer's recommendations.

fmany times in

5.18 SOFTWARE - A program that is used to program a notification appliance’s function and or its

performance

through the device’s firmware.

5.19 SOUND - Energy that is transmitted by pressure waves in air or other materials and is the objective
cause of the sensation of hearing. Commonly called noise if it is unwanted.

5.20 SOUND LEVEL METER - An electronic instrument for measuring the RMS level of sound in
accordance with an accepted national or international standard.
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5.21 SOUND PRESSURE - A fluctuating pressure superimposed on the static pressure by the presence
of sound. The unqualified term means the root-mean-square sound pressure. In air, the static pressure is
barometric pressure.

5.22 SOUND PRESSURE LEVEL (SPL) — Ten times the common logarithm of the ratio of the square of
the sound pressure under consideration to the square of the standard reference pressure of 20 pPa. The
quantity obtained is expressed in decibels.

5.23 SPECIAL TOOL — A device not normally carried by the public (e.g. a key), normally provided by the
manufacturer, to deter unauthorized access to the equipment.

NOTE: This is in
from a "responsi

fined location or

o the equipment. while being availa

cnaed 0 dele 1 d d
le person” familiar with and having knowledge of the equipment.

ala d

5.24 TROUBLE SIGNAL — A visual, audible, or transmitted signal indicating a fault Conditio
with a notificgtion appliance.

n associated

6 Control Unit Interface

6.1 A speak
supervision,

er incorporating circuitry for functional interfacing with a-control unit for purpd
point addressing, multiplexing, synchronization, wir€less communication etg

ses such as
., shall also

comply with tihe applicable functional requirements of standards siich as:
a) In Ganada only:

1) ULC 525; and

2) ULC-S545.

b) In the United States only:

1) UL 864; and

2) UL 985.

7 Audible Signal Pattern

7.1 Formatf{for fire alarm signals

unit shall be
nex B, either

7.1.1 SpeaKers used for fire alarm signals whose signal format is not controlled by a contro
capable of reproducing a 3 pulse signal temporal pattern conforming with Figure B2.1 in An
internally or when pulsed from an external Source.

7.2 Format for carbon monoxide signals

7.2.1 Speakers used for carbon monoxide alarms and whose signal format is not controlled by a control
unit, shall be capable of reproducing a 4 pulse signal temporal pattern either internally or when pulsed
from an external source. Refer to Figure B3.1 in Annex B.

CONSTRUCTION

8 General

8.1 The construction of a speaker shall comply with the construction requirements contained in this
section, unless, where permitted by test, the construction is determined to be equivalent to these
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requirements. A means of determining construction equivalence shall comply with the requirements in
CTA-CEB 19.

8.2 Unless otherwise indicated, the construction requirements specified for a product shall also apply to
any accessories with which it is to be used.

9 Enclosures

9.1

9.11

with attenda
conditions w
Refer to Sec

9.1.2 Electfical parts or hazardous moving parts of a speaker shall be located or enclos

protection frg

9.1.3 A spe
with respect

9.14 Anof

against mechanical damage and fouling by dust or other material which impairs its intended @

9.1.5 The¢d
fittings, such
device.

9.1.6 An enclosure shall have provision for the connection of metal-clad cable, conduit, ¢

sheathed ca
standard co
installation. A

9.1.7 A sp
enclosure th
requirements

9.1.8 A spe

General

t reduction of spacmgs Ioosenlng or dlsplacement of parts and developn
ich could impair operation of the speaker and increase the risk of fire ©r 'élg
ion 38, Mechanical Strength Tests for Enclosures.

m unintentional contact with uninsulated live parts.

aker intended to be installed on an outlet box or similar mounting enclosure, is
o compliance of the combination with the requirements©f 9.1.1 and 9.1.2.

erating part, such as a gear mechanism, light-duty relay, or similar device, shal

nclosure of a speaker shall be provided with means for mounting in the intended
as brackets, hangers, or similar hardware required for mounting shall be furni

ble. Space shall be provided within a terminal or wiring compartment to permi
nduit bushing on conduit” connected to the compartment when a bushing is
n enclosure without.such provision is permitted when:

paker intended “for either flush or surface mounting in a back box shall us
at has been* evaluated for the intended use or an enclosure that comp
of this standard.

akerneed not be furnished with a back box where means for attachmenttoa s

The frame and enclosure of a speaker shaII be sufflc:lently strong and r|g|d to resist the abuses to

oartial collapse
hent of other
ctrical shock.

ed to provide
to be judged
be protected
peration.

manner. Any

shed with the

r nonmetallic
the use of a
required for

e a standard
lies with the

andard outlet

A andtha conacimacrmamabanith- S antion A0 Qoo ate

box are prov

na-th gt O tH 4L
cuUudadrnuuic DPGI\JII IHD \JUIIIHI‘Y VVILII UU\JI.IUII 1Y, UHGUII IHO

9.1.9 The mounting means of a speaker to an enclosure shall be accessible without disassembly of any
components not identified in the installation instructions of the speaker. The mounting means shall be
independent of those means used for securing components or parts of the assembly. Removal of a
complete assembly is not considered to be disassembly of a component.

9.1.10 An enclosure shall be constructed to minimize the possibility of emission of flame, molten metal,
flaming or glowing particles, or flaming drops. See Section 28, Abnormal Operation and Burnout Test.

9.1.11 A speaker of less than 23 kg (50.7 Ib) mass may be arranged for mounting to an outlet box
provided that, if the speaker mass is more than 11 kg (24-1/4 Ib), it is plainly marked as specified in
Section 46, Markings, General.
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9.1.12 A speaker of more than 23 kg (50.7 Ib) mass shall incorporate space or a compartment for field
wiring and shall be provided with means for physical mounting and support by other than an outlet box.

9.2 Cast metal enclosures

9.21 Theth

ickness of cast metal for an enclosure shall be as indicated in Table 9.1.

Exception: Cast metal of lesser thickness may be employed if, consideration being given to the shape,
size, and function of the enclosure, it provides equivalent mechanical strength. See Section 38,
Mechanical Strength Tests for Enclosures.

Table 9.1
Cast Metal Enclosures
Minimum'thickness
. . . Die-cast metal, Cast meta| of other than
Use, or dimensions of area involved the diefcast type

mm (in) mm (in)
Area of 155 cmf (24 in?) or less and having no dimension greater than 1.6 (1/16?) 3.2 (1/8)
152 mm (6 in)
Area greater thain 155 cm? (24 in?) or having any dimension greater than 24 (3/32) 3.2 (1/8)
152 mm (6 in)
At a threaded cpnduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreadg¢d conduit hole 3.2 (1/8) 3.2 (1/8)
2 The area limitgition for metal 1.6 mm (1/16 in) in thickness may be obtained by the provision of reinforcing ribs subdividing a
larger area.

9.2.2 If threqads for the connection of conduit-are tapped all the way through a hole in an erclosure wall,

there shall be
a standard ca

9.2.3 If thre
enclosure wa
rounded inlet
conduit bushi

9.24 Aspe
able to supp

not less than 3.5 or more than5 threads in the metal, and the construction shal
nduit bushing can be propetly attached.

ads for the conneetion of conduit are tapped only part of the way through
I, there shall be\not less than 3.5 full threads in the metal and there shall §
hole which shall-afford protection to the conductors equivalent to that provided k

ng.

bker assembly designed to be supported by rigid conduit shall be of sufficient s

be such that

a hole in an
e a smooth,
y a standard

trength to be
Mechanical

Strength Test

bri“5wtimes the weight of th

less than 5 full threads.

hall have not

9.2.5 Die-cast metal for other than flush boxes is permitted when it complies with one of the alloy
specifications given in ASTM B86.

9.3 Sheet metal enclosures

9.3.1

indicated in Table 9.2.

The thickness of sheet metal employed for the enclosure of an speaker shall be not less than that

Exception: Sheet metal of lesser thickness may be employed if, consideration being given to the shape,
size, and function of the enclosure, it provides equivalent mechanical strength. See Section 38,
Mechanical Strength Tests for Enclosures.
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Table 9.2
Minimum Thickness of Sheet Metal

Minimum thickness of sheet metal
Maximum dimensions of enclosure
Steel Copper, brass or
G Length or width, Area, Zinc-coated, Uncoated, aluminum,
roup
mm (in) cm? (in?) mm (in) mm (in) mm (in)

A 76.2 (3) 392 (6) 0.64° (0.025) 0.53° (0.021) 0.58° (0.023)

B 203 (8) 232 (36) 0.76°¢ (0.030) 0.69°¢ (0.027) 0.91¢ (0.036)

C 305 (12) 581 (90) 0.86¢ (0.034) 0.81¢ (0.032) 1.14¢ (0.045)

2 Volume of en

b Sheet steel fq
zinc coated an

¢ Sheet coppe
(0.029 in) in th

9 For a cover i
of sheet steel 1
coated], and th
0.74 mm (0.02

closure not more than 197 cm® (12 ind).

r an enclosure intended for outdoor use (rain-tight) is required to be not less than 0.91 mm (0.036)in
H not less than 0.81 mm (0.032 in) in thickness if uncoated.

brass, or aluminum for an enclosure intended for outdoor use (rain-tight) is required to be‘notiess t
ckness.

Group B or C having a supporting frame or equivalent reinforcing and not intended for-eutdoor use,
hay be less than that specified in the table but shall be not less than 0.53 mm (0.024,in) [00.64 mm (
e thickness of copper, brass, or aluminum may be less than that specified in the table but shall be nqg
D in).

in thickness if

han 0.74 mm

the thickness
.025in) if zinc
t less than

9.3.2 Apla
thickness no

a) 0.3
mm (

b) 0.6
mm (

9.3.3 Ahol
that required
shall be secl

9.3.4 A kndg
without undu

9.3.5 AKknd
a conduit bu
during install
those indicat

e or plug closure for an unused conduit opening or.other hole in the enclosurg
less than:

6 mm (0.014 in) for steel or 0.43 mm (0.017 in)for nonferrous metal for a hole
/4 in) maximum dimension; and

9 mm (0.027 in) for steel or 0.81 mm-(0.032 in) for nonferrous metal for a hol
-3/8 in) maximum dimension.

b larger than 35 mm (1-3/8 in) diameter shall have a closure whose thickness is
for the enclosure of the speaker or shall have a standard knockout seal. Such p
rely mounted.

ckout in a sheet'metal enclosure shall be secured but shall be capable of b
e deformation af the enclosure. See Section 38, Mechanical Strength Tests for B

ckout shall‘be provided with a surrounding surface area of sufficient size to pern
shing,~and shall be so located that a bushing employed at any knockout like
ation will not result in spacings between uninsulated live parts and the bushin
bd.under Section 15, Spacings

shall have a

having a 6.4

b having a 35

not less than
lates or plugs

bing removed
nclosures.

mit seating of
y to be used
j of less than

9.3.6 A sheet metal member to which a wiring system is to be connected in the field shall have a
thickness not less than 0.81 mm (0.032 in) for uncoated steel, of not less than 0.86 mm (0.040 in) for
galvanized steel, and not less than 1.14 mm (0.045 in) for nonferrous metal.

9.3.7 At any point where conduit or metal-clad cable is to be attached, sheet metal shall be of such
thickness or shall be so formed or reinforced that it has a stiffness at least equivalent to that of an
uncoated flat steel sheet having a minimum thickness of 1.35 mm (0.053 in).

9.3.8 An enclosure intended for recessed mounting shall have no nonfunctional openings on any of the
enclosed sides.
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9.4 Nonmetallic enclosures

9.4.1 An enclosure or parts of an enclosure of nonmetallic material shall have the mechanical strength
and durability and be so formed that operating parts will be protected against damage. The mechanical
strength of the enclosure shall be at least equivalent to a sheet metal enclosure of the minimum thickness
specified in Table 9.2. Refer to Section 38, Mechanical Strength Tests for Enclosures.

9.4.2 The continuity of any grounding system to which an appliance is capable of being connected shall
not rely on the dimensional integrity of the nonmetallic material.

9.4.3 Among the factors taken into consideration when judging the acceptability of a nonmetallic
enclosure are-the. 'Fnlln\nling-

a) Thg mechanical strength;

b) Registance to impact;

c) Moisture-absorptive properties;

d) Flammability and resistance to ignition from electrical sources;

e) Dielectric strength, insulation resistance, and resistance tolarc tracking; and

f) Res|stance to distortion and creeping at temperatures te.which the material may be gubjected.

NOTE: All these factors are considered with respect to aging in accordanee with Section 37, Tests on Polymeric (Pladgtic) Materials.
9.5 Outdoofr use enclosures

9.5.1 The enclosure of a speaker intended foroutdoor use shall incorporate the following:

a) Megns for mounting designed to,prevent water spray from entering the enclosure.| See Section
34, Water Spray; and

b) Holes for conduit that«shall be threaded unless they are located below the lowedt termination
point ¢r other live part within the enclosure. If knockouts or unthreaded holes are prpvided, there
shall He provision for drainage of the enclosure.

9.5.2 A surface mount enclosure intended for outdoor use shall be provided with external means for
mounting.

H . At
Exception: Interral-means—fortrounting—may—be—employe nstructed—so—as—te—prevedt water from

entering the enclosure.

9.5.3 For outdoor use, an enclosure of sheet steel less than 3.04 mm (0.12 in) in thickness, 3.18 mm
(0.125 in) or less if zinc coated, shall be galvanized by the hot-dip process after forming and assembly, or
shall be made from hot-dipped sheets, or shall be provided with a coating which is at least the equivalent,
with respect to corrosion protection, of zinc applied by the hot-dip process.

9.6 Openings

9.6.1 Openings in the top of the enclosure shall be so constructed and shall be of such size that the entry
of foreign objects is prevented.
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9.6.2 To ensure compliance with 9.6.1, openings directly over uninsulated live parts or operating parts
shall not exceed 5 mm (0.20 in) in any dimension unless the configuration of the opening prevents entry of
foreign objects. See Figure 9.1 for examples of acceptable top cover designs.

Figure 9.1

Cross-Sections of Top Cover Designs

—

SLANTED OPENINGS

1T [
L

EC500 VERTICAL OPENINGS

9.6.3 Openjngs in the sides ofthe enclosure shall be so constructed and shall be of such gize that entry
of foreign ohjjects, or contact)by service personnel, is prevented. Louvers are acceptablg if shaped to
deflect extermal falling objects outward. See Figure 9.2 for examples of acceptable louver degigns.
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Figure 9.2
Cross-Sections of Louver Designs
INSIDE OUTSIDE
INSIDE OUTSIDE
OUTWARD PROJECTION INWARD PROJECTION
su1626
9.6.4 Openings in the bottom of enclosures\under materials that do not have a flammability| rating of V-1
or better, may be permitted if constructed so that dropping through of material from the enclosure would be
prevented.
The flammabillity rating shall be determined by the Flammability Classification Test:
a) In Ganada only: CSA'C22.2 No. 0.17.
b) In the United.States only: UL 746C.
Figure 9.3 illystrates a type of baffle that meets this requirement. A second acceptable construction is a

nominal 1 mni(02039 in) thick sheet steel bottom panel in which 2 mm (0.078 in) diameter rou

Ind holes are

spaced no closer than 1.5 times the hole diameter, center to center. Other constructions are acceptable if
the speaker complies with Section 28, Abnormal Operation and Burnout Test.
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Figure 9.3

Cross-Sections of Baffle Design

—|  =— 2X BUT NEVER LESS THAN 25 mm (1 in)

BAFFLE PLATES (may be below
bottom of enclosure)

BOTTOM OF ENCLOSURE M

sul111b

9.6.5 The hottom of an enclosure under materials that have a flammability rating of V-1 ¢r better, may
have openings providing they are not largerin area than 40 mm? (0.062 in?).

9.6.6 An erclosure intended for,récessed or semi-recessed mounting and having a front pgnel intended
to be flush with the surface of the:wall shall have no openings that vent into concealed spaces of a building
structure, su¢h as into hollow-spaces in the wall, when the product is mounted as intended.

9.6.7 The nequirement.in 9.6.6 does not apply to an opening for a mounting screw or| nail or for a
manufacturirjg operation (such as paint drainage) if:

a) Ng nen-mounting purpose opening has dimension greater than 7 mm (0.275 in) or an area
greaterthan-36-mm2{0-056-ir2);

b) There is no more than one unused mounting screw hole for each 300 mm (11.8 in) of length of
mounting surface, or fraction thereof; and

¢) An opening for mounting does not have a dimension of greater than 19 mm (3/4 in or an area
greater than 430 mm? (0.667 in?) or there are no more holes than needed for mounting of the
product.

9.6.8 Enclosure openings which are exposed after installation shall not permit entrance of a 19 mm (3/4
in) diameter rod and shall be of such size and so arranged that a probe, as illustrated in Figure 9.4 cannot
be made to contact any uninsulated live electrical part, when inserted through the opening in a straight or
articulated position.
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Figure 9.4
Accessibility Probe
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9.6.9 In addition to the requirement of 9.6.8, enclosure openings which are exposed after installation
shall be sized and so arranged that a straight rod of circular cross-section 6.4 mm (0.25 in) diameter with a
hemispherical end cannot be made to contact any uninsulated live part and cannot damage any part of the
speaker by a push force of 4.5 N (1 Ib-f) so as to impair operation, reduce electrical spacings or otherwise
reduce the reliability of the speaker.

9.6.10 Acoustical openings for a vandal-resistant speaker (see also Markings, Section 46) shall not
provide direct access to any sound-producing element: for example, a cone or diaphragm by a rigid rod

0.8 mm (0.03 in) in diameter.

9.6.11
(including pe

orated holes, louvers, and openings protected by means of wire screening, ex

Openings in an enclosure, that are required for the proper acoustic performance of an appliance

anded metal,

or perforated
that no open

covers) and provide access to the sound-producing element, shall be of such
ng will permit passage of a rod having a diameter of 6.7 mm (17/64 in).

size or shape

9.6.12 WitH reference to 9.6.12, the wires of a screen shall be not less than 16-AWG (1.3 mm?). Except
as noted in 9.6.13, perforated sheet steel and sheet steel employed for expanded-metal megh shall be not
less than 1.0ff mm (0.042 in) in average thickness, 1.17 mm (0.046 in) if zinc coated.
9.6.13 Expanded-metal mesh, 0.53 mm (0.021 in) thick or 0.61 mm0.024 in) thick if zing-coated, may
be used wheh all of the following conditions are met:
a) The mesh openings are not more than 1.6 cm? (1/4 in®.in area;
b) The maximum dimension of the overall opening se protected is not greater than 76.2 mm (3 in);
and

¢) Ind

requied values specified in Section 15, 'Spacings, between uninsulated live parts

entation of the guard or enclosure dogs*not impair performance or reduce spaci

ngs below the
, or between

uninsplated movable parts.
9.7 Gaskefs
9.7.1 A gagket used to seal an.0pening between two parts that are intended to be separated in the field

for installatig
secured with
means shall

9.7.2 Agas

n or maintenance shall comply with the Air-Oven Aging Test, 37.2. The ga
adhesive or a mechanical means to one of the mating surfaces. The gasket anc
hot be damaged when the joint is opened following the exposure in 37.2.

ket used as an environmental seal shall be of a material that is suitable for its

complying W
exclusively a

sket shall be
| the securing

bpplication by
gasket used

ithsthe Air-Oven Aging test,

9.8 Covers

9.8.1

An enclosure cover shall be secured against opening or removal by means requiring the use of a

common or special tool. A decorative cover or trim that, if removed, does not expose live electrical or
mechanical parts is exempt from this requirement.

9.8.2 Glass covering an observation opening shall:

a) Be

b) Be

tempered or similarly treated material to minimize potential injuries;

secured in place so that it cannot be displaced in service; and

c¢) Provide mechanical protection for the enclosed parts.
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9.8.3 The thickness of a glass cover shall not be less than that indicated in Table 9.3.

Table 9.3
Thickness of Glass Covers
Maximum size of opening,
Minimum thickness,
Length or width, Area,
mm (in) cm? (in?) mm (in)
102 4) 103 (16) 1.6 (1/16)
305 (12) 929 (144) 3.2 (1/8)
Over 305 (Over 12) Over 929 (Over 144) See footnotel a

2 The minimum

thickness shall be 3.2 mm (1/8 in) or more, depending upon the size, shape, and mounting of the gig

ss panel.

9.84 A glas
dimension gr
(0.19 in) dee
equivalent.

9.8.5 Atran
unless the m
varying temp

Iterial does not introduce a risk of fire, distort, or become less transparent when

s panel for an opening having an area of more than 929 cm? (144 in?), o
bater than 305 mm (1 ft), shall be supported by a continuous groove not less
b along all four edges of the panel, or by an arrangement that has been dete

sparent material other than glass shall not be used for/the cover of an observa

ratures under either normal or abnormal service:conditions.

10 Corrosi

101
impractical,

means. Refento Section 33, Corrosion Tests

Exception Ng. 1: This requirement doesnot apply to parts such as washers, screws, bolts, a

failure of suc
performance

Exception Ng
against corro

10.2 There
other parts uf

Ferroup metal, iron and steel parts other than bearings and similar parts where such

n Protection

all be protected against corrosion, by enameling, galvanizing, plating, or oth

unprotected parts would-not be likely to result in a risk of fire or electrical shoch
Df the speaker.

. 2: Parts made_of stainless steel, polished or treated, do not require addition
Sion.

uirement of 10.1 applies to all enclosures of sheet steel or cast iron, and to al
onwhich intended mechanical operation may depend.

- having any
than 4.8 mm
rmined to be

tion opening

subjected to

protection is

br equivalent

nd the like, if
or affect the

al protection

springs and

10.3 Bearing surfaces shall be of such materials and design as to resist binding due to corrosion.

10.4 Metal shall not be used in combinations such as to cause galvanic action.

10.5 Cabinets and enclosures of corrosion-resistant material may be employed without special corrosion

protection.

11 Field Wiring Connection

1.1

11.1.1

General

connection of conductors of at least the size required by:

Wiring terminals or leads corresponding to the rating of the device shall be provided for
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a) In Canada only: CSA C22.1, Section 32, Fire alarm systems, smoke alarms, carbon monoxide

alarm

s, and fire pumps.

b) In the United States only: NFPA 70.

11.1.2 Wiring terminals shall be prevented from turning.

11.1.3 The terminals to which wiring connections are made shall consist of binding screws with terminal
plates having upturned lugs or the equivalent to hold the wires in position. Other terminal connections may
f found to be equivalent.

be provided i

11.1.4 Dua
provided for
connection

permit an u
separate co
dislodged fr
separate cof
each noftch, i
area oron th

11.2 Field

11.2.1 The
accommodat
insulation or
standard con

11.2.2 The
to an outlet &
forced again

11.2.3 And
such that the
field installed
kg (10 Ib) ma

11.24 A's
requirements

each incoming and each outgoing circuit connection. A common terminal ma
f both incoming and outgoing wires, provided that the construction of the-tern
insulated section of a single conductor to be looped around the terminal and
nections, thereby precluding supervision of the connection in the event that the
m under the terminal. A notched clamping plate under a single~securing

s acceptable, but this arrangement shall be supplemented by additional markin

wiring compartment

field wiring compartment in which connections are made shall be of suffi
ing all wiring connections specified by the installation wiring drawing without da
to internal components. There shall be space within the compartment to perm
duit bushing on conduit connected to the.compartment when a bushing is requir

device wiring and internal compenents in the wiring area of a speaker designed
ox shall be so located or protected so that, they and the field wiring in the outl¢
5t sharp edges to prevent damage.

utlet box or compartment in which field wiring connections are to be made sh
connections may-be’inspected after the speaker is installed as intended. The re
fasteners, or €quivalent arrangement and dismounting of an assembly, of not
ss to view thefield wiring connections, is deemed to comply with this requireme

beaker \without a field wiring compartment shall be constructed so that
are met:

e installation wiring diagram specifying the intended connections to the terminals.

ision, shall be

y be used for
inal does not
serve as two
vire becomes
screw, where

ductors of a notification appliance (signaling device) circuit are intended to e inserted in

 in the wiring

cient size for
mage to wire
t the use of a
Bd.

for mounting
bt box are not

all be located
moval of only

Iwore than 4.5

t.

the following

a) Fi

fowirnmg—and teads shattbe prevented frorm contacting moving parts of the S

peaker when

such contact would result in damage to the wire insulation or interfere with the operation of the
device;

b) Field wiring and leads shall be prevented from contacting parts of the speaker, which under any
condition of operation may achieve a temperature exceeding the temperature rating of the wire or
lead insulation. See Section 22, Temperature Rise; and

c) Field wiring and leads shall be prevented from contacting uninsulated live parts which under any
condition of operation may be at a potential exceeding the voltage rating of the wire or lead
insulation. Refer to Separation of Circuits, 12.2, and Section 15, Spacings.


https://ulnorm.com/api/?name=UL 1480 2023.pdf

26 CAN/ULC 541:2023 ¢+ ANSI/UL 1480 MAY 26, 2023

11.3 Field wiring terminals and leads
11.3.1 Types and sizes

11.3.1.1 Terminals for field connection of conductors larger than 10 AWG (5.3 mm?) shall consist of
nonferrous soldering lugs or nonferrous solderless (pressure) wire connectors.

11.3.1.2 Terminals for field connection of conductors 10 AWG (5.3 mm?) or smaller may consist of means
for clamping the conductor if such means are constructed so that:

a) They will firmly grip the conductors and securely hold them in place; and

b) Soljd conductors cannot come out from under the clamping means even though the latter is
loosened sufficiently to allow lateral movement of the conductors with respect to the means.

11.3.2 Size|of screws

11.3.2.1 If Binding head screws or machine screws and washers are used as clamping means for
conductors, the size of screw shall be not less than:

a) No |8 or M4 if for use with conductors 14 AWG (2.1 mm?) or larger;

b) No/|6 or M3.5 if for use with conductors 14 AWG (2.1<mm?) or smaller and 18 AWG (0.82 mm?)
or larger; or

c) No.|4 or M3 if for use with conductors 18 AWG (Q.82 mm?).
11.3.3 Material for terminal parts

11.3.3.1 Binding head screws, bolts, studsxuts and washers shall be of nonferrous metal ¢xcept that in
sizes 10 AWG (5.3 mm?), M5 or larger, ironbr steel may be used if:

a) Sugh parts are suitably protected with a plating of cadmium, zinc, or equivalent matgrial; and

b) Theg conductor or terminal to be secured is clamped against a surface of nonferroug metal which
will cafry the greater partof the current.

11.3.4 Ternjinal platés-and threading

11.3.4.1 Wirling terminal screws shall thread into metal.

11.3.4.2 The threading of binding head screws and machine screws, other than wiring terminal screws,
into material other than metal are not prohibited from being used when determined to be equivalent in
terms of mechanical secureness and conductivity.

11.3.4.3 Terminal plates through which binding head screws or machine screws are threaded shall have
a thickness at least equal to twice the pitch of the thread of the screw, but not less than 0.762 mm (0.03 in),
and shall have at least 2 complete clean-cut full threads.

11.3.4.4 Terminal plates for solderless connectors or solderless lugs shall:

a) Have a thickness of not less than 1.27 mm (0.050 in) for a No. 8, M4 or larger screw, and not
less than 0.76 mm (0.030 in) thick for a No. 6 or M3.5 screw;
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b) Have at least 2 complete full threads, if threaded; and may have the metal extruded at the
tapped hole for the binding screw so as to provide two full threads; and

c) Provide contact areas, such that the full contact area of the tongue of the largest lug which would
normally be used will be properly utilized.

11.3.4.5 Screws engaging threaded holes in plates shall have not less than two full threads engaging
under any condition of service.

11.3.4.6 If terminal screws do not pass entirely through threaded holes, they shall engage clean-cut full
threads for a distance not less than the major diameter of the screw.

11.3.5 Gropnding terminals and leads

eans of other
ing shall be

11.3.5.1 Fo
than a meta
provided:

r a speaker intended for connection to an AC Mains source of supply, only by m
-enclosed wiring system such as nonmetallic-sheathed cable, all @f-the follo

a) An bs that of the

suppl

equipment grounding terminal or lead, the size of which shall’be the same
 terminal or lead, but in no case less than 18 AWG (0.82 mm?);

b) A marking to indicate the system or systems for which itis,intended; and

c) Re

beco
durin

11.3.5.2 Th
conductor sh
other than th

11.353 A
plainly identi

from IEC pu
appliance. T

iable connection of the grounding means to alkexposed dead metal parts thg
e energized, and all dead metal parts within’the enclosure that are expos

Ilservicing and maintenance.

e surface of an insulated lead intended solely for the connection of an equipm

all be green, with or without one or.more yellow stripes. No other leads visible t

e grounding conductors, shall be(so identified.

field wiring terminal intepded for connection of an equipment grounding cond
ied, with the marking “G"*GR”, “GROUND”, “GROUNDING”, or by the graphic

blication 60417-1, @ or the equivalent, or by a marking on a wiring diagram pr|
ne field wiring terminal shall be located so that it is unlikely to be removed durin

t are likely to
ed to contact

bnt grounding
b the installer,

ictor shall be
symbol 5019

pvided on the
g servicing of

the appliancg.

11.3.6 Groynded supply terminals and leads
11.3.6.1 A fieldywiring terminal for the connection of the grounded supply conductor of a AC|Mains supply
circuit shall bedentified-by meansof awhite metatticptated—coatingand-statt-bedistinguistable from the
other terminals. Otherwise, identification of the terminal for the connection of the grounded conductor shall
be shown in some other manner, such as on an attached connection diagram.

11.3.6.2 A field wiring lead provided for connection of the grounded supply conductor of a AC Mains
supply circuit shall be finished white or gray and shall be distinguishable from other leads. No other leads
visible to the installer, other than grounded conductors, shall be so identified.

11.3.6.3 A terminal or lead identified for the connection of the grounded supply conductor shall not be
electrically connected either to a single-pole manual switching device that has an "off" position or to a
single-pole overcurrent (not thermal) protective device.
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11.3.6.4 Terminals which are intended for direct connection to either a grounded conductor or a neutral
conductor of a supply circuit shall be identified. They shall be substantially white in color if color coded, or
be marked "N" or "Neutral", or "W" or "White", either on or adjacent to the terminal.

11.3.7 Field wiring leads

11.3.7.1

Leads provided for field connections shall be:

a) Stranded copper bunch tinned in accordance with:

b) Nof
c) Not
d) The

e) Pro|

1) In Canada only: CSA C22.1, Rule 32-100;

[2) T the United States only. NFPA 70,
less than 150 mm (6 in) in length;

smaller than 18 AWG (0.82 mm?);

vided with strain relief. See Section 32, Strain Relief.

11.3.7.2 Leads which are intended for direct connection to eithéra grounded conductor

conductor of
white or natu
be so identifie

12 Internal

121

12.1.1  Wirin
be subjected,
of service. Th
clamps, string

12.1.2 Lead
length to perr
leads shall b
enclosure.

General

B supply circuit shall be identified at the point of supply connection. Identificati
al grey covering readily distinguishable from the finish on other leads and no ot
d.

Wiring

g shall have insulation rated_for the potential involved and the temperatures to
and shall have adequate mechanical strength and current-carrying capacity for
e wiring shall be routed away from moving parts and sharp projections and held
, ties, or the equiyalent, unless the wiring is capable of retaining a shaped form.

s or a cable ‘assembly connected to parts mounted on a hinged cover shall bg
hit the fulkkopening of the cover without applying stress to the leads or their conr
b secured) or arranged to prevent abrasion of insulation and jamming betweer

insulation, if of rubber or plastic, not less than 0.8 mm (0.032 in) in‘thickness; and

or a neutral
bn shall be a
ner lead shall

which it may
all conditions
in place with

b of sufficient
ections. The
parts of the

12.1.3

If the use of an insulated conductor is not feasible (for example a coil lead), elecirical insulating

tubing complying with CSA 22.2 No. 198.1, or UL 224, Extruded Insulating Tubing, may be employed. The
tubing shall not be subjected to sharp bends, tension, compression, or repeated flexing, and shall not
contact sharp edges, projections, or corners.

12.1.4

Insulation, such as coated fabric and extruded tubing, shall not be affected physically or

electrically by the temperature or other environmental conditions to which the insulation may be subjected

to during the i

ntended use of the speaker.

12.1.5 Wireways shall be smooth and entirely free from sharp edges, burrs, fins, moving parts, and the
like, which may cause abrasion of the conductor insulation.

12.1.6 All splices and connections shall be mechanically secure and bonded electrically.
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12.1.7 Stranded conductors clamped under wire-binding screws or similar parts shall have the individual
strands bunch-tinned or equivalently arranged.

12.1.8 A splice shall be provided with insulation equivalent to that of the wires involved.

12.1.9 A splice shall be located, enclosed, and supported so that it is not subject to damage from flexing,
motion, or vibration.

12.2 Separation of circuits

12.2.1 Internal wiring of circuits which operate at different potentials shall be separated by barriers,
clamps, routing;—spacing—(refer—to—Ttabte—12-H;or-other—eativatent-means;—untess—at—egnductors are
provided with insulation rated for the highest potential involved.
Table 12.1
Minimum Spacings
Minimum spacings
Point of ppplication Voltage range, Through air, Ovg¢r surface,
\' mm (in) mm (in)
To walls of endosure®:
Cast metal gnclosures 0-300 6.4 (1/4) 6.4 (1/4)
Sheet metallenclosures Power or non-power limited 0 — 50 6.4 (1/4) 6.4 (1/4)
Power limited 51-300 6.4 (1/4) 6.4 (1/4)
Non-power limited 54-450 12.7 (1/2) 12.7 (1/2)
Non-power limited-300 — 600 12.7 (1/2) 12.7 (1/2)
Installation wirjng terminals:
With barrier: 0- 30 3.2 (1/8) 4.8 (3/16)
31-150 3.2 (1/8) 6.4 (1/4)
151 —300 6.4 (114) 9.5 (3/18)
Without barrjiers 0-30 4.8 (3/16) 4.8 (3/16)
31-150 6.4 (1/4) 6.4 (1/4)
151 — 300 6.4 (1/4) 9.5 (3/18)
Rigidly clampeld assemblies:®
Class 2, PowerLimited 0-30 - - - -
Non Class Power Limited 0_30 12 (’ZIRA) 12 (3/64)
31-150 1.6 (1/16) 1.6 (1/16)
151 —-300 24 (3/32) 24 (3/32)
300 - 600 9.5 (3/8) 12.7 (112)
Other parts
0-30 1.6 (1/16) 3.2 (1/8)
31-150 3.2 (1/8) 6.4 (1/4)
151 -300 6.4 (1/4) 9.5 (3/8)
300 — 600 9.5 (3/8) 12.7 (112)

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

b Rigidly clamped assemblies include such parts as contact springs on relays or cam switches, printed wiring boards, and the like.
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12.2.2 A metal barrier used to provide separation between the wiring of different circuits shall have a
thickness at least equal to that required by Table 9.2 as determined by the size (width and length) of the
barrier. A barrier of insulation material shall be not less than 0.71 mm (0.028 in) in thickness and shall be
of greater thickness if its deformation may be readily accomplished so as to defeat its purpose. Any
clearance between the edge of a barrier and a compartment wall shall be not more than 1.6 mm (0.063 in).

13 Bonding for Grounding

13.1 An exposed dead metal part that could become energized shall be bonded to the point of
connection of the equipment grounding terminal or lead and to the metal surrounding the knockout, hole,
or bushing provided for field power-supply connections.

Exception NJ). 1: An adhesive-attached metal-foil marking, screw, handle, or similar‘material is not
required to b¢ bonded when located on the outside of an enclosure or cabinet and isolated ffom electrical
components ¢r wiring by grounded metal parts so that it is not likely to become energized.

Exception Ng. 2: An isolated metal part, such as a motor-controller magnet frame or armature or a small
assembly screw, is not required to be bonded when positively separated from wiring and unjnsulated live
parts.

Exception No 3: A panel or cover that does not enclose uninsulatediive parts is not required fo be bonded
when wiring i$ separated from the panel or cover so that it will notbecome energized.

Exception Ng. 4: A panel or cover is not required to be bonded when it is insulated from electrical
components and wiring by an insulating barrier of vulcanized fiber, varnished cloth, phenolic|composition,
or similar maferial not less than 0.8 mm (1/32 in) thick and secured in place.

13.2 Anuninsulated dead metal part of a cabinet; electrical enclosure, motor-frame or mounting bracket,
controller molinting bracket, capacitor or otheérelectrical components, shall be bonded for drounding if it
may be contacted by the user or by servicepersonnel servicing the equipment.

13.3 A bongling means shall be an~acceptable electrical conductor. If of ferrous metal, it shall be
protected against corrosion by painting, plating, or the equivalent. The conductor shall be ¢f acceptable
size. A separate bonding conddctor shall be installed so that it is protected from mechanical damage.

13.4 The bpnding shallibe by a positive means, such as by clamping, riveting, bolted or screwed
connection, brazing, erwelding. The bonding connection shall penetrate nonconductive coat|ngs, such as
paint. Bonding around’ a resilient mount shall not depend on the clamping action of rubher or similar
material.

13.5 A bolted or screwed connection that incorporates a star washer or serrations under the screwhead
is acceptable for penetrating nonconductive coatings where required for compliance with 13.1.

13.6  When the bonding means depends upon screw threads, the use of two or more screws or two full
threads of a single screw engaging metal complies with 13.1.

13.7 A metal-to-metal hinge-bearing member of a door or cover is acceptable as a means for bonding
the door or cover for grounding, provided that a multiple bearing-pin type (piano-type) hinge is employed.

13.8 The size of a copper or aluminum conductor employed to bond an electrical enclosure or motor
frame shall be based on the rating of the branch-circuit overcurrent device by which the appliance will be
protected. The size of the conductor shall be in accordance with Table 13.1.
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Table 13.1
Bonding Wire Conductor Size

Size of bonding conductor?
Rating of overcurrent device, amperes Copper wire, Aluminum wire,

AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 ® (1373) L (21.2)

@ Or equivalen

cross-sectional area.

13.9 Acon
that the mini
indicated in ]
13.10 Asp
13.11
14 Electric
141

Moun

14.1.1 Al
position and

14.1.2  Unin

juctor, such as a clamp or strap, may be used in place of a separate-wire condu
mum cross-sectional conducting area of the bonding means is notless than th
able 13.1.

ice shall not be employed in a wire conductor used for bonding.

The grounding means shall be used for no other purpose;

al Components

fing

gtationary parts of a speaker that support moving components shall be secure

prevented from loosening or turning.

prevented frgm turning or shifting in position, if such motion may result in a reduction of sp

the minimum
14.1.3 Frict

of apartasr
an interferen

14.1.4 An

values required. Refer to Section 15, Spacings.

ion between surfaces is not acceptable as a means to prevent turning, looseni
equired in 4411 and 14.1.2, but a toothed lock washer that provides both sprin
Ce lock pr.équivalent means is acceptable.

ninsufated live part, such as a field wiring terminal, shall be secured to its supp

ctor, provided
at of the wire

y mounted in

sulated live parts shall/be~so secured to the base or mounting surface that they will be

acings below

hg, or shifting
j take-up and

brting surface

or surfaces

YA methods-other than friction-between-surfaces-if hlrnlnn or ehlﬂlhg in pr\elhnh

may result in a

reduction of spacings below the minimum values required. The part shall be secured by two screws or
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into an adjacent part; or by some other equivalent method.

14.1.5 A plunger contact, diaphragm assembly, or other part intended to be non-moving while supporting
components shall be mounted in position and prevented from loosening or turning by means other than
friction between surfaces.

14.2 Insulating materials

14.2.1 Materials used for the support of current-carrying parts shall be non-flammable, moisture-
resistant insulating material, such as porcelain, phenolic or cold-molded composition, or the equivalent.
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14.2.2 Among the factors to be considered in judging electrical insulation are mechanical and electrical
strength, resistance to burning, moisture, arcing, creep (flow due to stress), thermal endurance and
resistance to temperatures encountered in intended use.

14.2.3 A terminal block mounted on a metal surface that may be grounded shall be provided with an
insulating barrier between the mounting surface and all live parts on the underside of the base, unless the
parts are staked, upset, sealed, or equivalently secured to prevent movement of the parts at the ends of
replaceable terminal screws from reducing spacings below the minimum values required.

14.2.4 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not for the sole support of live parts where shrinkage, current leakage, or warping of the fiber may
introduce a rigk of fire or electric shock

14.2.5 Polymeric materials may be used for the sole support of uninsulated live parts’ iff found to be
equivalent to the materials indicated in 14.2.4.

14.2.6 A copntersunk sealed live part shall be covered with a waterproof insulating compouynd which will
not melt at altemperature 15 °C (27 °F) higher than the maximum normal, operating tempgrature of the
assembly, anfl at not less than 65 °C (149 °F) in any case. The depth onrthickness of sealirlg compound
shall be not Igss than 3.2 mm (1/8 in).

14.2.7 The |thickness of a flat sheet of insulating material,/such as impregnated asbgstos-cement
composition or phenolic composition employed for panel mounting of parts shall be not Igss than that
specified in Table 14.1.

Table114.1
Thickness of Flat Sheets of Insulating Material

Maximum dimensions
- Minimum thickness,
Length or width, Area,

mm (in) cm? (in?) mm (in)

610 (24) 2323 (360) 9.5% (3/8%)

1219 (48) 7432 (1152) 12.7 (1/2)

1219 (48) 11,148 (1728) 15.9 (5/8)

1219 (Over4s) 11,148 (Over 1728) 191 (3/4)
@ Material less than 9.5mm/3/8 in) but not less than 3.2 mm (1/8 in) thick may be used for a panel if the panel is sugported or
reinforced to prpvide rigidity not less than that of a 9.5 mm (3/8 in) sheet. Material less than 3.2 mm (1/8 in) may be ¢mployed for
subassemblies] suchhas supports for terminals for internal wiring, resistors, and other components.

14.3 Current-carrying parts
14.3.1 A current-carrying part shall be of silver, copper, a copper alloy, or the equivalent.

14.3.2 Bearings, hinges, or similar parts are not acceptable for carrying current between interrelated
fixed and moving parts.

14.3.3 Plated steel shall not be used for secondary-circuit parts nor for primary-circuit parts, such as
capacitor terminals, unless a glass-to-metal seal is necessary, nor for leads or threaded studs of
semiconductor devices. Blued steel or steel with corrosion resistance that has been determined to be
equivalent is acceptable for the following:

a) The current-carrying arms of mechanically- or magnetically-operated leaf switches;
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b) Within a motor and motor governor, including the motor terminals; or

c) When the temperatures exceed 100 °C (212 °F) during the intended operation.
14.4 Bushings
14.41 Where a lead or wire harness passes through an opening in a wall, barrier, or enclosing case,

there shall be a metal or insulating bushing, or the equivalent, that shall be secured in place and have a
smooth rounded surface against which the wire may bear.

14.4.2
in metal of t

If the opening is located in a phenolic composition or other equivalent nonconducting material or

ickness greater than 1.07 mm (0.042 in), a smooth rounded surface having rounded edges is

deemed to b

14.4.3 Ceramic materials and some molded compositions are permitted for insulating

separate bus

14.4.4 Afig

a) It
condi

b) Th

c) The fiber will not be exposed to moisture.

14.4.5 Ordi
than 90 °C (1
thickness an

1446 A sg
mm (3/64 in
vapor, or oth
employed in
could cut intd

1447 An

e the equivalent of a bushing.

hings of wood and of hot-molded shellac are not permitted.

er bushing may be used if:

vill not be subjected to a temperature higher than 90 °C (4194 °F) under inten
ions;

e bushing is not less than 1.2 mm (3/64 in) thick; and

94 °F) under intended operating conditions if the bushing is not less than 1.2
1 if it will not be exposed to moisture:

ft rubber bushing may be employed in the frame of a motor if the bushing is nof
in thickness and if thebushing is so located that it will not be exposed to oi
er substances which may have a deleterious effect on rubber. If a soft rubb

the rubber.

insulating m
between the

14.5 Semi

14.5.1

nsulating-metal grommet is acceptable in lieu of an insulating bushing, proy
terial used is not less than 0.8 mm (0.032 in) in thickness and completely f
rommet and the metal in which it is mounted.

bushings, but

led operating

nary vulcanized fiber may be employed where it will not be subjected to a tempgrature higher

m (3/64 in) in

less than 1.2
, grease, oily
er bushing is

B hole in metal, the<hole shall be free from sharp edges, burrs, projections, and the like, which

ided that the
lls the space

which they may be exposed in service. Refer to Section 17, Performance Tests — General.

14.6 Transformers, relays, and coils

14.6.1
moisture.

Semiconductors shall be rated for the intended application under all environmental conditions to

Coils shall be treated with an insulating varnish, and baked or otherwise impregnated to exclude

14.6.2 Film coated, or equivalently coated wire is not required to be given additional treatment to prevent

moisture abs

orption.
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14.7 Capacitors

14.7.1 Capacitors shall be rated for the intended application under all environmental conditions to which
they may be exposed in service.

14.7.2 Capacitors shall be suitable for the purpose. There shall be no failure of the capacitors when the
product is subjected to Section 22, Temperature Rise, and Section 25, Endurance. The measured peak
voltage across the capacitor shall not exceed the voltage stress level as specified in Section 29,
Component Stress.

14.7.3 Supervisory capacitors shall be of the non-polarized type (or back-to-back common cathode
connection if two pnlgri?nﬂ f\]/pae aro ||enr1) and found suitahle for the purpose The-measured peak-to_
peak voltage|across the supervisory capacitor shall not exceed the rated voltage when ‘tegted over the
speaker rateq bandwidth at rated input voltage.

14.8 Operating parts

14.8.1 Opefating parts of an appliance shall be located or protected so that their function is|not impaired
by any wiring[operation within the enclosure.

14.8.2 A cam or similar part shall be mechanically fastened so that independent turning off loosening is
prevented.

14.8.3 An gperating component or assembly, such as “a“switch or relay, shall be protected by an
individual coyer or dust-tight cabinet against fouling by“dust or by other material that mpy impair its
operation. A felay using contacts having a wiping action does not require any special protection against
fouling by dust.

14.8.4 A mqving part shall have sufficient play’at bearing surfaces to prevent binding.

14.8.5 An gdjusting screw or similar;adjustable part shall be prevented from loosening under the
conditions of actual use.

14.8.6 A mgnually-operated-part shall withstand the stresses to which it is subjected to in opration.
14.8.7 Interfelated operating parts shall be formed and assembled so that their alignment is maintained.

14.8.8 Geals shall"have uniformly formed teeth with smooth engaging surfaces, and shgll be reliably
secured in place.

14.8.9 The assembly of an operating mechanism included as a part of a product shall be such that it will
not be adversely affected by any condition of intended operation.

14.9 Connectors and receptacles
14.9.1 A receptacle or connector shall be rated for the current and voltage to which it is subjected.
14.10 Printed wiring boards

14.10.1 Printed wiring boards shall comply with the UL 796 and CAN/CSA-C22.2 No. 0.17. The
components of a printed wiring board shall be attached securely and the spacings between circuits shall
comply with the spacing requirements for rigidly clamped assemblies (see Table 12.1). The board shall be
mounted so that deflection of the board during servicing shall not result in damage to the board or in a
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reduction of electrical spacings to less than those required in this standard. A printed-wiring board shall
have a minimum flammability rating of V-2, be rated for direct support of current-carrying parts, and be
suitable for the soldering process used.

14.11 Motors
14.11.1 A motor shall be protected against overheating under normal and abnormal operating conditions.

14.11.2 A motor shall be protected by thermal or overcurrent protective devices or shall be of the
impedance-protected type. See Section 41, Locked Rotor Test. A thermal or overcurrent protective device
shall not open the circuit during the Section 22, Temperature Rise.

14.11.3 A motor having openings in the enclosure or frame shall be arranged so that flaming or glowing
particles dropping out of the motor will not fall onto flammable material within or under the appliance.

14.12 Battéries
14.12.1 General

14.12.1.1 A battery or batteries used as primary or backup power’shall comply with the applicable
requirementg in 14.12 and 42.1 — 42.6.

14.12.1.2 Batteries shall be located and mounted so that«terminals meet the spacing requirements in
12.2, Separation of Circuits.

14.12.1.3 A notification appliance powered by replaceable batteries shall provide access o the battery
compartment without disassembly of any part of the product except for a cover or similar parts as specified
in the manufacturer’s published instructions.

14.12.1.4 A notification device with replaceable batteries shall comply with 42.6, Battery |Replacement
Test and:

a) B¢ designed to prevent misalignment, reverse polarity, damage upon corjnection, and
accegsibility of uninsulated parts during use and replacement;

b) Prpvide a battery securement means to prevent inadvertent disconnection or|damage that
impedes operation of the unit during use; and

c) Be|prevented from coming into contact with terminals of adjacent batteries or with metal parts of
the enclosure as a result of shifting of the batteries.

14.12.1.5 Removal of the speaker from a mounting support or bracket to replace a battery shall only be
permitted when the mounting of the product is supervised. Wiring that is subjected to flexing or stress
during the removal of a notification appliance shall comply with the requirements in Section 32, Strain
Relief.

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

14.12.1.7 Connections to battery terminals shall be either by a lead terminating in a positive snap-action
type clip, or a fixed butt-type connection which applies a minimum 6.6 N (1.5 Ib) force to each battery
contact, or another connection means that has been determined to be equivalent.
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14.12.1.8 Each lead of a clip lead assembly used as part of a battery-operated product shall be suited for
the intended application and shall be a minimum 26 AWG (0.21 mm?) stranded wire size with a minimum
0.4 mm (1/64 in) insulation.

14.12.2 Primary batteries
14.12.2.1 A primary battery used to power a notification appliance shall meet the requirements of this
section as well as the requirements for 42.1, Primary Battery Compatibility Tests, and 42.3, Battery

Capacity test.

14.12.2.2 Lithium batteries used as the primary source shall be protected from being charged and

comply with theregquirements i CSA-C22.2 No-60086-4 UL 60086-4 or UL 1642

14.12.3 Sedgondary batteries used as standby power source

14.12.3.1 Npn-rechargeable batteries shall be protected from being charged.

14.12.3.2 A
shall meet th

batteries used as a standby power source, 42.4.

141233 A
any part of th

141234 T
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rates.
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currentby a f
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rechargeable secondary battery used as standby power source for a notificati
e requirements in this section as well as the requirement. in“Compatibility of

rechargeable secondary battery shall be sealed orvented so that it does not ad
p product.

ne maximum charge rate as well as the maximum trickle charging current of a
ttery shall be limited so that it does not exceed the battery manufacturer's rg

ne rechargeable secondary battery shall be protected against excessive loadin
Ise or other overcurrent protective device.

ne mounting arrangement for the batteries shall:
mit access to thebatteries for testing and maintenance;
provided with.an integral meter; or

provided with readily accessible terminals to facilitate the connection o
niningbattery voltage.

pn appliance
rechargeable

ersely affect

rechargeable
commended

j or charging

f meters for

14.12.3.7 A notification appliance with a rechargeable secondary battery shall automatically test the
condition of the battery at least once every 24 h. The test shall be conducted under a load sufficient to
determine if the battery requires service or has been removed or disconnected. A battery requiring service
is defined as a battery which is not capable of providing 5 min of alarm signaling at the level required to
meet 42.4.4. A notification appliance with a battery requiring servicing or replacement shall send a trouble
signal.

14.12.4 Rechargeable lithium-ion batteries

14.12.4.1 In addition to the requirements in 14.12.3.1 — 14.12.3.7, rechargeable lithium-ion batteries and
battery packs shall also comply with the requirements for secondary lithium-ion batteries specified in the
standards shown below:

a) UL 1642;
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b) UL 2054;
c) UL 60086-4;
d) CSA C22.2 No. 60086-4.

14.12.4.2 A lithium-ion battery pack intended for installation and replacement by other than trained
qualified personnel shall employ a rigid mechanical enclosure that complies with the enclosure
construction and test requirements of UL 2054.

14.12.4.3 Lithium-ion batteries shall be specified only for installation and replacement by trained
qualified personnel. Lithium-ion batteries shall not be accessible to the user.

14.12.4.4 Gompatibility between lithium-ion batteries or battery packs, and the equipment including the
charging system(s), shall be verified and documented in the manufacturer’s published instructions.
Verification documentation shall include:

a) The battery manufacturer’s specifications noted in 14.12.4.5; and

b) A fpilure mode and effects analysis demonstrating that the battery manufacturer’s gpecifications
notedin 14.12.4.5 are not exceeded.

14.12.4.5 The following specifications from the lithium-ion battery’manufacturer shall not bg¢ exceeded in
the notificatign appliance:

a) Rated charging current, charging voltage and’;cutoff current, with compliance yerified under
normal and single fault conditions within the system;

b) Rated discharge current/rate and endpgint voltage, with compliance verified undgr normal and
singlg fault conditions within the system;

c) Maximum charging current.and charging voltage limit (established as part df the battery
abnofmal charging test of UL 2054, with compliance verified under fault conditions within the
system; and

d) The upper and lowet ambient temperature ranges for charging and discharging.

14.12.4.6 Hquipment with a rechargeable lithium-ion battery pack, intended for ingtallation and
replacement|by otherthan trained qualified personnel, shall:

a) B¢ designed to prevent misalignment, reverse polarity, damage upon corjnection, and
acceIsibility of uninsulated parts during use; and

b) Provide a battery securement means to prevent inadvertent disconnection or damage during
use.

14.12.4.7 Lithium-ion batteries required to provide a limited power source shall comply with the limited
power test requirements of UL 2054.

15 Spacings

15.1 Spacings between uninsulated live parts, between uninsulated live parts and dead metal parts, and
between uninsulated live parts of opposite polarity shall be not less than those indicated in Table 12.1.
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15.2 The spacings between an uninsulated live part and a wall or cover of a metal enclosure, a fitting for
conduit or metal-clad cable, and a metal piece attached to a metal enclosure where deformation of the
enclosure is liable to reduce spacings, shall be not less than those indicated in Table 12.1.

15.3 The “Through Air” and “Over Surface” spacings at an individual component part are to be judged on
the basis of the apparent power (VA) available to the individual component.

15.4 The spacing from any component to the enclosure or to other uninsulated dead metal parts
excluding the component mounting surface, shall be judged on the basis of the maximum voltage and total

VA available to the entire assembly.

15.5 Film ¢

requirements

15.6 An ins
composition,
less than 0.7
thickness ma
spacing requi
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1 ) 14
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ration of the product without simultanequsly producing a trouble or abnormal signal, the

veen such parts shall be at least the minimum applicable value specified for "O

16 Firmwarne Update (If Provided)

16.1

16.1.1
assigned due

General

A firmware release level.shall identify the firmware of a product. A new release |

to any changes.in the firmware.

ther parts" in

bvel shall be

16.1.2 Program firmwareand code shall not be accessible for unauthorized modification.
16.2 Firmwpre update
16.2.1 Productstapabte of Teceiving a firmware update shat-provide a means of ndicatin

firmware version of the unit.

16.2.2 The manufacturer shall provide documentation which details the differences:

a) From the original to each subsequent firmware version; and

b) Between subsequent versions (if applicable).

the current

16.2.3 Firmware updates for notification appliances shall not occur when the battery (primary or
secondary) supply associated with the device has been depleted to the trouble point (refer to 42.2, Battery
trouble voltage determination).
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16.2.4 Products capable of receiving a firmware update shall be tested and evaluated for the following
type of applicable firmware updates when the alarm device or accessory is subjected to the specified

operating conditions:

a) Authentic firmware update:

1) Normal standby condition — notification appliance shall operate as intended after

receiving an authentic firmware update.
2) Alarm condition — a firmware update shall not interfere with alarm signaling.

3) Loss of power — notification appliance shall comply with 16.2.6.

b) Du

16.2.5 Suc
intended follq

16.2.6 For
successfully
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trouble signal.

16.2.7 For
means for th
changed.
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rrupt firmware update:

1) Normal standby condition — notification appliance shall comply with 16.2.6.
signed manufacturer firmware update:

1) Normal standby condition — notification~appliance shall comply with 16.2.6.
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wing the update and comply with alhapplicable requirements as defined within t
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e user to obtain the manual for the updated firmware if any user discernible fur
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operating as
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he previous firmware version and the notification appliance and accessory if provided shall

hall result in a

all provide a
ctionality has

4
t

16.2.8 Whe firmware and
the compatibility of the firmware shall also be controlled and evaluated to the requirement of this Standard
and/or the control unit Standard as it relates to the performance of the notification appliance. Software

used for programming a notification appliance’s firmware shall be identified and controlled.
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PERFORMANCE
17 General

17.1 Unless otherwise specified, the performance of a speaker is to be investigated by subjecting
samples of each rating that is representative of production to the tests specified in Performance Tests,
Sections 17 — 42, as far as applicable and in the sequence presented. Refer to Annex D for illustration of
test sequence.
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18 Samples

18.1 The quantity of samples required for testing is as follows:
a) Devices intended for indoor-use only: 10 samples; and

b) Devices intended for outdoor-use: 12 samples.

18.2 Additional samples may be required for Section 37, Tests on Polymeric (Plastic) Materials, or
Section 28, Abnormal Operation and Burnout Test.

18.3 Additional samples of speakers utilizing encapsulated or sealed assemblies will be required. These
additional samples shall be submitted without being encapsulated or sealed.

18.4 Additignal samples of speakers utilizing multiple voltage inputs, may be required}for tegting.

18.5 To rediice the number of samples required, the same samples may be used for multiplg tests, other
than as indidated in the test sequences shown in Annex D, when agreed upon between the testing
organization and the manufacturer before testing starts. Reducing the number of samples hay increase
the length of fime for an investigation.

18.6 If a prgduct must be mounted in a specified position in @rder to function as intend€d, it is to be
tested in that position.

18.7 For mdltiple input voltage speakers each input voltage shall be tested.

18.8 The input circuit of an speaker assembly is considered to be the terminals or the field wiring leads
that get conngcted to the control unit.

18.9 The following information is required.for a speaker that employs electronic components:
a) Verldor's rating for each component;
b) Maximum operating yalues for each component; and

c) General description-of the circuit operation.

18.10 A spaker noét specifically marked for tone reproduction shall be tested to the reqliirements for
ction shall be
Hz. When a
tests shall be

conducted at the bandwidth specmed by the manufacturer

18.11 The “rated frequency bandwidth” is that frequency range of a speaker which meets or exceeds the
minimum requirements in Section 20, Frequency Response and Output Sound Pressure Level.

18.12 The “pink noise” supply to speakers specified in Section 19, Input Test, Section 20, Frequency
Response and Output Sound Pressure level, Section 21, Directional Characteristic, Section 22,
Temperature Rise, Section 25, Endurance, Section 26, Variable Ambient Temperature, Section 27,
Humidity, 28.3, Speakers with Multiple Input Voltages, Section 30, Jarring, Section 33, Corrosion Tests,
and Section 34, Water Spray, shall be a random frequency of uniform spectral density weighted -3
dB/octave. The frequency range of the input signal shall be limited to the frequency bandwidth specified by
the manufacturer or 400 — 4000 Hz, whichever is greater. The slope of the bandpass filter shall be at least
24 dB/octave. The ratio of the peak to RMS signal should be between 1.8 and 2.2 or an average crest
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factor of 2. The amplitude of the amplifier is to be adjusted to produce the rated RMS voltage at the
speaker terminals.

19 Input Test

19.1 The measured electrical input power to each input of a multi-tap speaker shall not exceed 100 % of
the manufacturer's rated power of the speaker when powered by pink noise. The rated power of the
speaker shall be based on operation over the manufacturer's specified frequency range or 400 — 4000 Hz,
whichever is greater.

19.2 In addition to 19.1, the input power to the speaker shall not exceed 130 % of rated power when
powered by pink-noise-overthe-frequencyrange-0f125—400Hz-Gain-adjustments-to-the-signal source or
filter amp arg permitted to avoid excessive clipping.

19.3 The measurement shall be made with the speaker mounted and located as described |n 20.3.3. The
speaker ther is to be connected as shown in Figure 19.1 to an amplifier whoséxinput is connected to a
“pink noise sppply” described in 18.12.

Figure 19.1

Power Input Test

Adjust output to maintain

[ output ratio between 1.8
and 2.2 (use of optional
variable resistors is acceptable)
Gain adjustments to the signal
source or filter amp are permitted
to avoid excessive clipping

1N4148

PINK-NOISE BAND
SOURCE FILTER

POWER
AMPLIFIER

SPEAKER

su1627

19.4 Input power (Watts) is the product of the rated voltage and the true RMS current to the speaker over
the frequency specified in 19.1.
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20 Frequency Response and Output Sound Pressure Level

20.1 Frequency response

20.1.1 The frequency response of a speaker shall lie between the areas marked “Upper Limit” and
“Lower Limit” as shown in Figure 20.1 when powered by pink noise as specified in 18.12. Excursions
beyond these limits that are less than or equal to 1/6 octave in width are acceptable. Sound pressure
levels shall be integrated over a minimum 30 s period. In determining acceptability, the zero-decibel
reference line may be shifted vertically to determine whether one-third octave response of the speaker will
fit between the upper and lower limits.

Figure 20.1
Frequency Response and Output Sound Pressure Level
1/3 OCTAVE BAND
Band 29 30 3 32 33 34 35 36
Upper Limit 891 1122 | 1413 | 1778 | 2239 | 2818 | 3548 | 4467
Centre 800 | 1000 | 1250 | 1600 | 2000 | 2500°| 3150 | 4000
Point (Hz)
Lower Limit 708 891 1122 | 1413 | 17787\2239 | 2818 | 3548
\\
S
+10 @
g Upper Limit\\"Q
- +5
=2
S
3| ods
]
>
31 5 ——
g )\\ Lower Limit
o -10 -
<
o
2l 15 )
=2
o
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Sut625a

20.1.2 Speakers shall be tested in an environment where there are no reflective surfaces within the
frequency region of interest, such as a free field or anechoic chamber and with the measuring microphone
on the reference axis 3.05 m (10 ft) from the reference point.

20.2 Output sound pressure level — determination of rating

20.2.1 A speaker shall produce a sound pressure output not less than its marked rated sound pressure
level for one of the following modes of intended use specified below.

a) In Canada only: a speaker shall have a at least one wattage tap with a sound level of not less
than 75 dBA at 3.05 m (10 ft). When a device has multiple tone or volume settings, at least one
tone or volume setting shall produce a minimum of 75 dBA.

b) In the United States only:
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The sound le

1) A speaker intended for use in the Public Mode shall have at least one wattage tap with a
sound level of not less than 75 dBA at 3.05 m (10 ft). When a device has multiple tone or
volume settings, at least one tone or volume setting shall produce a minimum of 75 dBA;

and

2) A speaker intended for use in the Private Mode shall have at least one wattage tap with a
sound level of not less than 45 dBA at 3.05 m (10 ft). When a device has multiple tone or
volume settings, at least one tone or volume setting shall produce a minimum of 45 dBA.

vel is to be determined from the measured sound power in 20.2.2.

20.2.2 The sound power output of a speaker is to be measured in a reverberant room qualified to the

requirements
using the co
power is to

equivalent sq

in which:
Lp is (

L,ist

R is the radius for the converted sound pressureilevel 3.05 m (10 ft)

20.2.3 An 3
into quarter g

20.3 Deter

20.3.1 The
tests listed in

of ASA S12.51/ISO 3741. The sound power in each 1/3-octave band is te

pe determined on the basis of actual power. The total power then is to)be co
und pressure level for a radius of 3.05 m (10 ft) using the following forfmula:

L,=L,—20log,,R—0.6

onverted sound pressure level,

he sound power level measured in the reverberation room

dditional 6 dB is added to the abov&-sound pressure level to adjust for the sg
pace (two reflecting planes).

mination of sound reduction

sound level of speaker ‘shall not be reduced by more than 3 dB after being su
Table 20.1.

e determined

mparison method. The A-weighting factor is to be added to each 1/3-octaye band. The total

nverted to an

und radiation

bjected to the

Table 20.1
Tests Requiring Audibility Measurements
Test Section reference
Endurance 29
Variable Ambient Temperature 26
Humidity 27
Vibration 31
Corrosion 33
Water Spray 34
Polarity Reversal 35
Polymeric Materials Tests (Temperature Test) 37
Mechanical Strength Tests for Enclosures 38
Transient 39
Battery-Powered Units 42
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20.3.2 The sound pressure level is to be measured at a distance of 0.305 m (1 ft) from a device that is
energized from a nominal rated voltage source of supply. Sound pressure level measurements shall be
made with a sound level meter or equivalent calibrated measuring system meeting the requirements of
IEC 61672-1. The measurement shall be expressed in decibels A-weighted (dBA) referred to 20 pPa. The
measurement is to be made with the device in a room temperature ambient of not more than 25 °C (77 °F),
and then immediately after each of the test conditions listed in Table 20.1.

20.3.3 Unless otherwise specified, speakers shall be tested in an environment where there are no
reflective surfaces within the frequency region of interest, such as a free field, semi-anechoic or anechoic
chamber. The audible signaling device shall be mounted as intended, on a plywood panel 1 m? (10-3/4 ft?)
and 19 mm (3/4 in) thick. The center of the speaker shall be approximately centered between the floor and

the ceiling of the chamber.

2034 ltis

anechoic roon at a distance of 3.05 m (10 ft) on axis or in a reverberation room in accordance

20.4 Harmg

20.4.1 The
shall be 20 %
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to 130 % of the rated voltage, and the harmonic distortion test repeated. The

Il not exceed\20 %. Distortion excursions (or spikes) greater than 20 % are pe
han 1/6 actave in width.

nal.-Characteristic

oic or semi-
with 20.2.2.

reproduction
5 29 and 36).
5 than 0.2 %.
1/6 octave in

ed in 20.3.3.
n (10 in), the
erence point.
greater, the
ce point. On
ference axis

speaker is to
test is to be

the input voltage reduced to 80 % of rated voltage. At each voltage extreme the Harmonic

rmitted when

21.1

The directional characteristics of an speaker shall be determined by mounting the speaker, as in

normal service, to the center of a 1 m? (10-3/4 ft?) by 19 mm (3/4 in) thick fir plywood sheet and located
and oriented as described in 20.3.3. Where multiple mounting arrangements are available, the speaker
shall be flush mounted. The effect of sound radiated from the rear shall be eliminated. The speaker shall
be driven at rated voltage input. The sound pressure level shall be measured in the forward horizontal and
vertical planes of the reference axis.

21.2 The sound pressure level of the 1/3 octave spectrum centered at 2000 Hz shall be measured A-
weighted in the forward horizontal plane of the reference axis and vertical plane if the speaker output is not
concentric.

21.3 The directional characteristic shall be identified by the angles at which the sound pressure level
decreases by 3 dB and 6 dB from the device's rated output when measured at a radius of 3.05 m (10 ft) in
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the forward horizontal and vertical planes of the reference axis. If the 6 dB decrease is realized before 90°

from the refe

NOTE 1: Rated
NOTE 2: Referg

22 Temperpture Rise

rence axis, the decrease at 90° shall be recorded. Refer to Figure 21.1.

Figure 21.1

Dispersion Characteristics for Speakers

3m (10 ft) SPEAKER 3m (10 ft)

- / \ Sl
- \ S NS .
Z L~ 02 N >
\\
\

-7 . \>}
I

RATED SOUND PRESSURE LEVEL
(See Note 1)
NOT LESS THAN 85 dB
(75 dB FOR DWELLING UNIT SPEAKERS)

© -Angles to be included in installation instructiens (See Note 2)

sut623

sound pressure level as measured in 21.2.
nce 48.4(b).

22.1 The materials and components employed in the construction of a speaker shall not belimpaired and
shall not attpin temperature rises greater than those indicated in Table 22.1 under any condition of
intended opdration.
Table 22.1
Maximum Temperature Rises
Materiat Normatstandby Operating (Alarm)
condition
oC °F) oC °F)
A. COMPONENTS
1. Capacitors?® 25 (45) 40 (72)
2. Fuses 25 (45) 40 (72)
3. Relays, transformers, and other coils with:
a) Class 105 insulated windings
Thermocouple method 65 (117) 65 (117)
Resistance method 75 (135) 75 (135)
b) Class 130 insulated windings

Table 22.1 Continued on Next Page
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Table 22.1 Continued

Normal standby

Operating (Alarm)

condition
OC (OF) OC (OF)
Thermocouple method 85 (153) 85 (153)
Resistance method 95 (171) 95 (171)
4. Resistors®
a) Carbon 25 (45) 25 (45)
b) Wire wound 50 (90) 325 (585)
5. Sealing compounds See footnote ¢ See footnote ¢
6. Solid-stat¢ devices See footnote a or d Seeyfpotnote a or d
B. INSULATED|CONDUCTORS®
1. Appliance|wiring material 25°C (45 °F) less 25°C (45 °F) less
than the established | than the established
temperature rating of | tempefrature rating of
the wire the wire
2. Flexible c¢rd — Types SJO, SIT 35 (63) 35 (63)
C. ELECTRICAL INSULATION — GENERAL
1. Fiber used as electrical insulation or cord bushings 25 (45) 12% (225)
2. Phenolic Jomposition used as electrical insulation or as parts where failure 25 (45) 65 (117)
will result in & hazardous condition
3. Printed wifing boards Based on maximum Basedl on maximum
use temperature useltemperature
rating of printed- ratirjg of printed-
wiring board material | wiring[board material
D. GENERAL
1. Mounting purface 25 (45) 65 (117)
2. Wood or gther combustible material 25 (45) 69 (117)
3. Enclosure]surfaces:
a) Metal 40 (72) 40 (72)
b) Plastic 60 (108) 60 (108)
c) Glass 50 (90) 50 (90)
@ These compofents are not required to comply with these temperature limits when they have been evaluated in ac¢ordance with
the appropriate|sections in the'Reliability Toolkit: Commercial Practices Edition, published by Reliability Information Analysis
Center, US Degartment of.Defense Information Analysis Center.
b A resistor is ngt required-t6 comply with these temperature limits if it dissipates not more than one-half of its maximum power

rating under the
¢ Unless a therr

test.conditions specified.

Bmbient

hosetting material, the maximum sealing compound temperature, when corrected to a 25 °C (77 °F)

temperature, is 15 °C (27 °F) less than the softening point of the compound as determined by ASTM E28.

9 The temperature of a solid-state device (for example, transistor, SCR, integrated circuits) shall not exceed 50 % of its rating
during the normal standby condition. The temperature of a solid-state device shall not exceed 75 % of its rated temperature under
the alarm condition or any other condition of operation that produces the maximum temperature dissipation of its components. For
reference purposes, 0 °C (32 °F) is to be considered as 0 %. For integrated circuits, the loading factor shall not exceed 50 % of its
rating under the normal standby condition and 75 % under any other condition of operation. Both solid-state devices and
integrated circuits may be operated up to the maximum ratings under any one of the following conditions:

a) The component complies with the requirements in US Department of Defense, MIL STD 883E, Test Method Standard —

Microcircu

its.

b) A quality control program is established by the manufacturer consisting of inspection and test of 100 % of all components,
either on an individual basis, as part of a subassembly, or equivalent.

Table 22.1 Continued on Next Page
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Table 22.1 Continued

Material Normal standby Operating (Alarm)
condition
OC (DF) OC (OF)

followed by an operation test for normal signaling performance.

¢ For standard insulated conductors other than those mentioned, reference shall be made to the National Electrical

case is 25 °C (45 °F) less than the temperature limit of the wire in question.

c) Each assembled production unit is subjected to a burn-in test, under the condition that results in the maximum
temperatures, for 24 h while connected to a source of rated voltage and frequency in an ambient of at least 49 °C (120 °F)

70, in the United States, or the Canadian Electrical Code, CSA C22.1, in Canada. The maximum allowable temperature rise in any

Code, NFPA

22.2 For th|s test the speaker shall be driven until constant temperatures (see 22.4) areat
less than 1 h|by pink noise at rated power input as described in 18.12.

22.3 Tempegrature measurements on equipment intended for recessed mounting\shall be T
unit installed|in an enclosure of nominal 19 mm (3/4 in) thick wood having clearances of 50
the top, side¢ and rear, and the front extended to be flush with the enclosure cover.

22.4 The values for temperature rises in Table 22.1 are based on an‘assumed ambient te
not more thgn 25 °C (77 °F). Temperature is considered to be constant when three succes

indicate no
less than at

22.5

rises specifi
ambient tem

22.6 Therni
(0.21 mm?)
resistance n
insulation or
when measu

22.7 The tg

If equipment is intended for use with a prevailing-ambient temperature higher than 2
the test is td be conducted at the intended higher ambient temperature, and the allowablg

ange when taken at intervals of 10 % of the previously elapsed duration of th
min intervals.

d in Table 22.1 are to be reduced by,the amount of the difference betwee
perature and 25 °C (77 °F).

ocouples used for temperature ‘measurement shall consist of wires not larger
nethod or by the thertnocouple method as appropriate. When suppleme

wrapping is employed, the temperature measurement point shall be under
rement is by the thérmocouple method.

mperature rise .0f a coil winding may be determined by the resistance method

ained but not

nade with the
mm (2 in) on

bmperature of
sive readings
e test, but not

5 °C (77 °F),
temperature
n that higher

han 24 AWG

and not smaller than 30 AWG (0.06 mm?). Temperature measurement may be by the

ntary thermal
such material

by comparing
at a known

the resistange of the/winding at the temperature to be determined with the resistancq
temperature py meahs)of the formula:
R
$— — (LN (L ¢4\
v AATELD VAN L)
r
in which:
t = Temperature rise in °C
t; = Room temperature at beginning of testin °C
t, = Room temperature at end of test in °C
R = Resistance at the end of the testin Q

r = Resistance at the beginning of the test in Q

k = 234.5 for copper, or 225.0 for electrical conductor grade aluminum
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NOTE: As it is usually necessary to de-energize the winding before measuring R, the value of R at shutdown may be determined by
taking several resistance measurements at short intervals, beginning as quickly as possible after the instant of shutdown. A curve of
the resistance values and the time may be plotted and extrapolated to give the value of R at shutdown.

22.8 The circuit of a current regulating resistor or reactor shall be adjusted for the maximum heating
effect condition which may occur in service. Current, voltage and power regulating components shall be
set for the worst case heating effect service condition.

22.9 Speaker voice coils are not required to be subjected to these temperature test requirements.
Compliance of the voice coil assembly is determined with Section 28, Abnormal Operation and Burnout

Test.

23 Dielectric Voltage-Withstand

23.1

circuits opera

a) For

potential is used);

b) For|
1000

c) For
(1414

NOTE 1: Expos¢g
from outside of tH

NOTE 2: A referd

23.2 Forth
frequencies,
voltage of the|
the test poten

23.3 Where
from line-to-¢
capacitor or fi

A product shall withstand for 1 min without breakdown, the application of an essentia
AC potential of a frequency within the range of 40 — 70 Hz, or a DC potential, between live
enclosure, bgtween live parts and exposed dead-metal parts (see Note 1), and’between

ing at different potentials or frequencies. The test potential is to bes;

circuits rated 30 V AC rms (42.4 V DC or AC peak) or less =500 V AC (707

circuits rated greater than 30 and equal to or less than' 150 V AC rms (42.4 and
AC (1414 V, when a DC potential is used); and

circuits rated more than 150 VAC rms (212 DC) — 1000 V AC plus twice the
V plus 2.828 times the rated AC rms voltage; when a DC potential is used). See

d dead-metal parts are non-current-carrying meétal parts that are capable of becoming energized an
e enclosure of a product.

nce or component ground is to be disconnected prior to the test applications.

application of a potential between live parts of circuits operating at different
he voltage is to be«the applicable value specified in 23.1 (a), (b) or (c), based o
circuits under test. Electrical connections between the circuits are to be disconr
tial is applied.

the charging current through a capacitor or capacitor-type filter connected acrog
arth «ground is sufficient to prevent maintenance of the specified AC test |
teristo be tested using a DC test potential in accordance with 23.1.

ly sinusoidal
barts and the
live parts of

, when a DC

212V DC) -

rated voltage
23.3 - 23.5.

H are accessible

potentials or
n the highest
ected before

s-the-line, or
botential, the

23.4 The test potential shall be obtained from any convenient source having sufficient capacity to
maintain the specified voltage. The output voltage of the test apparatus is to be monitored. The method of
applying the test voltage is to be such that there are no transient voltages that result in instantaneous
voltage being applied to the circuit exceeding 105 % of the peak value of the specified test voltage. The
applied potential is to be:

a) Increased from 0 at a uniform rate so as to arrive at the specified test potential in approximately
5 s; and then

b) Maintained at the test potential for 1 min without an indication of a breakdown or leakage of
greater than 0.5 mA. Manual or automatic control of the rate of rise is not prohibited.

23.5 A printed-wiring assembly or other electronic circuit component that is capable of short-circuiting (or
being damaged by) the test potential, is to be removed, disconnected, or otherwise rendered inoperative
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before the test. A representative subassembly is then to be tested instead of an entire unit. Rectifier
diodes in the power supply may be individually shunted before the test to avoid destroying them in the
case of a malfunction elsewhere in the secondary circuits.

23.6 If an autotransformer is in the circuit, the primary of the transformer is to be disconnected and an
AC test potential in accordance with 23.1(c) is to be applied directly to all wiring involving more than 250 V.

24 Evaluat

241

ion of Reduced Spacings on Printed-Wiring Boards

reduced spacings shall comply with:

In accordance with the Exception of 15.1, printed-wiring board traces of different potential having

a)Th
b) Th
24.2 A prin

application o
with Section

24.3 Powel
having redug

b dielectric voltage-withstand test described in 24.2 and 24.3; or

b shorted trace test described in 24.4 and 24.5.

ted-wiring board, as specified in 24.1(a) shall withstand for 1 min-without b
f a dielectric withstand potential between the traces having reduced spacings, i
P3, Dielectric Voltage-Withstand, as appropriate.

-dissipating component parts, electronic devices, and{capacitors connected bsg
ed spacings, are to be removed or disconnected so‘that the spacings and insu

than these component parts, are subjected to the full dielectric véltage-withstand test potentig

24.4 Printe
and the test
result of this

a)Th

b) Av

When the ci
components
and the test
of a trace op

Exception: A
repeated.

d-wiring board traces, as specified in 24.1(b)yare to be short-circuited, one loca
s to be conducted as described in 28.1 (Abnormal Operation and Burnout — G
est:

b overcurrent protection associated with the branch circuit to the unit shall not op

ire shall not open.

cuit is interrupted by epéning of a component, the test is to be repeated twig
when required. Whena printed wiring board trace opens, the gap is to be elect
ontinued until ultimate results occur, and the procedure is to be repeated for ead
Ening.

fter opening of an internal overcurrent protective device, the test is not re

eakdown the
n accordance

btween traces
ations, rather

fion at a time,

eneral). As a

en; and

e, using new
ically shorted
h occurrence

quired to be

245 The te

+of 204 A

+ 1N i ad £, 4 L PR H | 0 £ 41 nadibian A ribad
< U UG UUTNIMImiucu 1ul 1T U Ut vnic Ut uic LUTIUTUIUINIO Ut oulivou L)eIOW OCCUrS.

QU UT 25=.7 1

When, at the end of 1 h, no condition described below has occurred, and it is indicated that such a
condition is imminent, the test is to be continued until ultimate results are obtained (usually 7 h).

a) Ign

ition of the cheesecloth; or

b) Fuse from the enclosure to ground does opens.

24.6
product shall

be subjected to Section 23, Dielectric Voltage-Withstand Test.

25 Endurance

251

sound pressure level before the endurance test.

Immediately following each fault described in 24.4, within one min of the conclusion of the test, the

The speaker output sound pressure level shall not be reduced more than 3 dB from the output
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25.2 The speaker is to be mounted as described in 20.3.3 and subjected to 30 min of variable-frequency
square wave, followed by 1 h of pink noise at 1/16 rated power for a total of 76 cycles. The variable-
frequency square wave voltage shall have an rms value equal to the rated voltage of the speaker and the
frequency shall be continuously varied from either 800 Hz or the lowest frequency rating of the speaker
(whichever is lower) to 2800 Hz, or the highest frequency rating of the speaker (whichever is higher), then
returned to the lower value. During this test, the frequency is to be varied from the lower to the higher
value 12 times /min. The pink noise shall be as described in 18.12. The pink noise shall be band limited
from either 800 Hz, or the lowest frequency rating of the speaker (whichever is lower) to 2800 Hz, or the
highest rating of the speaker (whichever is higher).

25.3 Inlieu of 25.2, the speaker shall be continuously operated using pink noise as described in 18.12
for 24 h at 130 % of the rated input power determined in 19.2.

25.4 For the tests described in 25.2 and 25.3, multiple tap speakers and/or multiple~voltdge speakers
shall be testefl at the highest power tap for each voltage rating.

25.5 Overcyrrent protection devices shall remain inactivated as a result of these'tésts.

25.6 Follow|ng the endurance tests in 25.2 or 25.3, the speaker shall'be allowed to stabjilize to room
temperature before being subjected to the Output Sound Pressure Leveltest in 25.2 or 25.3.[The speaker
output sound|pressure level shall not be reduced more than 3 dB<rom the output sound pressure level
prior to endurpnce testing.

26 Variable| Ambient Temperature
26.1 Generpl

26.1.1 As a|result of the exposure to 26.2, Effect of Shipping and Storage Temperature, 26.3, High and
Low Ambient[Temperature, and Section 27, Humidity:

a) Spgakers shall not present a risk-of shock;

b) Thg speaker output sound pressure level shall not be reduced more than 3 dB frgm the sound
outpuf pressure level prierito the variable ambient test; and

c) A wlireless notification appliance shall send and receive alarm and trouble signals hile in 26.3,
High and Low Ambient Temperature, and 28.1.6, Humidity. The trouble signal must individually
identify the affected device as required in Section 6, Control Unit Interface.

26.2 Effectjof shipping/storage temperature

26.2.1 The performance of a speaker shall not be adversely affected by exposure to temperatures
anticipated during shipping and storage. The exposure shall not result in warping, cracking, discoloration
or any other damage that would impair its operation in any way or its suitability for the intended use.

26.2.2 A sample, as normally shipped, shall be subjected to a temperature of 70 +5 °C (158 +9 °F) for a
period of 24 h, allowed to stabilize to room temperature, subjected to a temperature of -40 +5 °C
(-40 19 °F) for 3 h, and then allowed to stabilize to room temperature.

26.2.3 Following the exposures of 26.2.2, the speaker shall be examined for damage, and then
subjected to the tests in 26.3, High and Low Ambient Temperature.
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26.3 High and low ambient temperature

26.3.1

26.3.1.1

Low temperature test

A speaker shall be operational during and following the exposure to the low temperature test.

26.3.1.2 A speaker intended for indoor use in dry locations, is to be placed in a position of intended use
in an air circulating environmental chamber and then momentarily energized to verify operation. The
environmental chamber shall then be turned on and adjusted to the lower of the following temperatures:

a)0+

5°C (32 19 °F); or

b) Th

on its|marking.

During the gxposure, the speaker shall not be energized except as noted in between ex

exposure ti

26.3.1.3 A gpeaker intended for indoor use in damp locations is to be placed in a position of

in an air circ
before being
of a change
temperature
at a humidit
exposure thg

26.3.1.4 A
intended use
operational b
consists of a
the temperat
a humidity of
the speaker

a) -40

b) TH
instru

26.3.1.5 At

lowest ambient operating temperature specified in the product's installation.i

is to be 3 h or longer if required to achieve thermal equilibrium.

lating environmental chamber and then momentarily energized to verify that it
and subjected to 20 cycles of temperature and humidity,cycling. A temperature

from a temperature of 25 +5 °C (77 9 °F) at a‘humidity of 95 +5 % R.H,
ndicated in 26.3.1.2 for a period of 30 min, and back to a temperature of 25 +5

of 95 15 % R.H. The rate of change is tohe 2 £1 °C (3.6 £1.8 °F) per mi
speaker shall not be energized except as noted between exposures.

speaker intended for outdoor use in damp or wet locations is to be placed in
in an air circulating environmental chamber and then momentarily energized to
efore being subjected to 20 cycles of temperature and humidity cycling. A temg
change from a temperature of 26°+5 °C (77 £9 °F) at a humidity of 95 +5 % R.H
Lire indicated below for a period of 30 min, and back to a temperature of 25 +5 °(
95 +5 % R.H. The rate ¢f change is to be 2 £1 °C (3.6 +1.8 °F) per min. During
shall not be energized, except as noted between exposures.

15 °C (-40 +9 °E); or

e lowest _ambient operating temperature specified in the product's markin
ctions or-00its marking.

nstructions or

posures. The

intended use
is operational
cycle consists
to the lower
°C (77 19 °F)
n. During the

a position of
verify that it is
erature cycle
. to the lower
(77 £9 °F) at
the exposure

g installation

temperature,

the,completion of the appropriate low temperature exposure, and whil
the’environmental chamber is to be de-energized and the speaker momenta i

at the low

ker momentarily energized to

verify that it is operational.

26.3.1.6 Following the low temperature exposures, the samples shall be allowed to stabilize to room
temperature and then examined for damage before being subjected to the tests in High Temperature,

26.3.2.

26.3.2 High temperature test

26.3.2.1

A speaker shall operate as intended during and following exposure to the high temperature test.

26.3.2.2 A speaker intended for indoor use in dry locations is to be placed in a position of intended use in
an air circulating environmental chamber and momentarily energized to verify that it is operational. The
environmental chamber is then turned on and adjusted to maintain the higher of the following
temperatures:
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a) 50 +5 °C (122 9 °F); or

b) The highest ambient operating temperature specified in the product's installation instructions or
on its marking.

During the exposure the speaker is not to be energized except as noted in between exposures. The
exposure time is to be 3 h or longer if required to achieve thermal equilibrium.

26.3.2.3 An speaker intended for indoor use in damp or wet locations is to be placed in a position of
intended use in an air circulating environmental chamber and momentarily energized to verify that it is
operational before being subjected to 20 cycles of temperature and humidity cycling. A cycle consists of a
change from a temperature of 25 +5 °C (77 +9 °F) at a humidity of 95 +5 % R.H. to the higher temperature

indicated in 2|
of 955 % R
not energized

26.3.2.4 An
intended use
operational b
change from
indicated belq

p.3.2.2 for a period of 30 min, and back to a temperature of 25 +5 °C (77 19 k)
H. The rate of change is to be 2 +1 °C (3.6 1.8 °F) per min. During exposuret
except as noted between exposures.

speaker intended for outdoor use in damp or wet locations is to be-placed in

bfore being subjected to 20 cycles of temperature and humidity cycling. A cycle
b temperature of 25 5 °C (77 £9 °F) at a humidity of 95 £5% R.H. to the higher
w for a period of 30 min, and back to a temperature of 25 +5 °C (77 £9 °F) ata h

.Lat a humidity

e speaker is

a position of

in an air circulating environmental chamber and momentarily energized to ve¢rify that it is

consists of a
temperature
umidity of 95

15 % R.H. The rate of change is to be 2 +1 °C (3.6 +1.8 °F) per minyDuring exposure the sighaling device
is not energized except as noted between exposures.
a)66 15 °C (151 19 °F), 955 % R.H.; or
b) The highest ambient operating temperature specified in the products marking installation
instrugtions or on its marking.
26.3.2.5 At the completion of the appropriaté_high temperature exposure, while at the high femperature,
the environmeéntal chamber is to be de-energized and the signaling device is to be momentatily energized
to verify that if is operational.
26.3.2.6 Following the high temperature exposures the samples shall be allowed to stabfilize to room
temperature hefore being examined for damage and then subjected to the tests in Section 27 | Humidity.
27 Humidity Test
27.1 Follow|ng the-exposures in Section 26, Variable Ambient Temperature, a speaker shgll operate as

intended during ‘and following exposure to high humidity without risk of fire or electric shock.

27.2 A speaker intended for indoor use in dry locations only is to be to be placed in a position of intended
use in an air circulating environmental chamber and momentarily energized to verify that it is operational
before being subjected to a relative humidity of 93 +2 % and a temperature of 32 +2 °C (90 +4 °F) for a
period of 24 h. During the exposure the signaling is not energized except as noted between exposures.

27.3 A speaker intended for indoor or outdoor use in damp or wet locations is to be placed in a position
of intended use in an air circulating environment chamber and momentarily energized to verity that it is
operational before being subjected to a relative humidity of 95 +5 % and a temperature of 60 5 °C
(140 %9 °F) and maintained for 240 h. During the exposure the signaling devices is not energized except
as noted between exposures.

27.4 At the completion of the humidity exposure, the environmental chamber is to be de-energized and
signaling devices is to be momentarily energized to verify that it is operational.
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27.5 Following the operational check in the humidity environment, the speaker shall be removed from the
humidity chamber and within 5 min be subjected to and meet the requirements of Section 23, Dielectric
Voltage-Withstand.

27.6 Following the dielectric voltage-withstand test, the speaker shall be allowed to stabilize to room
ambient conditions for at least 1 h after which the speaker shall be tested per 20.2, Output Sound
Pressure Level Test. The speaker’s output sound pressure level shall not be reduced more than 3 dB from
the output sound pressure level prior to the exposures of 26.3.1 and 26.3.2.

28 Abnormal Operation and Burnout

28.1 General

28.1.1

28.1.2 The

worst case
bleached ch

A s
electrical fau

eaker shall not present a fire hazard or an electrical shock hazard as a Cansg
t or overload.

devices under test shall be mounted as in normal service and oriented so as to
vith respect to the emission of glowing particles, flame or\molten metal. H
esecloth, having an area of 26 to 28 m?/kg (14 — 15 square'yards to the pound

quence of an

represent the
ive layers of
) and a count

!

28.1.3 Add
cheesecloth

of 32 by 28, are to be located as close as possible below the sample under test.

tionally, all openings of the unit enclosure are to be ‘eovered with a single laydr of bleached
bs described in 28.1.2.

28.1.4 For
and maintair
occurs.

pach of the test conditions described in thefollowing sections, the test voltage is
ed until constant device temperature is attained, or burnout, or until a catas

to be applied
rophic failure

28.1.5 Whqg
set for the op

n the unit provides for selection.of several operating modes, during the tests the¢ unit shall be

eration mode that normally weuld require the maximum current consumption.

se of this test
hest available

28.1.6 In the case where a device under test employs field-renewable fuses, for the purpo
these fuses gre to be replaced with a fuse of the size fitting the fuseholder but having the hig
current rating.

28.2 Components test

28.21 Co
of flame or
Following th
comply with requirements

hout evidence
cheesecloth.
speaker shall

ponents within a speaker assembly shall withstand shorting of the voice coil wit
olten metal. During and following this test, there shall be no ignition of the

in Section 23, Dielectric Voltage-Withstand Test.

28.2.2 During this test, the input to the speaker assembly shall be connected as shown in Figure 19.1.
The pink noise source is to be bandpass filtered as specified by the manufacturer or between 400 —
4000 Hz, whichever is greater, at 24 decibels per octave with Butterworth filter response characteristics,
and having a peak to RMS voltage ratio between 1.8 — 2.2. The RMS voltage to the speaker assembly is to
be increased to 130 % of the rated voltage value. The speaker is to be covered with a single layer of
cheesecloth and then operated continuously with the voice coil shorted until constant temperatures are
attained or until burnout occurs. Circuit-protection devices are permitted to operate during this test.

28.2.3 During this test, when any component exceeds its temperature rating (see Table 22.1), the short
across the speaker voice coil is to be removed and the AC Abnormal Operation Test contained in
Recommended Loudspeaker Safety Practices, CTA-CEB19, is to be conducted. During and following the
AC Abnormal Operation Test, there shall be no ignition of the cheesecloth.
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28.2.4 Compliance of the speaker transducer shall be determined with the DC Overload Abnormal Test
requirements in CTA-CEB 19. There shall be no ignition of the cheesecloth.

28.3 Speakers with multiple input voltages

28.3.1 Speakers with multiple input voltages shall withstand the misapplication of a higher voltage on a
lower voltage tap without risk of fire or shock.

28.3.2 To determine compliance with 28.3.1, the speaker is to be mounted as described in 28.1.2 —
28.1.5. For each input voltage, the highest voltage rating shall be applied to each of the other lower
voltage taps. The signal applied shall be band limited pink noise as described in 18.12. When supplied

with mu|t|p|e ol |fp| it \nlaﬂ'agn fgpe’ the maximum. \AlgHggn fgp shall be selacted

28.4 Compliance

28.4.1 The gpeaker shall be considered in compliance with the tests described"in this sectjon when the
following requirements are met:

a) No pmission of flame or molten metal shall result from the ignition_of the cheesecloth;
b) Thg maximum external enclosure temperature shall not exceed 90 °C (194 °F);

c) No exposure of energized uninsulated parts at potentiallabove 30 V after the input t¢ the speaker
has bgen reduced to rated voltage; and

d) Thg requirements of Section 23, Dielectric Voltage-Withstand.

29 Component Stress

29.1 The stress level of a component shall“not exceed 90 % of its rated voltage The oltage drop
developed adross each component is to be measured, and the stress level is to be obtained by dividing
measured voltage by the rated voltageofithe component.

29.2 If the stress level of the tomponent exceeds 90 % of its rated voltage, the compompent shall be
examined to determine whether/open-circuit or short-circuit conditions introduce a risk of fire or electric
shock.

29.3 To det¢rmine compliance with 29.2 the product is to be conditioned as follows:

a) Engrgized from maximum rated voltage;

b) Any interchangeable fuse replaced with a fuse of the highest available current rating which fits
the fuseholder;

c) The appliance covered with a single layer of bleached cheesecloth fabricated at 26 — 28 m?/kg
(14 — 15 sq yd/Ib) and having a thread count of 32 by 28, loosely draped over the product; and

d) The enclosure, when of metal, connected to ground through a fuse rated to correspond to the
input rating of the appliance.

First, an open, and then a short-circuit, are to be individually applied to the component. Each fault
condition is to be maintained until ultimate conditions are reached as determined by constant

temperatures or burnout.

29.4 A product complies with 29.2 if, immediately following the test:
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a) There is no burning of the cheesecloth;

b) The fuse from the enclosure to ground does not open;

c) The speaker complies with Section 23, Dielectric Voltage-Withstand Test.

29.5 The supervisory component of a speaker intended for fire alarm or emergency warning systems
(such as a DC blocking capacitor or solid-state device) capable of being affected by aging, shall operate
as intended following the test described in 29.6 below.

29.6 The combination supervisory component/speaker assembly is to be connected to the rated
supervisory voltage and frequency as specified by the manufacturer, and placed in a circulating air oven

adjusted to
the output sq
output sound

Exception: S
required to b

30 Jarring

30.1 A spe
without dislo

operation. The device shall be mounted in the position of .intended use. A speaker intend

ceiling moun

30.2 Onein
device driver

a)Un
b) Ink
c) Da

NOTE: Falling g
are not exposed

30.3 Thes
mm (72 in by
Figure 30.1.

°C (170 °F) for 7 days. Upon completion of the exposure, the samples shall-bg
und pressure level test specified in 20.2, and shall not be reduced more than
pressure level before testing.

Lipervisory Components rated for temperatures equal to or higher than 77 °C (1
b subjected to the tests above.

aker shall withstand jarring resulting from impactiahticipated in the intende
ilgement of any parts, including covers or grills, anddwithout impairing its subseq

ing shall be tested in the wall-mounted position:

hpact is to be applied with the speakerde-energized and one impact is to be ap
at rated voltage. The impacts shallnet result in:

ntended operation;
ibition of intended operation; and

Mage that exposes high:voltage un-insulated current carrying parts.

ff of the sample's cover shall be permitted only when parts operating at a potential greater than 30
operation is notiaffected, and the cover can be replaced as intended.

peaker. shall be mounted in the position of intended use to the center of a 1800
48.in), 19 mm (3/4 in) thick plywood board which is secured in place at the four
A.105 mm (4 in) square steel plate, 3.2 mm (1/8 in) thick, shall be rigidly secured

b subjected to
B dB from the

V0 °F) are not

d application
uent intended
ed for wall or

plied with the

Vac or 42.4 Vdc

mm by 1200
corners. See
to the center

of the reverse side of the board. A 4.08 J Impact I1s t0 be applied 1o the center of the steel plate by means
of a 540 g (19 0z), 50 mm (2 in) diameter steel sphere which is either:

a) Swung through a pendulum arc from a height (h) of 775 mm (30.5 in) in order to apply 4.08 J (3
ft-Ib) of energy; or

b) Dropped from a height (h) of 775 mm (30.5 in) to apply 4.08 J (3 ft-Ib) energy depending upon

the m

ounting of the equipment.
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Figure 30.1

Jarring Test

Steel Sphere

30.4 Follow
to Section 31

31 Vibratio

31.1 A sped
of any conditi

31.2 The s3
service to a 1
shall be sec

N - — — —— ——— -

Product Under Test

A

(1)
Test Method For Unit
Intended to be Mounted
Vertically

FErrrrrrrrrg

(2)
Test Method For Unit
Intendéd to be Mounted
Horizontally

aua

su1889

ng the jarring, the speaker shall-be examined for dislodgement of parts and th
Vibration Test.

ker shall withstandvibration without breakage or damage to parts, and without
bn, which would impair its intended operation.

mple Used in the jarring test, in the de-energized state, shall be mounted
9 mm\(3/4 in) thick fir plywood sheet, 460 mm by 460 mm (18.1 by 18.1 in), W
irely “fastened to a variable speed vibration machine having an amplitude

en subjected

development

as in normal
hich, in turn,
of 0.25 mm

(0.009 in). A

speaker intended fTor wall or celling mounting shall be tested In the wall-mour

ted position.

The frequency of vibration shall be varied from 10 Hz to 35 Hz until resonance is obtained. The sample
shall then be vibrated at the resonant frequency for 15 min. If no resonance is obtained, the sample shall
be vibrated at 35 Hz for 4 h.

31.3 For these tests, amplitude is defined as the maximum displacement for sinusoidal motion from a
position of rest, or 50 % of the total table displacement. Resonant frequency is defined as the maximum

magnification

of the applied vibration.

31.4 Following vibration, the sample shall be examined for dislodgment of parts and shall comply with
the following without replacement of parts:

a) The speaker sound pressure level shall not be reduced more than 3 dB from the output sound
pressure level prior to the testin 31.2; and


https://ulnorm.com/api/?name=UL 1480 2023.pdf

MAY 26, 2023

CAN/ULC 541:2023 ¢+ ANSI/UL 1480

57

b) Dielectric withstand test in accordance with Section 23, Dielectric Voltage-Withstand.

32 Strain Relief

32.1

Each lead used for field connections or an internal lead subjected to movement or handling during

installation and servicing shall be capable of withstanding for 1 min. a pull of 44.5 N (10 Ib-f) without any
evidence of damage or of transmitting the stress to internal connections.

32.2 A cord provided for field wiring shall withstand for 1 min a 156 N (35 Ib-f) without any evidence of

damage, ort

ransmittal of the stress, to internal connections.

v Svenr

ble of occurring:

wing is capa

insulation of the cord being subjected to temperatures or voltages' above

stied inside the

the assigned

cord coming into contact with sharp or moving parts capable of damaging the insulation of

brd or affecting the performance of a fire or emergency warning\speaker; or

¢ cord displacing a part, resulting in a reduction of spacing:

32.4 To defermine compliance with 32.3, the supply cord or l€ad is to be held 25.4 mm (

point where
removable b

he cord or lead emerges from the product and.then pushed back into the pro
Lishing which extends further than 25.4 mm (1\in) is present, it is to be remove

test. When the bushing is an integral part of the cord, the“test is to be carried out by holding

The cord or |
or the force t

33 Corrosi

33.1 Gene
33.1.1 The
specified in |
Indoor Corro
following exp

33.1.2 Fou
tested for ou

Sulphide, 33:

pad is to be pushed back into the product in 25.4 mm (1 in) increments until the
b push the cord into the product exceeds 26.7 N (6 Ib-f).

jon Tests

al

performance of a-speaker shall not be adversely affected following exposur
B3.2, Hydrogen~Sulphide, and 33.3, Sulphur Dioxide — Carbon Dioxide, or 33,

sion Test (21-day). Speakers intended for outdoor-use shall also not be adve
osure to thetest specified in Salt Spray, 33.4.

1 in) from the
duct. When a
d prior to the
the bushing.
cord buckles

b to the tests
5, Alternative
rsely affected

bles are to be

as-received samples are to be tested for indoor-use and six as-received sam
door<use. Two samples are to be subjected to the corrosion conditions specifie

in Hydrogen
d in Sulphur

Dioxide — Carbon Dioxide, 33.3. Two speakers intended for outdoor-use shall also be subjected to a salt
spray specified in Salt Spray, 33.4. The exposures shall be with the sample in the de-energized state.

33.1.3 Following exposure to the environment, the sample shall be allowed to stabilize to room
conditions and then shall comply with the following:

a) Section 23, Dielectric Voltage-Withstand;

b) The speaker output sound pressure level shall not be reduced more than 3 dB from the output
sound pressure level prior to the exposure of 33.1.1; and

c) A wireless notification appliance shall not be reduced in performance when tested in accordance
with 50.3 (wireless systems) following each exposure.
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33.2 Hydrogen sulphide

33.2.1 The test samples are to be supported vertically for 10 d in a closed chamber having openings for
gas inlet and outlet. The chamber is to be maintained at room temperature during the test.

33.2.2 For an indoor-use speaker, two samples are to be exposed to a moist hydrogen sulphide-air
mixture in a closed glass chamber as described in 33.2.1. The hydrogen sulphide is to be supplied to the
test chamber from a commercial cylinder containing this gas under pressure. On the first through fourth,
and seventh through tenth days, an amount of hydrogen sulphide equivalent to 0.1 % of the volume of the
chamber is to be introduced into the chamber from a commercial gas cylinder, and the volume required is
to be measured with a flow meter and stopwatch. Prior to each introduction of gas, the remaining gas-air

mixture from

he previous day is to be thoroughly purged from the chamber. On the fifth an

sixth day of

the exposure
During the e
located in the
volume) is to

33.2.3 For &n outdoor-use speaker, two samples are to be exposed to a moist hydroger

mixture in a @
test chamber

and seventh fhrough tenth days, an amount of hydrogen sulphide equivalent to 1.0 % of the

chamber is td
to be measur
mixture from
the exposure
During the e
located in the
volume) to beg

33.3 Sulph

33.3.1
gas inlet and

33.3.2 For
dioxide-air m
dioxide are t
pressure. O
equivalent to
the volume
chamber is t

The fest samples are to be supported vertically for 10 d in a closed chamber having

the chamber is to remain closed and no purging or introduction of gas is tob
posure, the gas-air mixture is to be gently stirred by means of a smalkmot
upper-middle portion of the chamber. A small amount of water (10ml/0.003 m
be maintained at the bottom of the chamber for humidity.

losed glass chamber as described in 33.2.1. The hydrogen-sulphide is to be sU
from a commercial cylinder containing this gas under pressure. On the first th

be introduced into the chamber from a commercialgas cylinder, and the volun
ed with a flow meter and stopwatch. Prior to each‘introduction of gas, the rema
the previous day is to be thoroughly purged from»the chamber. On the fifth ang
the chamber is to remain closed and no purging or introduction of gas is to b
posure, the gas-air mixture is to be genily stirred by means of a small mot
upper-middle portion of the chamber. A small amount of water (10ml/0.003 m
maintained at the bottom of the chamber for humidity.

ir dioxide — carbon dioxide

butlet. The chamber is to be maintained at room temperature during the test.

n indoor-use speaker, two samples are to be exposed to a moist carbon dig
xture in a closed glass chamber as described in 33.3.1. The sulphur dioxide
be supplied to the test chamber from commercial cylinders containing these
the first)through fourth, and seventh through tenth days, an amount of cg
.0.% of the volume of the chamber, plus an amount of sulphur dioxide equivale
the“chamber, is to be introduced. On the fifth and sixth day of the exposur|

e conducted.
pr-driven fan
B of chamber

sulphide-air
pplied to the
rough fourth,
olume of the
e required is
ining gas-air
sixth day of
e conducted.
pr-driven fan
B of chamber

openings for

xide-sulphur
and carbon
gases under
rbon dioxide
htto 0.5 % of
e period, the

all amount of

water (10 ml/0.003 m® of chamber volume) is to be maintained at the bottom of the chamber for humidity.

33.3.3 For an outdoor-use speaker, two samples are to be exposed to a moist carbon dioxide-sulphur
dioxide-air mixture in a closed glass chamber as described in 33.3.1. The sulphur dioxide and carbon
dioxide are to be supplied to the test chamber from commercial cylinders containing these gases under
pressure. On the first through fourth, and seventh through tenth days, an amount of carbon dioxide
equivalent to 1.0 % of the volume of the chamber, plus an amount of sulphur dioxide equivalent to 1.0 % of
the volume of the chamber, is to be introduced. On the fifth and sixth day of the exposure period, the
chamber is to remain closed and no purging or introduction of gas is to be conducted. A small amount of
water (10 ml/0.003 m? of chamber volume) is to be maintained at the bottom of the chamber for humidity.
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33.4 Salt spray

33.4.1

For an outdoor-use speaker, each sample is to be subjected to salt-spray (fog) for 240 h in

accordance with ASTM B117, except that the salt solution is to consist of 5 % by weight of common salt
(sodium chloride) and distilled water. The pH of the collected solution is to be between 6.7 — 7.2, with a

specific gravi

ty between 1.0255 and 1.0400 at 25 °C (77 °F).

33.5 Alternative indoor corrosion test (21-day)

33.5.1

Test in 33.2 and 33.3.

The 21-day corrosion test outlined in 33.5.2 — 33.5.4 may be conducted in lieu of the Corrosion

33.5.2 Two
mm (2 in) aj
12 °C (86 £3
and humidity
thermometer

33.5.3 The
air exchange
(parts per bi
200 +50 ppb
flow upwards

33.5.4 Follpwing exposure to the environment, the.'sample shall be allowed to stab)

conditions ar
34 Water §

341 Aspe
be free from
intended for
seepage, n¢g
exception de|

342 Anen
before the af

34.3 An A-

samples are to be placed in a 200 L or larger test chamber on a platform appro
ove the bottom of the chamber. The temperature in the chamber shall beyma
°F) and the relative humidity at 70 +2 % (measured directly in the chamber). Thg
are to be checked daily. Because of the corrosive atmosphere aCset of wet
s shall be used for measurement of relative humidity.

following gas mixture in air is to be supplied to the chamberat a rate sufficient
in the chamber of about five times/h, for a period of 3 weeks: 100 £10 parts ps

nitrogen dioxide (NO,). The air inside the chamberis to be circulated by a si
from the bottom.

d then shall comply with 33.1.3.

pray

bker intended for outdoor-use or use in a wet environment shall operate as inten
shock exposure during and after exposure to water spray for 1 h. An outdoo
mounting in such a manner and location that it would not be exposed to

ed not be subjected\to this test providing the speaker is appropriately ma
failed in the manufacturer’s published instructions.

Closure constructed from a polymeric material shall be conditioned for 7 h at 7
plication-Of water spray.

veighted sound output shall be conducted, following conditioning (if applicable

ximately 50.8
ntained at 30
e temperature
and dry bulb

to achieve an
r billion (ppb)

lion = parts per 109 by volume) hydrogen sulfide (H5S) plus 20 £5 ppb chlofine (Cl,) plus

ngle fan, with

lize to room

ded and shall

-use speaker

rain or water
rked and the

D °C (158 °F)

), prior to the

application

f water spray. The measurement shall be conducted in a sound room or ot

her controlled

environment.

34.4 The speaker shall be mounted in accordance with the manufacturer’s published instructions to
simulate an installation as in normal service and shall be complete with external wiring and conduit
connection. The orientation of the assembly shall be one permitted by the manufacturer’s published
instructions which would most likely result in the entrance of water into the enclosure or affect the
operation of the speaker.

34.5 The water test apparatus is to consist of three spray heads mounted in a water supply rack as
shown in Figure 34.1. Spray heads are to be constructed in accordance with Figure 34.2. The water
pressure for all tests is to be maintained at 35 kPa at each spray head. The distance between the center
nozzle and the speaker is to be approximately 1 m. The speaker is to be brought into the focal area of the
three spray heads in such position and under such conditions that the greatest quantity of water will enter
the speaker enclosure or other parts of the assembly where the presence of water would impair the
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speaker operation. The spray is to be directed at an angle of 45° to the vertical toward openings closest to
live and operational parts.

Figure 34.1
Water Spray-Head Piping
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Figure 34.2
Water Spray Head
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su1628
mm (in) mm (in) mm (in) mm (in)
152 (6) 31 (1.22) 22.23 (0.87) 16 (0.63)
14.73 (0.580) 14.68 (0.578) 14.63 (0.576) 14.61 (0.575)
14 (9/16) 11.53 (0.454) 11.51 (0.453) 11 (7/16)
6.35 (1/4) 5 (0.20) 3.97 (5/32) 2.79 (0.11)
2.49 (0.098) 2.38 (3/32) 0.80 (1/32) 0.40 (0.015)
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34.6 The test set-up shall be arranged so that the speaker shall be driven at maximum input power
before the application of the water spray.

34.7 The speaker shall be driven at maximum input power for 5 min immediately before the water spray
application.

34.8 The speaker shall be subjected for 1 h of water spray. The speaker shall not be powered during the
test.

34.9 The speaker shall be removed from test set-up and subjected to a dielectric voltage-withstand test
in accordance with Section 23, Dielectric Voltage-Withstand, within 5 min following the water spray
application.

34.10 Immediately following the Dielectric Voltage-Withstand the speaker shall(be” driven at the
maximum ingut power for 5 min, and then the A-weighted sound pressure level-shall be Imeasured in
accordance with 34.3.

34.11 The speaker shall be considered in compliance with this test when,the following reqdirements are
met:

a) The device output sound pressure level shall not be reduced more than 3 dB from the output
sound|pressure level prior to the water spray application;

b) No Hielectric breakdown as tested per 34.9; and

c) There shall be no signs of water in the enclosure capable of wetting uninsulajed electrical
components.

35 Polarity|Reversal

35.1 A speaker with a circuit intended o' be connected in a specific polarity, such as a pattery, shall
operate as infended after being connécted to each polarity of the supply source at the voltage indicated.
The reversed polarity is to be applied for at least 1 h, and then the signal silence mechanism is to be
connected to ja source of supply.having the correct polarity.

35.2 The test shall not:
a) Cause unintended operation;

b) Inhibitsintended operation;

c) Damage any part; and

d) Adversely affect subsequent normal operation.

35.3 Before and at the end of the test, the speaker is to be subjected to the output sound pressure level
requirements in 20.2.

36 Electric Shock Current

36.1 Any part that is exposed only during operator servicing shall not present a risk of electric shock. A
shock hazard from contact with a live part is considered to exist if the open circuit potential of the part to
earth ground or any other exposed accessible part exceeds 42.4 V (peak) and the available current or
stored energy exceeds the values specified in 36.2, 36.3 and 36.5.
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36.2 The continuous current flow through a 500 Q resistor connected between the part and earth ground
or any other exposed accessible part shall not exceed the values specified in Table 36.1.

Table 36.1
Maximum Acceptable Continuous Current
Frequency Maximum acceptable current through a 500 Q resistor
(Hz)? (mA) Peak
0-100 7.1
500 9.4
4806 446
2000 14.1
3000 17.3
4000 19.6
5000 22.0
6000 25.1
7000 or more 275
2 Linear interpglation between adjacent values may be used to determine the maximum accéptable current corresppnding to
frequencies ngt shown. The Table applies to repetitive nonsinusoidal or sinusoidal waveforms.

36.3 The dyration of a transient current flowing through a 500 @ resistor connected betweep the part and
earth ground|or other exposed accessible part shall not exceed the following:

a) The value determined by the following equation:
1.43
202
"=

wherg:
| =The peak currentin milliamperes; and

T =The intérval, in seconds, between the time that the instantaneous value [of the current
first exceeds.7.1 mA and the time that the current falls below 7.1 mA for the last time; or

b) 809 mA, regardless of duration.

36.4 The interval between occurrences shall be equal to or greater than 60 s if the current is repetitive.
Typical calculated values are shown in 1able 36.2.

Table 36.2
Maximum Acceptable Transient Current Duration

Maximum peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containing excursions
amperes greater than 7.1 milliamperes peak
71 722s
8.5 5.58
10.0 4.42
12.5 3.21

Table 36.2 Continued on Next Page
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Table 36.2 Continued

Maximum peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containing excursions
amperes greater than 7.1 milliamperes peak
15.0 248
17.5 1.99
20.0 1.64
225 1.39
25.0 1.19
30.0 919 milliseconds
40.0 609
0.0 443
60.0 341
70.0 274
80.0 226
90.0 191
100.0 164
150.0 92
200.0 61
250.0 44
300.0 34
350.0 27
400.0 23
450.0 19
500.0 16
600.0 13
700.0 10
809.0 8.3
36.5 The maximum capacitance betwéen the accessible terminals of the capacitor shall ngt exceed the
values given by the following equations:
88,400
- — 0 for 42.4 < E < 400
E"$3(LnE - 1.26)
or
C =35288E 7" for 400 < E <1000
where:

C = The maximum capacitance of the capacitor in microfarads, and

E = The potential in volts across the capacitor prior to discharge. E is to be measured 5 s after the
capacitor terminals are made accessible, such as by the removal or opening of an interlocked
cover, or the like.

36.6 Typical calculated values of maximum capacitance are shown in Table 36.3.
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Table 36.3
Electric Shock — Stored Energy

Potential in volts, across capacitance prior to discharge Maximum capacitance in microfarads

1000 0.868

900 1.02

800 1.22

700 1.50

600 1.90

500 2.52

400 3.55

380 3.86

360 4.22

340 4.64

320 5.13

300 5.71

280 6.40

260 7.24

240 8.27

220 9.56

200 1.2

180 13.4

160 16.3

140 20.5

120 26.7

100 36.5

90 43.8

80 53.8

70 68.0

60 89.4

50 124

45 150

42.4 169
36.7 With feferengéto the requirements of 36.2 and 36.3, the current is to be measufed while the
resistor is copnneceted between ground and each accessible part individually, and all acgessible parts
collectively, if thesparts are simultaneously accessible. The current also is to be measufred while the
resistor is cohrnected-between-onepartorgroup-of parts-and-anotherpart orgroup-of partsif the parts are

simultaneously accessible.

36.8 With reference to the requirements of 36.7, parts are considered to be simultaneously accessible if
they can be contacted by one or both hands of a person at the same time. For the purpose of these
requirements, one hand is considered to be able to contact parts simultaneously if the parts are within a
100 by 200 mm (4 by 8 in) rectangle; and two hands of a person are considered to be able to contact parts
simultaneously if the parts are not more than 1800 mm (71 in) apart.

36.9 Electric shock current refers to all currents, including capacitively coupled currents.

36.10 If the speaker has a direct-current rating, measurements are to be made with the audible signaling
device connected in turn to each side of a 3-wire, direct current supply circuit.
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36.11 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 plug-in device, separable
connector, or similar component in place. These measurements are to be made with controls placed in the
position that causes maximum current flow.

36.12 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 maximum resistance of
5.2 MQ, a minimum wattage rating of 1/2 W, and shall be effective with the power switch in either the on or
off position.

Exception: The conductive connection is not required to be provided if such a connection is established in

the event of

lectrical breakdown of the antenna isolating means, the breakdown does not r

sult in a risk

of electric sh
conductive cq

bck and, in a construction employing an isolating power transformer, the resi
nnection between the supply circuit and chassis does not exceed 5.2 MQ.

36.13 The maximum value of 5.2 MQ specified in 36.12 is to include the maximum tole

resistor value
10 % toleran
complies with

37 Tests or

37.1 Gener,

3711
enclosure of
37.3and 374

371.2 Asp

a)Ind

used; that is, a resistor rated 4.2 MQ with 20 % tolerance or a resistor rated 4
Ce is acceptable. A component comprised of a capacitor with a built-in shunt
the requirements of CSA C22.2 No. 1 or UL 60384, may be rated a minimum of

Polymeric (Plastic) Materials

Al

Polymeric materials used for the sole support-6f’current-carrying parts, or for all

h speaker, shall be subjected to the tests'in 37.2, Air-Oven Aging (Temperature
. Where possible, a complete speaker;shall be used.

baker molded from polymeric material rated Flammability class 5VA in accordan

anada only: CSA C22.2 No..0.17.

b) In the United States only; UL 94.

is considered
37.2 Air-ov

37.2.1 Ther
current carryi

to comply withthetequirements of 37.3 and 37.4 without the necessity of furthe
bn aging test (temperature)

b shall not be warping that impairs intended operation; exposes high-voltags
ng.parts or affect the enclosures environmental integrity when representative

stance of the

rance of the
L7 MQ with a
resistor that
1/4 W.

br part of an
) and Flame,

te with:

F tests.

uninsulated
samples of a

polymeric material are aged as described in 37.2.2.

37.2.2 At least three representative samples shall be mounted on supports in an air circulating oven
maintained at 90 £2 °C (194 °F) for 7 d or at 70 +2 °C (158 °F) for 28 d. Following the aging period, the
sample shall then be removed from the oven and permitted to cool to room temperature before being
examined as described in 9.6.7 for any distortion which exposes high-voltage uninsulated current carrying
parts. Falling off of the sample's cover shall be permitted only when parts operating at a potential greater
than 30 Vac or 42.4 Vdc are not exposed, operation is not affected, and the cover can be replaced as
intended. Gaskets on samples intended for outdoor use shall be visually examined for evidence of
deterioration such as cracking, shrinkage, distortion, or similar deterioration to an extent that it affects the
integrity of the seal. If visual evidence exists, a sample shall be subjected to Section 34, Water Spray Test
following the sound level measurements in 20.2. Where the conditioning process has damaged electronic
components, it is permissible to replace them.
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37.2.3 The output sound pressure level shall not be reduced more than 3 dB from the output sound
pressure level prior to the test above.

37.3 Flame test— 19 mm (3/4 in)

37.3.1 When tested in accordance with 37.3.2 — 37.3.6, a polymeric (plastic) material employed as part
of an speaker rated 30 Vac (42.4 V DC or AC peak) or less and used for the sole support of current-
carrying parts or as an enclosure shall not flame for more than 1 min after two 30 s applications of a test
flame, with an interval of 1 min between applications of the flame. The sample shall not be completely

consumed.

37.3.2 Thr

air oven ma
temperature
in any case.
minimum of 4

Exception: U

a) Th
term

b) Th
equa

37.3.3 Thrg
performance
location. Nor
the equipme
judged as c3g
be tested wit

Exception: U

a) Th
term

b) Th
equa

ntained at a uniform temperature not less than 10 °C (18 °F) higher than-i
pf the material measured under normal operating conditions, and not lessthan 1
The samples are to remain in the oven for 7 days. After cooling to room tem
| h, the samples are to be tested as described in 37.3.3 — 37.3.6.

nconditioned test samples may be used when both of the following conditions ar

e material does not exhibit a reduction in its flame-resistahce properties as a
hermal aging; and

b thermal-aging program used for such determination included specimens havirn
to or less than the wall thickness of the polymeric.part.

e samples of the part are to be subjected to the Flame Test described in |

=y egmplne of-the =Yall ||pmnn+ are to be conditioned hy rr\lgﬁlng them-in-aforced-draft C|rcu|at|ng

he maximum
0 °C (158 °F)
berature for a

e met:

result of long-

g a thickness

87.3.5. In the

of the test, the equipment is to be supported in its normal operating position
polymeric portions are not to be remaved and insofar as possible, the internal
nt is to be in place. The flame is to be applied to an inside surface of the sampl
pable of becoming ignited because of its proximity to a source of ignition. Eac
n the flame applied to a different location.

nconditioned test samples may be used when both of the following conditions arn

e material does-not exhibit a reduction in its flame-resistance properties as a
hermal aging, and

b thermal=dging program used for such determination included specimens havir
to or less'than the wall thickness of the polymeric part.

37.3.4  With

%

n a draft free
echanism of
at a location
sample is to

e met:

result of long-

g a thickness

to be those

reference to 37.3.3, the sections judged capable of becoming ignited arg

adjacent to coil windings, splices, open-type switches, or arcing parts.

37.3.5 The flame of a Bunsen or Tirrill burner having a tube with a length of 100 £10 mm (3.94 £0.39 in)
and an inside diameter of 9.5 +0.3 mm (0.374 +0.12 in) is to be adjusted to have a 19 mm (3/4 in) height of
yellow flame with no blue cone. Two 30 second applications of the tip of the flame are to be made to each
section of the equipment specified as indicated above, with 1 min intervals between the applications. A
supply of technical-grade methane gas (minimum 98 % pure) is to be used with a regulator and meter for
uniform gas flow.

Exception: Natural gas having a heat content of 37 MJ/m® (1000 Btu/ft®) at 23 °C (73 °F) has been found to
provide similar results and is appropriate for use.

37.3.6 When one sample from a set of three does not comply with 37.3.1, an additional set of three
samples shall be tested. All samples from the second set shall comply with 37.3.1.


https://ulnorm.com/api/?name=UL 1480 2023.pdf

68 CAN/ULC 541:2023 + ANSI/UL 1480 MAY 26, 2023
37.4 Flame test— 127 mm (5in)
37.4.1 When tested in accordance with 37.4.2 — 37.4.6, a plastic material employed as part of an

speaker rated greater than 30 Vac (42.4 V DC or AC peak) and used for the sole support of current-
carrying parts or as an enclosure all of the following results shall be obtained:

a) The material shall not continue to burn for more than 1 min after the fifth 5 s application of the
test flame, with an interval of 5 s between applications of the flame;

b) Flaming drops or flaming or glowing particles that ignite surgical cotton 305 mm (12 in) below the
test specimen shall not be emitted by the test sample at any time during the test; and

c) Th
integri

37.4.2 Thre
subjected to

influence the
days at 10 °Q
case. Prior tg
+3.6 °F) and

location judge
than one part
location.

4 H | laall + L <l 4 P tlo £ tlo 4 4 £l 4 o
miatcriarl oridir 11Ut T UUDLIUYUU nmr ure darca Ul UIC (Col 11allTic (U oSuull dil T

by of the part is affected with regard to containment of fire or exposure of high,vo

b samples of the complete equipment or three test specimens of the.molded
his test. Consideration is to be given to leaving in place componéents and oth

tent that the
tage parts.

part shall be
er parts that

performance. The test samples are to be conditioned in a full draft’circulating air oven for 7

(18 °F) greater than the maximum use temperature and not less than 70 °C (1
testing, the samples are to be conditioned for a minimum.of 40 h at 23.0 4
b0 +5 % relative humidity. The flame is to be applied to anyinside surface of the
d as capable of becoming ignited because of its proximity to a source of ignition
is near a source of ignition, each sample is to be tested with the flame applied

Exception: Unconditioned test samples may be used wheh’both of the following conditions are

a) The
term t

b) The
equal

37.4.3 The
testis to be r
for the unsuc

3744 The
diameter of 9
so that when
tube is not to

material does not exhibit a reductiondin its flame-resistance properties as a r
permal aging; and

thermal-aging program used forsuch determination included specimens havin
fo or less than the wall thickiiess of the polymeric part.

hree samples shall perform as described in 37.4.1. When one sample does no
bpeated on a set ofthree new samples with the flame applied under the same
tessful sample. AAllthe new specimens shall comply with 37.4.1.

Bunsen ar Tirrill burner with a tube length of 100 £10 mm (3.94 £0.39 in), a
5 +0.3.mm (0.374 £0.12 in), is to be placed remote from the specimen, ignited,
the burner flame is 127 mm (5 in), the height of the inner blue cone is 38 mm (
be equipped with end attachments, such as stabilizers.

58 °F) in any
2.0 °C (734

sample at a
. When more
to a different

b met:

bsult of long-

§ a thickness

t comply, the
conditions as

nd an inside
and adjusted
-1/2 in). The

37.45 When a complete enclosure is used to conduct the flame test, the sample is to be mounted as
intended in service, as long as it does not impair the flame testing, in a draft-free test chamber, enclosure,
or laboratory hood. A layer of surgical cotton is to be located 305 mm (12 in) below the point of application
of the test flame. The 127 mm (5 in) flame is to be applied to any portion of the interior of the part judged
as capable of being ignited (by its proximity to live or arcing parts, coils, wiring, or other possible sources
of ignition) at an angle of 20° from the vertical so that the tip of the blue cone touches the specimen. The
test flame is to be applied to three different locations on each of the three samples tested. A supply of
technical-grade methane gas (minimum 98 % pure) is to be used with a regulator and meter for uniform
gas flow.

Exception No. 1: The flame shall be applied to the outside of an enclosure when the equipment is of the
encapsulated type, or of a size that prohibits the flame being applied inside.
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Exception No. 2: Natural gas having a heat content of 37 MJ/m> (1000 Btu/ft®) at 23 °C (73 °F) has been
found to provide similar results and is appropriate for use.

37.4.6 The flame is to be applied for 5 s and removed for 5 s. The operation is to be repeated until the
specimen has been subjected to five applications of the test flame.

37.5 Ultraviolet light and water exposure test

37.5.1

The polymeric enclosure of a high-voltage speaker intended for outdoor use shall not show visible

signs of deterioration, such as crazing, cracking, or dimensional change after being subjected to the
Ultraviolet Light Exposure Test and Water Exposure and Immersion Test in accordance with the following

standards:

a)ln

b) In the United States only: UL 746C.

37.5.2 Ang
CSA C22.2 1]
the necessity

37.5.3 Sam
change shall

38 Mechar

38.1 A spe
sufficient me

38.2 A sam
shall be gra
hemisphere
or electric sh

38.3 A san
impacts of 7
diameter, wif

Canada only: CSA C22.2 No. 0.17.

utdoor-use speaker molded from polymeric material rated class f1 or f2, in ac
No. 0.17 and UL 746C is considered to comply with the requirements of this s
of further tests.

ples that show visible signs of deterioration, such )as crazing, cracking, o
be subjected to the tests described in Section 34, Water Spray.

ical Strength Tests for Enclosures

bker enclosure assembly, including a-grille and/or exposed horn, as applicabl
Chanical strength to withstand abuseanticipated in shipping, installation and sen

ple shall be mounted in accordance with the installation instructions. A push f
Hually applied and maintained for 1 min by means of a 12.7 mm (1/2 in) d
o the external surface most likely to impair the operation of the device or creat
DbCk.

ple shall be mounted in accordance with the installation instructions and Figur
J (5 foot pounds) shall be applied by means of a solid, smooth, steel sphere 5
h a mass.of 540 g (1.19 Ibs). The sphere shall either be dropped from a su

(usually 13

0
arc from a sjfficient height to apply an impact force of 7 J of energy to the external surface

impair the operation of the device, or create a risk of fire or electric shock.

mm from the bottom of the ball to the surface to be impacted) or swung throug

tordance with
pction without

dimensional

e, shall be of
ice.

pbrce of 110 N
iameter steel
B a risk of fire
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Figure 38.1
Mechanical Strength Tests for Enclosures
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38.4 When the speaker is intended for indoor use, the impacts specified in 38.3 are to be ponducted at

room temperature. When the device is intended for outdoor use, the impacts are to be condu

units have be

Note: For 38.2 {
prohibited to use

385 Asar
impairment of

38.6 A benq

en conditioned at -40 °C((=40 °F) for 3 h.

hrough 38.4, unless specified, the same sample may be reused for each of the above applied
a different sample for the application of each force in 38.2 and 38.3.

bsult of theStests specified in 38.2 through 38.4, there shall be no exposure
the operation of the speaker, or creation of a risk of electric shock.

ing.force created by a 3.0 m (118-7/64 in) minimum length of conduit of the i

shall be insta

led:

cted after the

forces. It is not

of live parts,

htended size

a)lna

hub or an opening if provided as part of the enclosure; or

b) If a hub or opening is not provided, in the center of the largest unreinforced surface intended for
the connection of conduit.

38.7 The enclosure shall be securely mounted as intended in service, but positioned so that the installed
conduit extends in a horizontal plane. The test shall be terminated once the deflection of the conduit end
exceeds 255 mm (10 in). If a weight is necessary to cause the conduit end to deflect, the test shall be
terminated once the deflection of the conduit end exceeds 255 mm (10 in) or once a bending moment of
33.9 N-m (300 Ib-in) is achieved. The magnitude of the weight shall be determined from the equation:

_(0.1M-05CL)
B L
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in which:

W is the weight to be hung at the end of the conduit;

L is the length of the conduit from the wall of the enclosure to the point at which the weight is
suspended;

C is the weight of the conduit; and

M is the bending moment required.

For the Sl system of units:

W is measured in kilograms;

Lism

C is measured in kilograms; and

Misi

For th

W s measured in pounds;

Lism

C is measured in pounds; and

Misi

38.8 Follow
from a sourc
permitted if i
used.

38.9 There
potential abg
application o
as a consequ
operating at
and the cove
accordance

easured in meters;

h Newton-meters.

e inch-pound system of units:

easured in inches;
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ing the application of each force;the speaker is to be examined for damage ¢
e of rated voltage and frequency'to check for intended operation. Cracking of th
I does not impair intended.operation, but is not when a dust- or moisture-tigh

shall be no reduction in electrical spacings, no exposure of uninsulated ener
ve 30 Vac (42.4 volts DC or AC peak), and no impairment of performance during
f the forces and impacts of 38.2. The integrity of the conduit termination shall n
ence of the-test of 38.2. Falling off of the sample's cover shall be permitted only,
greaterithan 30 Vac (42.4 volts DC or AC peak) are not exposed, operation is
r can'be replaced as intended. A dielectric withstand test of the sample shall be
vithy Section 23, Dielectric Voltage-Withstand. The output sound pressure levg

nd energized
b enclosure is
enclosure is

pized parts at
and after the
bt be reduced
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conducted in
| shall not be
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39

39.1

39.1.1

S tamn 3 0B from the output SouUNd pressure tevet prior to the testabove,

Interference from Radio Frequency and Electromagnetic Radiation

General

Frequency Response and Output Sound Pressure Level.

Prior to the tests specified below, the device is to be subjected to the test specified in Section 20,

39.1.2 Speakers shall not be adversely affected and shall operate as intended after being subjected to
the tests specified in:

a) 39.2, Extraneous Radio Frequency Transients;
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b) 39.3, Supply-Line Transients;
c) 39.4, Internally Induced Transients; and
d) 39.5, Signal-Line Transients.

39.2 Extraneous radio frequency transients

39.2.1 Speakers incorporating circuitry for functional interfacing with a control unit for purposes such as

supervision, point addressing, multiplexing, etc., shall be capable of withstanding extraneous transients

generated by

the equipment described in 39.2.2 and 39.2.3 without:

a) Cay
b) Inhi
c) Dar

d) Ady

39.2.2 Two
transients ge
distance is to

39.2.3 Five
voice messaq
MHz, and 91
5s'on'and 5
to be in the sa

a) Ant

b) Ant
39.1.

Sihg unintended operatiom;
biting intended operation;
haging any part; or

ersely affecting its subsequent normal operation.

speakers shall be energized from a source of rated voltage.and frequency and
nerated from transmitters located 300 mm (11.8 in) fram the speaker. The 300

Separate transmitter units shall be energized in-turn, each having a 5 W output (
jes and operating at the nominal frequencies (£2 %) of 27 MHz, 150 MHz, 4
D) MHz. A total of six energizations are to<be applied from each transmitter, five,
s 'off', followed by one consisting of a single 15 s energization. For this test, the
me room as the speaker under test.<The tests are to be performed with the:

bnna tip pointed directly at the speaker; and

bnna at right angles to the'direction (a) and centered on the signaling device. R¢

subjected to
mm (11.8 in)

be measured from the transmitter antenna to the nearest edge of the speaker under test.

sing random
b0 MHz, 866
to consist of
transmitter is

efer to Figure
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Figure 39.1

Extraneous Radio Frequency Transients
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300 mm (1.8 in)

£ Y I ~7 £
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/ TRANSMITTER

su0j86b
39.3 Supply-line transients

39.3.1 An ac-operated speaker rated.\at greater than 30 Vac shall operate as intended after being
subjected to fransients induced directlyinto the power supply circuit.

39.3.2 For this test, the speaker is to be connected to a transient generator capable of producing the
transients desscribed in 39.3( The output impedance of the transient generator is to be 50 Q.

39.3.3 Theltransients¢groduced are to be oscillatory at 100 kHz and are to have an initial p¢ak voltage of
6000 V. The fise time.is to be less than 0.5 ps. Successive peaks of the transient are to decay to a value of
not more thah 60, % of the value of the preceding peak.

39.3.4 The speaker is to be subjected to 500 transient pulses induced at a rate of 6 transients per min.
Each transient pulse is to be included 90° into the positive half of the 60 Hz cycle. A total of 250 pulses are
to be applied so that the polarity of the transients is positive with reference to earth ground, and the
remaining 250 pulses are to be negative with respect to earth ground.

39.4 Internally induced transients

39.4.1 The speaker is to be energized while connected to a rated source of supply, which is to be
interrupted for approximately 1 s at a rate of not more than 6 cycles/min for a total of 500 cycles.
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39.5 Signal-line transients

39.5.1 Speakers rated at less than 30 Vac (42.4 V DC or AC peak) intended to be connected to Signal-
line circuits of control units shall operate as intended after being subjected to transients induced into the
speaker.

39.5.2 For this test, each circuit is to be subjected to five different transient waveforms having peak
voltage levels in the range of 100 to 2400 V, as delivered into a 200 Q load. A transient waveform at
2400 V shall have a pulse rise time of 100 V/ps, a pulse duration of approximately 80 ys, and an energy
level of approximately 1.2 J. Other applied transients shall have peak voltages representative of the entire
range of 100 to 2400 V, with pulse durations from 80 to 110 s, and energy levels not less than 0.3 J or

greater than 1.2.J

39.5.3 The ppeaker is to be subjected to 60 transient pulses induced at the rate of six' p

follows:

a) Twenty pulses (two at each transient voltage level specified in 39.5.2) between ead
or terminal and earth ground, consisting of ten pulses of one polarity; and ten of

polari

b) Tw
leads

39.5.4 Follg
from the sour]

40 Evaluation of Conformal Coatings on Printed Wiring Boards

40.1 Evalua
and the com
flammability i
0.2 mm (0.00

40.2 Three
the conforma

(total of 40 pulses); and

nty pulses (two at each transient voltage level specified‘in 39.5.2) between a
pr terminals consisting of ten pulses of one polarity and ten of the opposite polar

wing the test in 39.5.3, the output sound pressurelevel shall not be reduced mc
d output pressure level prior to the test.

tion of conformal coatings shall be in compliance with UL 746E, and/or CSA C2
bination of the conformal coating and the printed wiring board shall be inv
n accordance with UL 94, and/or CSA C22.2 No. 0.17. The coating shall not
B in) thick.

coating, shall be subjected to Section 23, Dielectric Voltage-Withstand.

ulses/min as

h circuit lead
the opposite

hy two circuit
ty.

re than 3 dB

2.2 No. 0.17,
estigated for
be less than

samples of the printed wiring board without electrical components installed, and coated with

40.3 There ghall not be-peeling, crazing, chipping, or other visual evidence of deterioration pr separation
of the coating from.the board as a result of the conditioning. There shall be no indication gf a dielectric
breakdown.

41 Locked Rotor Test

411 General

41.1.1 This test shall be applied only to those devices having electrical motors. A motor provided with

thermal or impedance protection complying with the standards referenced below is considered to comply
without the necessity of further tests:

a) In Canada only: CSA C22.2 No. 77.

b) In the United States only: UL 1004-1, UL 1004-2, or UL 1004-3.

41.1.2 The rotor of the motor is to be locked in a stationary position. The motor is to be mounted on wood
or other relatively effective thermal insulating material. Blades or other motor attachments are to be
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removed from the motor, but integral mounting brackets are to be left in place. The frame of the motor is to
be connected to ground by means of a solid conductor (that is, with no fuse in the grounding conductor). A
30 A time-delay fuse is to be connected in each ungrounded conductor of the supply cord.

41.1.3 At the conclusion of the first 72 h of the Locked Rotor Test, the motor shall comply with the
requirements of Section 23, Dielectric Voltage-Withstand.

41.1.4 Atthe conclusion of the 15 day test, a potential of twice the marked rated voltage of the motor is to
be applied between the windings and the frame to determine whether or not the winding has become
grounded.

onnected to a
30 Vis to be
connected t¢ a circuit having a voltage of 240 V. A motor having any other voltage/rating is to be
connected tg a circuit having a voltage of 100 — 105 % of the voltage rating of the mototr:

41.1.6 To determine if a motor complies with the requirements in this section,'temperaturg readings are

a) Fagr a totally enclosed motor — a motor whose outer metal enclosure is complete — the
temperature is to be measured by means of a thermocouple©n the enclosure;

b) For any other motor, the temperature is to be measured by means of a thermo¢ouple on the
integnally applied insulation of the winding under the coil'wrap, if such is present; and

c) If the coil is encapsulated, the winding temperature is to be determined by the change-in-
resistance method.

41.2 Thermal or overcurrent protection

41.2.1  Whgn the rotor of the motor is locked, the maximum temperature on a motor winfling shall not
exceed the temperature limits specified.in Table 41.1.

Table 41.1
Maximum Temperatures < Locked Rotor Temperature Test for Motor with Thermal or Qvercurrent

Protection

Motor insulation class
Protector type A E B F H N R
Oc (OF) oc (OF) DC (OF) OC (OF) OC (OF) Oc (OF) DC (DF)

1. Automatically reset:

a)During 1sthour) | 200 (392) | 215 (419) | 225 (437) | 250 (482) | 275 (527) | 295 (563) | 315 (599)
b) After 1st hour 175 (347) | 190 (374) | 200 (392) | 225 (437) | 250 (482) | 270 (518) | 290 (554)
c) Average 150 (302) | 165 (302) | 175 (347) | 200 (392) | 225 (437) | 248 (473) | 265 (509)
2. Manually reset, 200 (392) | 215 (419) | 225 (437) | 250 (482) | 275 (527) | 295 (563) | 315 (599)
single operation, Self-
holding;

3. Thermal cutoff:
a) During 1st hour 200 (392) | 215 (419) | 225 (437) | 250 (482) | 275 (527) | 295 (563) | 315 (599)

b) After 1st hour 150 (302) | 165 (302) | 175 (347) | 200 (392) | 225 (437) | 245 (473) | 265 (509)

Table 41.1 Continued on Next Page
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Table 41.1 Continued

Motor insulation class
Protector type A E B F H N R
Oc (OF) OC (OF) oc (OF) Oc (OF) oc (OF) Oc (OF) oc (OF)

i) The temperatures are to be recorded for:

a) The second hour of operation or until the temperatures stabilize, whichever is longer; and
b) The seventy-second hour of the test.

Stabilized temperatures are obtained when the maximum temperatures readings of three successive cycles are within 2 °C (3.6 °F)
of each other and are not showing a successive increase or a successive decrease in temperature.

ii) The average temperature referenced in Table 22.1 is to be determined for both the second and seventy-second hour. For each of
these periods, the average temperature is to be determined by taking the arithmetic mean of the trip temperature andl reset
temperature. Thie temperatures of the hottest thermocouple are to be used.

41.2.2 Temperatures are to be measured by thermocouples on the surface of coils.of the mptor. The test
on a manually reset protective device is to be continued for four operations of the device, with the device
being reset ap quickly as possible after it has opened. For an automatically reset device, thg locked-rotor
test is to be gontinued for 72 h unless the speaker includes another control\(such as a timer)| that will limit
the duration qgf the operation to a shorter interval. During the test, the mator is to be connectefd to a source
of supply as gpecified in Table 41.2.

Table 41.2
Test Voltages
Operating limits Maximum operating Test limits
Voltage desig:ztiion marked on Voltage type current
V) (A) (V)

Regulated® 12 DC 8-17.5 Rated 8-17.5
Regulated® 24 DC 16 -33 Rated 16-33
12 FWR® FWR® 8-17.5 Rated 8-17.5
24 FWR® FWR® 16-33 Rated 16-33
Regulated® 120 AC 96 — 132 Rated 96 — 132
Regulated® 240 AC 192 - 264 Rated 192 — 264
Special applicalionb Any type Rated Rated Rated
@ Regulated pefformance’stich that normal operation of the product has been verified to the limits in this table
b Special applichtion répresents a product which does not meet regulated requirements but has been investigated tq limits as
described in thg manufacturer’s published instructions or marked on the device.
° Full wave rectlfied

41.2.3 An automatic-reset thermal protector of a motor shall perform as intended when operated for 15 d
with the rotor of the motor locked, and with the motor connected to a supply circuit having a voltage of 100
— 110 % of the rated voltage of the motor. There shall not be any permanent damage to the motor
(including excessive deterioration of the insulation). Reset thermal protector that permanently opens the
circuit prior to the end of 15 d is not required to be tested for the full 15 d test period.

41.2.4 There shall not be any ignition of cotton surrounding the enclosure of a thermal protector of a
motor when three samples of the device are subjected to limited short-circuit currents. For a motor rated at
373 W output (0.5 hp), or less, and 250 V or less, the current is to be 200 A. For a motor having other
ratings, but not more than 746 W output (1 hp), the current is to be 1000 A. The power factor of the test
circuit is to be between 0.9 — 1.0, and the circuit capacity is to be measured without the device in the
circuit. A non-renewable cartridge fuse is to be connected in series with the device under test. The fuse
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rating is to be not less than four times the rated current of the signal appliance except that the fuse rating is
not to be less than 20 A for a signaling device rated 150 V or more but not more than 600 V. The test on
one sample is to be made by closing the device on the short circuit, and, if the device permanently opens
the circuit, it shall do so without grounding to the motor frame, damage to the motor, or resulting in a risk of
fire. A manual-reset thermal protector of a motor shall interrupt for 50 operations, without damage to itself,
the locked-rotor current of the motor.

Exception: A speaker that includes another control, such as a timer, which will positively and reliably limit
the operation to a shorter interval, or an automatic-reset thermal protector that permanently opens the
circuit prior to the end of 15 d, is not required to be tested for the full 15 d test period.

41.3 Impedance protection

41.3.1 Whgn operated under locked-rotor conditions for 15 days:

a) AJnotor shall not exceed the temperature limits specified in Table 41,3\during thg first 72 h of
operdgtion;

b) The motor winding shall not burn out or become grounded to the\frame, nor shall there be any
evidehce of excessive deterioration of insulation; and

c) The supply-circuit fuses shall not open.

Exception: The test is not required to be continued longer thannecessary for the windings of the motor (of
either the opn or totally enclosed type) to reach constant temperature, if this constant tempgerature is not
more than 100 °C (212 °F).

Maximum Temperatures — Locked Rotor %lr)r:g::é?ure Test for Impedance Protected Motors
Motor insulation system Maximum tomperature

oC R3)
Class A 150 (3p2)
Class/E 165 (3p9)
Class B 175 (3#7)
Class F 200 (3p2)
Class H 225 (4B7)
Class N 245 (4y3)

42 Battery-Powered Units
421 General

42.1.1 A notification appliance that uses a battery as the main source of supply shall be capable of
producing an alarm signal for at least 5 min at the battery voltage at which a trouble signal is obtained,
followed by a minimum of 7 days of trouble signal indication.

42.1.2 To determine compliance with 42.1.1, two samples of a natification appliance shall be equipped
with batteries that have been depleted and stabilized at a level just at the trouble signal level. The samples
are then to be placed in alarm and the sound level monitored over time following the method described in
20.2, Determination of Sound Reduction with no more than a 3 dB drop from the initial measurement. At
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the end of the 5 min of alarm, the alarm shall be reset and the samples monitored for the presence of a
trouble signal for a minimum of seven days.

42.1.3 ltis possible to deplete a fresh battery by applying a 1 % or smaller loading factor based on the
ampere hour rating of the battery. For example, to deplete a 1000 milliampere-hour rated battery, allow a
10 milliampere (1 % load) or less drain, continuously, until the battery voltage reaches the predetermined
test level. It is permitted to add an electronic load set for a constant voltage to be applied to the battery
should the battery voltage creep up above the trouble level detection after the removal of the 1 % load.

42.1.4 A decrease in the battery capacity of a notification appliance to a level where at least a 5 min
alarm signal is not obtainable shall result in a trouble signal. The trouble signal shall be produced at least
once each mip for seven consecutive days

42.2 Battery trouble voltage determination

42.2.1 Anincrease in the internal resistance, or a decrease in terminal voltage, 6f.a’battery [employed as
the primary spurce of power to a notification appliance shall not impair operation for an alarm fsignal before
a trouble sigrjal is obtained. Any combination of voltage and series resistance at which a tropble signal is
obtained sha|l be greater than the battery voltage and resistance combination measured dver a 1 year
period in the foom ambient condition of 42.3, Primary Battery Tests.

42.2.2 The frouble level of a battery operated notification appliance shall be determined, ysing the test
circuit in Figufe 42.1 and the voltage-resistance curves of Figure 42.2, for each of the following voltages:

a) Rated battery voltage;
b) Trolible level voltage (assuming minimal or.ho series resistance); and

c) Voltages between rated and trouble level voltage.
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Figure 42.1

Test Circuit for Trouble Level Determination
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Figure 42.2

Battery Trouble Level Determination
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42.2.3 To determine compliance with 42.2.4-each of two notification appliances are to be connected in
series with a ariable regulated direct current power supply and a variable resistor as illustrgted in Figure
42.1. The trouble level is to be determined by the following steps:

a) Rated Battery Voltage < Fhe voltage of the power supply is to be set at the rated battery voltage
and the series resistor at 0'ohm. The resistor is to be increased in increments of 0.1 1 10 ohms, at
a ratel of not more_thah one increment /min, until a trouble signal is obtained. The notification
appliahce is to betested for alarm operation at each resistance level and at the trouble level.

b) Trouble Level Voltage — With the variable resistor set at 0 ohm, the voltage of the power supply
connefted to the notification appliance is to be reduced in increments of 1/10 volt, at|a rate of not
more than one increment /min, to the level where the trouble signal is obtained. The notification
appliance is to be tested for alarm operation at each voltage level and at the trouble signal level.

c) Voltage Values Between Rated and Trouble Level Voltages — The voltage of the power supply is
to be set at pre-specified voltages between the rated battery voltage and the trouble level voltage.
The series resistor is then to be increased in increments of 0.1 — 10 ohms, at a rate of not more
than one increment /min, until a trouble signal is obtained. The notification appliance is to be tested
for alarm operation at each resistance and voltage level and at the trouble voltage level. A number
of voltage values shall be used to determine the shape of the trouble level curve.

d) Internal Resistance Increase with Constant Terminal Voltage — The voltage of the power supply
is to be set at the battery rated voltage (terminal voltage of new battery under normal standby
current drain) and the resistance increased from zero ohms until the notification appliance trouble
signal is obtained. The rate of resistance change prior to the trouble point shall be reduced to a
value required to eliminate any error due to any time lag in the trouble circuit of the notification
appliance.
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e) Terminal Voltage Decrease with Constant Internal Resistance — With the variable resistance set
at zero ohms, the power supply voltage is to be decreased until the notification appliance trouble
signal is obtained. The rate of voltage change prior to the trouble point shall be reduced to a value
required to eliminate any error due to any time lag in the trouble circuit of the notification appliance.

f) Variable Internal Resistance with Variable Terminal Voltage — This is the intersection of the
battery curve (Curve B) and notification appliance trouble level curve (Curve A) of Figure 42.2.

42.2.4 To determine that a battery is capable of supplying alarm and trouble signal power to the
notification appliance for at least 1 year under the room ambient condition described in 42.3, Primary
Battery Tests, Curve A of Figure 42.2 is to be plotted from the data obtained in the measurements
described in 42.2.3 and compared to Curve B of Figure 42.2, which is plotted from data generated in the 1
year battery[test. The intersection of Curves A and B shall not occur before 1 year and all points of
Curve B to the right of point F (extended to the base line), shall be below Curve A.

42.3 Primary battery tests

42.3.1 Whgn a battery is employed as the main source of power for a notification applfance, it shall
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means by a wiring harness or equivalent at least 0.9 m (3 feet) long.

42.3.5 Prior to placing the battery test setups in the various ambient conditions, each battery is to be
subjected to 25 one-second cycles of alarm at a rate of one alarm/min.

42.3.6 During the course of the test, the battery voltage and current in standby and alarm condition shall
be recorded periodically. The alarm voltage is to be recorded 3 s after energization. The standby voltage
and current shall be recorded prior to the alarm measurements. The notification appliance is to be placed
into an alarm condition monthly. The duration of the monthly alarm test signal is to be 3 s.

42.3.7 At the end of the year all batteries shall have the capacity to operate the alarm signal for a
minimum of 5 min followed by 7 days of trouble signal. It is possible that to obtain the trouble signal level
the test shall have to be continued with the standby current drain for longer than 1 year. If the length of
time to obtain a trouble signal is less than one year and not less than 6 months, while subjecting the
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