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Summary of Topics

This new edition of ANSI/UL 464 dated April 28, 2023 has been issued to incorporate changes from
proposals dated May 13, 2022 and October 14, 2022.

The requirements are substantially in accordance with Proposal(s) on this subject dated May 20, 2022 and
October 21, 2022.
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Preface

This is the common ULSE and ULC Standard for Audible Signaling Devices for Fire Alarm and Signaling
Systems, Including Accessories. It is the fifth edition of CAN/ULC 525 and eleventh edition of UL 464.

This common 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 This standard applies to electrically operated bells, sirens, horns, and similar audible signaling
devices, rated at 300 V or less, for fire alarm and signaling systems and intended for indoor 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
Systems; and

AN | n) [ T I = YO} 1 H ] H Rt Al =1 o [y |
) e UTINCU oldlco Uy, 1T aLlUruarive WILN U1 INaluUllal Licuiritdal 'UUU P, NFPA 70, and the

National Fire Alarm and Signaling Code, NFPA 72.

1.2 This standard applies to audible signaling devices for use in ordinary (nom-hazardous or non-
corrosiye) locations.

1.3 This standard also applies to protective covers and accessorjes used with audible signals.

1.4 This standard does not apply to door bells, buzzers.and chimes used in hqusehold and similar
applicaftions and intended for operation on Class 2 signal gircuits as defined in:

a) In Canada only: CSA C22.1, Canadian Electrical Code, Part |, Safety Sfandard for Electrical
Installations; and

b) In the United States only: the National Electrical Code, NFPA 70.

1.5 Apdible signaling devices for use in hazardous or corrosive locations shgll comply with the
requirements of this Standard and the applicable requirements of:

a) In Canada only: CSA-C22.1, Canadian Electrical Code, Part I, Safety Sfandard for Electrical
Installations, with respectto the hazard or category classification; and

b) In the United States only: the National Electrical Code, NFPA 70.

1.6 Alsupplementary visual signal incorporated as part of an audible signaling dev|ce which is intended
for firel alarm -application shall comply with the requirements of this Standard|and the applicable
requirements>of the Standard for Visible Signaling Devices for Fire Alarm and| Signaling Systems,
Includi|||g Accessories, ULC 526 and UL 1638.

2 Components

2.1 Except as indicated in 2.2, a component of a product covered by this Standard shall comply with the
requirements for that component. See Annex C for a list of Standards covering components generally
used in the products covered by this Standard.

2.2 A component need not comply with a specific requirement that:

a) Involves a feature or characteristic not needed in the application of the component in the product
covered by this Standard; or,

b) Is superseded by a requirement in this Standard.
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2.3 A component shall be used in accordance with rating(s) established by its manufacturer for the
intended conditions of use.

3 Units of Measurement

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

4 Referenced Publications

4.1 Any undated reference to a code or standard appearing in the requirements of this Standard shall be
interprefed as referring to the |atest edition of that code or standard

4.2 THe following publications are referenced in this Standard:
ASA S1[40, Specifications and Verification Procedures for Sound Calibrators

ASA S12.51/1ISO 3741, Acoustics — Determination of sound power levels and sound ehergy levels of noise
sourced using sound pressure — Precision methods for reverberation test rooms

ASA S1|.4/Part 1/IEC 61672-1, Electroacoustics — Sound Level Meters — Part 1: Specifications

ASA S1|.4/Part 2/IEC 61672-2, Electroacoustics — SoundLevel Meters — Part 2: Pattern Evaluation Tests
ASA S1\.4/Part 3/IEC 61672-3, Electroacoustics —Sound Level Meters — Part 3: Periodic Tests

ASTM B86, Specification for Zinc and Zinc-Aluminum (ZA) Alloy Foundry and Die Caslings

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

ASTM E28, Test Methods for Softening Point of Resins Derived from Pine Chemicalg and Hydrocarbons,
by Ringtand-Ball Apparatus

CSA C242.1, Canadian Electrical Code, Part |, Safety Standard for Electrical Installations

CSA C232.2 No(0y15, Adhesive labels

CSA C242.2\No. 0.4, Bonding of electrical equipment

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 — Requirements
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NBC, National Building Code of Canada

UL 224, Extruded Insulating Tubing

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations
UL 796, Printed Wiring Boards

UL 864, Control Units and Accessories 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 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

UL 60384-14, Fixed Capacitors for Use_in-Electronic Equipment — Part 14: Sectionaf Specification: Fixed
Capacifors for Electromagnetic Interference Suppression and Connection to the Supdly Mains

ULC-S324, Installation of Fire Alarm Systems
ULC 526, Visible Signaling-Devices for Fire Alarm and Signaling Systems, Including Accessories
ULC 527, Control Uhits for Fire Alarm Systems

ULC 541, Speakers for Fire Alarm and Signaling Systems, Including Accessories

5 Glossary

For the purpose of this Standard, the following definitions apply:

5.1 BATTERY - General term for (1) A single cell, or (2) a group of cells connected together either in a
series and/or parallel configuration. May be ready for use or may be an installed component.

5.2 BATTERY PACK - A battery which is ready for use, contained in a rigid enclosure, with or without
protective devices.

5.3 CONSTANT TEMPERATURE - Temperature is considered to be constant when three successive
readings indicate no change when taken at intervals of 10 % of the previously elapsed duration of the test,
but not less than at 5 min intervals.
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5.4 DECIBEL (dB) — One-tenth of a bel, the number of decibels denoting the ratio of the two amounts of
power being ten times the logarithm to the base 10 of this ratio.

NOTE: The abbreviation dB is commonly used for the term decibel, and is determined as follows:
A
n= IOIOgIOFdB
2

Where:

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

N = value in decibels.

5.5 DUTY CYCLE - The ratio of the sum of all pulse durations to the tatallperiod, during a specified
period df operation.

5.6 DYVELLING UNIT — A suite operated as a housekeeping unit,\used or intended to be used as a
domicil¢ by one or more persons and usually containing cooking, eating, living, sleeping and sanitary
facilitied.

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

5.7 ENERGENCY WARNING - A system used te, provide information and instrudtions to people in a
building, area, site, or other space using intelligible voice communications methgds. An Emergency
Warning System is used to notify occupants thatian emergency exists.

5.8 FIRMWARE — A control program that is embedded in the notification appliance.

5.9 FREE FIELD - An environment in which a sound wave may propagate in gll directions without
obstructions or reflections within\the frequency range of interest.

510 MANUFACTURER'SV'PUBLISHED INSTRUCTIONS - Published installalion and operating
documgntation providéd;for each product or component. The documentation incliides directions and
necessary information- for the intended installation, maintenance, and operation| of the product or
comporjent.

(Reprodufed with, permission of NFPA from NFPA 72%, National Fire Alarm and Signaling Code, 2022 gdition. Copyright© 2021,
National Hire Proetection 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 rights reserved.)

5.1 PRIMARY BATTERY — A battery which can only be discharged once. It is not designed to be
rechargeable and must be protected from a charging current.

5.12 PRIVATE MODE - Mode of operation intended to notify only those persons directly concerned with
the implementation and direction of emergency action initiation and procedure in the area protected by the
fire-alarm and signaling system.

5.13 PUBLIC MODE — Mode of operation intended to notify occupants or inhabitants in the area
protected by the fire-alarm and signaling system.
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5.14 REFERENCE AXIS — The "reference axis" of a signaling device is a line passing through the
reference point coincident with the geometrical axis of the sound propagation pattern. For symmetrical
structures, the reference axis is usually perpendicular to a plane passing through the edge of the sound
source or opening of a horn.

5.15 REFERENCE POINT — The "reference point" of a signaling device is a point on the outside of the
signaling device in line with the geometrical center of the sound source projected perpendicular to a plane
passing through the edge of the sound source. For horn type audible signaling devices, the "reference
point" is the geometrical center of the opening of the horn.

5.16 RESONANCE - Condition of peak vibratory response where a small change in excitation frequency
causes a decrease in system response.

5.17 $ECONDARY BATTERY — A battery that is intended to be discharged and rec?luarged many times in
accord@nce with the manufacturer's recommendations.

518 $OFTWARE — A program that is used to program a notification<appliance’s function and or its
performpance through the device’s firmware.

5.19 BOUND - Energy that is transmitted by pressure waves in\air or other materialp and is the objective
cause 0¢f the sensation of hearing. Commonly called noise if/itis unwanted.

5.20 $OUND LEVEL METER - An electronic instrument for measuring the RMS level of sound in
accordance with an accepted national or international standard.

5.21 $OUND PRESSURE — A fluctuating pressure superimposed on the static prespure by the presence
of sourld. The unqualified term means the r6o0t-mean-square sound pressure. In air, the static pressure is
barometric pressure.

5.22 $OUND PRESSURE LEVEL (SPL) — Ten times the common logarithm of the fatio of the square of
the soynd pressure under consideration to the square of the standard reference pregsure of 20 yPa. The
quantity obtained is expressed in decibels.

5.23 $PECIAL TOOL=A device not normally carried by the public (e.g., a key), norpally provided by the
manufgcturer, to deter thauthorized access to the equipment.

NOTE: This is inténded to deter unauthorized access to the equipment, while being available on site either at a defined location or
from a "résponsible person” familiar with and having knowledge of the equipment.

5.24
with a natification appliance.

condition associated

6 Control Unit Interface

6.1 An audible signaling device incorporating circuitry for functional interfacing with a control unit for
purposes such as supervision, point addressing, multiplexing, synchronization, wireless communication
etc., shall also comply with the applicable functional requirements of standards such as:

a) In Canada only:
1) ULC-S545; and
2) ULC 527.

b) In the United States only:
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1) UL 985; and

2) UL 864.
7 Audible Signal Pattern
7.1 Format for fire alarm signals

7.1.1 Devices used for fire alarm signals whose signal format is not controlled by a control unit shall be
capable of reproducing a 3 pulse signal temporal pattern conforming with Figure A2.1 in Annex A, either
internally or when pulsed from an external source.

7.2 Fqgrmat for carbon monoxide signals

7.2.1 Audible signaling devices used for carbon monoxide alarms and whose signal format is not
controllgd 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 A3.1 injAnnex A.

CONSTRUCTION
8 General

8.1 THe construction of an audible signaling device forfire alarm or emergency use shall comply with the
construgtion requirements contained in this section,unless, where permitted by test, the construction is

determiped to be equivalent to these requirements{

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

9 Enc]osures
9.1 Ge¢neral

9.1.1 The frame and(enclosure of an audible signaling device shall be sufficiently strong and rigid to
resist thie abuses to_which it is likely to be subjected without adversely affecting its [performance due to
total or|partial céllapse with attendant reduction of spacings, loosening or displagement of parts and
develogment ef.other conditions which could impair operation of the audible signaling |device and increase
the risk pf fire'or electrical shock. Refer to Section 38, Mechanical Strength Tests for Epclosures.

9.1.2 Electrical parts or hazardous moving parts of an audible signaling device shall be located or
enclosed to provide protection from unintentional contact with uninsulated live parts.

9.1.3 An audible signaling device intended to be installed on an outlet box or similar mounting enclosure,
is to be judged with respect to compliance of the combination with the requirements of 9.1.1 and 9.1.2.

9.1.4 An operating part, such as a gear mechanism, light-duty relay, or similar device, shall be protected
against mechanical damage and fouling by dust or other material which impairs its intended operation.

9.1.5 The enclosure of a device shall be provided with means for mounting in the intended manner. Any
fittings, such as brackets, hangers, or similar hardware required for mounting shall be furnished with the
device.
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9.1.6 An enclosure shall have provision for the connection of metal-clad cable, conduit, or nonmetallic
sheathed cable. Space shall be provided within a terminal or wiring compartment to permit the use of a
standard conduit bushing on conduit connected to the compartment when a bushing is required for
installation. An enclosure without such provision is permitted when:

a) It is furnished with definite instructions indicating the sections of the enclosure which are
intended to be drilled in the field for the connection of raceways, or

b) The device is intended for mounting on a standard outlet box that is listed or approved for the
intended use.

9.1.7 An audible signaling device intended for either flush or surface mounting in a back box shall use a
standard-enclosure-that-has-been-evaluated-forthe-intended-use-or-an-enclosure-that complies with the
requirements of this standard.

9.1.8 [|An audible signaling device need not be furnished with a back box wheré means for attachment to
a standard outlet box are provided and the spacings comply with Section, 15,"Spacings.

9.1.9 [The mounting means of an audible signaling device to an«enclosure shall be accessible without
disass¢mbly of any components not identified in the manufacturer’s published instrdctions of the audible
signaling device. The mounting means shall be independent of those meang used for securing
compohents or parts of the assembly. Removal of a_complete assembly is n¢t considered to be
disassg¢mbly of a component.

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

9.1.11 | An audible signaling device of less'than 23 kg (50.7 Ib) mass may be arrangéd for mounting to an
outlet hox provided that, if the audible signaling device mass is more than 11 kg (24-1/4 Ib), it is plainly
marked as specified in Section 46, Marking.

9.1.12 | An audible signaling device of more than 23 kg (50.7 Ib) mass shall incprporate space or a
compaftment for field wiringiand shall be provided with means for physical mounting gnd support by other
than an outlet box.

9.2 Cpst metal enclosures

9.2.1 [The thickness of cast metal for an enclosure shall be as indicated in Table 9.1.

Exceptioh 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 Mechanical Strength
Tests for Enclosures, Section 38.
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Table 9.1
Cast Metal Enclosures
Minimum thickness
Die-cast metal, Cast metal of other than
the die-cast type,

Use, or dimensions of area involved mm (in) mm (in)
Area of 155 cm? (24 in?) or less and having no dimension greater than 1.6 (1/16%) 3.2 (1/8)
152 mm (6 in)
Area greater than 155 cm? (24 in?) or having any dimension greater than 24 (3/32) 3.2 (1/8)
152 mm (6 in)
At a threaded conduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreaded conduit hole 3.2 (1/8) 3.2 (1/8)
@ The arga limitation for metal 1.6 mm (1/16 in) in thickness may be obtained by the provision of reinfercing|ribs subdividing a
larger anea.

9.2.2 If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall,

there shall be not less than 3.5 or more than 5 threads in the metal, andthe constructi

a stand

9.2.3

enclosure wall, there shall be not less than 3.5 full threads in the metal and there|
rounded inlet hole which shall afford protection to the conductors equivalent to that prg

conduit

9.24

sufficient strength to be able to support 5 tinies the weight of the audible signaling d

comply
the equ

9.2.5

specifichtions given in ASTM.B86.

9.3 Sheet metal enclosures

9.31

Exceptipn:_Sheet metal of lesser thickness may be employed if, consideration being|

The thickness of sheet metal employed for the enclosure of an audible signalin
less than that indicated in Table 9.2.

ard conduit bushing can be properly attached.

If threads for the connection of conduit are tapped only part of the way th

bushing.

A\n audible signaling device assembly:designed to be supported by rigid

with Section 38, Mechanical Strength Test for Enclosures. When provided w
valent, the hub shall have nat less than 5 full threads.

Die-cast metal for othef_than flush boxes is permitted when it complies w

bn shall be such that

rough a hole in an
shall be a smooth,
vided by a standard

conduit shall be of
evice assembly and
th a conduit hub, or

th one of the alloy

h device shall be not

given to the shape,

size, and function of the enclosure, it provides equivalent mechanical strength. See Mechanical Strength
Tests for Enclosures, Section 38.
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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) 39° (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 enclosure not more than 197 cm® (12 ind).
® Sheet|steel for an enclosure intended for outdoor use (rain-tight) is required to be not less than 0.91 mm|(0.036 in) in thickness if
zinc coated and not less than 0.81 mm (0.032 in) in thickness if uncoated.
¢ Sheet|copper, brass, or aluminum for an enclosure intended for outdoor use (rain-tight) is required.to be pot less than 0.74 mm
(0.029 in) in thickness.
4 For a gover in Group B or C having a supporting frame or equivalent reinforcing and not intéhded for outdloor use, the thickness
of sheef steel may be less than that specified in the table but shall be not less than 0.53 mm*(0.021 in) [00}64 mm (0.025 in) if zinc
coated]} and the thickness of copper, brass, or aluminum may be less than that specified.in the table but shall be not less than
0.74 mm (0.029 in).
9.3.2 |A plate or plug closure for an unused conduit opening or other hole in the enclosure shall have a

thickne

9.3.3
that re
Such p

9.34
without

9.3.5
a cond
during

5s not less than:

a) 0.36 mm (0.014 in) for steel or 0.43 mm (0017 in) for nonferrous meta
6.4 mm (1/4 in) maximum dimension; and

b) 0.69 mm (0.027 in) for steel or 0:81 mm (0.032 in) for nonferrous meta
35 mm (1-3/8 in) maximum dimension.

A hole larger than 35 mm (1=3/8 in) diameter shall have a closure whose thick

for a hole having a

for a hole having a

ness is not less than

uired for the enclosureof:the audible signaling device or shall have a stapdard knockout seal.

ates or plugs shall be seeurely mounted.

A knockout in a(sheet metal enclosure shall be secured but shall be capab
undue deformation of the enclosure. See Section 38, Mechanical Strength Teg

A knockout shall be provided with a surrounding surface area of sufficient siz

it bushing, and shall be so located that a bushing employed at any knock

nstallation will not result in spacings between uninsulated live parts and the

those indieated under Section 15, Spacings

le of being removed
ts for Enclosures.

b to permit seating of
but likely to be used
bushing 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 following:

) The mechanical strength;

) Resistance to impact;

) Moisture-absorptive properties;

) Flammability and resistance to ignition from electrical sources;

I) Dielectric strength, insulation resistance, and resistance to arc tracking; and

1) Resistance to distortion and creeping at temperatures to which the material may be subjected.

NOTE: Al| these factors are considered with respect to aging in acéordance with Section 37, Tests on Polymeric (Plastic) Materials.
9.5 Outdoor use enclosures

9.5.1 The enclosure of an audible signaling device intended for outdoor use shall incorporate the
following:

) Means for mounting designed to prevent water spray from entering the englosure. See Section
4, Water Spray Test;

) Holes for copduit that shall be threaded unless they are located below the lowest termination
oint or otherlive part within the enclosure. If knockouts or unthreaded holeq are provided, there
hall be proyision for drainage of the enclosure.

9.5.2 surface mount enclosure intended for outdoor use shall be provided with| external means for
mountirg.

Exception: Internal means for mounting may be employed if constructed so as to prevent 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

R [
| L

EC500 VERTICAL OPENINGS

9.6.3 [Openings in the.sides of the enclosure shall be so constructed and shall be of such size that entry
of foreign objects, ar ‘cantact by service personnel, is prevented. Louvers are acgeptable if shaped to
deflect jexternal falling objects outward. See Figure 9.2 for examples of acceptable loyver designs.



https://ulnorm.com/api/?name=UL 464 2023.pdf

20 CAN/ULC 525:2023 ¢ ANSI/UL 464 APRIL 28, 2023
Figure 9.2
Cross-Sections of Louver Designs

INSIDE OUTSIDE

INSIDE OUTSIDE

OUTWARD PROJECTION INWARD PRQJECTION

su1626
9.6.4 ODpenings in the bottom of enclosures under materials that do not have a flammability rating of V-1
or bettef, may be permitted if constrlicted so that dropping through of material from thg enclosure would be
preventgd.
9.6.5 The flammability rating shall be determined by the Flammability Classification Test:

I) In Canadaenly: CSA C22.2 No. 0.17; and

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

9.6.6 Figure’ 9.3 illustrates a type of baffle that meets this requirement. A second acg

eptable construction

is a nomirat-t+mm (0030 ;II)

ol kL + ot Libott | ok 9 (O N70 -\
UTNTUN OTNTCTL SlTTT VULUTTT parliCr imr winclit 2 1rinir(V.uro iy u

iameter round holes

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


https://ulnorm.com/api/?name=UL 464 2023.pdf

APRIL 28, 2023 CAN/ULC 525:2023 ¢+ ANSI/UL 464

21

Figure 9.3

Cross-Sections of Baffle Design

—  =— 2XBUT NEVER LESS THAN 25 mm (1 in)

9.6.7
have o

9.6.8
to be fl
structu

9.6.9
manufs

BAFFLE PLATES (may be below
bottom of enclosure)

BOTTOM OF ENCLOSURE M

sul111b

The bottom of an enclosure.under materials that have a flammability rating
benings providing they are.not larger in area than 40 mm? (0.062 in?).

An enclosure intended for recessed or semi-recessed mounting and having a
Ish with the surface of the wall shall have no openings that vent into concealeg

Df V-1 or better, may

front panel intended
spaces of a building

e, such as into(hollow spaces in the wall, when the product is mounted as intepded.

The requirement in 9.6.8 does not apply to an opening for a mounting s¢
cturing'operation (such as paint drainage) if:

rew or nail or for a

2). N6 non-mounting purpose opening has dimension greater than 7 mm (

).275 in) or an area

greater than sb mm-= (U.U30 In%),

b) There is no more than one unused mounting screw hole for each 300 mm
mounting surface, or fraction thereof, and

(11.8 in) of length of

¢) 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
product.

for mounting of the

9.6.10 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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9.6.11 In addition to the requirement of 9.6.10, 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
audible signaling device 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 audible signaling device.

9.6.12 Acoustical openings for a vandal-resistant audible signaling device (see also Section 46, General,
under the Marking subdivision) 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.

9.6.13 Openings in an enclosure, that are required for the proper acoustic performance of an appliance
(including perforated holes, louvers, and openings protected by means of wire screening, expanded metal,
or perforated covers) and provide access to the sound-producing element, shall be gf such size or shape
that nojopening will permit passage of a rod having a diameter of 6.7 mm (17/64.in),

9.6.14 | With reference to 9.6.13, the wires of a screen shall be not less than 16 AW
as notgd in 9.6.15, perforated sheet steel and sheet steel employed for expanded-meg
less than 1.07 mm (0.042 in) in average thickness, 1.17 mm (0.046 in).if zinc coated.

G (1.3 mm?). Except
tal mesh shall be not

9.6.15
be use

Expanded-metal mesh, 0.53 mm (0.021 in) thick or 0.64)mm (0.024 in) thic
| when all of the following conditions are met:

K if zinc-coated, may

a) The mesh openings are not more than 1.6 cm3 (174 in?) in area;

9.6.16

b) The maximum dimension of the overall opening so protected is not greater
and

c) Indentation of the guard or enclosure does not impair performance or reduc
required values specified in Section 15, Spacings, between uninsulated iy
uninsulated movable parts.

An opening for a gong-shell striker or similar part shall be not larger tha

than 76.2 mm (3 in);

b spacings below the
e parts, or between

n is required for the

operatipn of the appliance.

9.7 skets

9.71 gasketdsed to seal an opening between two parts that are intended to be
for insfallation( or ‘'maintenance shall comply with the Air-Oven Aging Test, 37.2.
securefl with'adhesive or a mechanical means to one of the mating surfaces. The gas
means|[shall"not be damaged when the joint is opened following the exposure in 37.2
(Temperaturey):

separated in the field
The gasket shall be
ket and the securing
Air-Oven Aging Test

9.7.2 A gasket used as an environmental seal shall be of a material that is suitable for its application by
complying with 37.2, Air-Oven Aging test, and the requirements in this section. A gasket used exclusively
as an acoustical seal is not required to be subjected to the requirements in 9.7, Gaskets.

9.7.3 Complete assembled samples employing gaskets shall be evaluated for integrity by complying with
the requirements in:

a) Section 26, Variable Ambient Temperature Test;
b) Section 27, Humidity Test; and

c) Section 33, Corrosion Tests.
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9.7.4 When intended for outdoor use, the sample shall also comply with Section 34, Water Spray 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 tempered or similarly treated material to minimize potential injuries;
€ Secured In place so that it cannot be displaced in Service, an

) Provide mechanical protection for the enclosed parts.

9.8.3 The thickness of a glass cover shall not be less than that indicated, imlable 9.3

Table 9.3
Thickness of Glass Covers
Maximum size of opening,
Minimyim 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)

Ovef 305 (Over 12) Over 929 (Over 144) Segq footnote a

@ The miphimum thickness shall be 3.2 mm (1/8 in).or more, depending upon the size, shape, and mounting|of the glass panel.

9.8.4 A glass panel for an opehing having an area of more than 929 cm? (144 in?) or having any
dimensipn greater than 305twmm (1 ft), shall be supported by a continuous groove npt less than 4.8 mm
(0.19 in) deep along all four'edges of the panel, or by an arrangement that has be¢n determined to be
equivalent.

9.8.5 A transparent material other than glass shall not be used for the cover of an pbservation opening
unless the material does not introduce a risk of fire, distort, or become less transparet when subjected to
varying femperatures under either normal or abnormal service conditions.

10 Corrosion Protection

10.1  Ferrous metal, iron and steel parts other than bearings and similar parts where such protection is
impractical, shall be protected against corrosion by enameling, galvanizing, plating, or other equivalent
means. Refer to Section 33, Corrosion Tests.

Exception No. 1: This requirement does not apply to parts such as washers, screws, bolts, and the like, if
failure of such unprotected parts would not be likely to result in a risk of fire or electrical shock, or affect the
performance of the audible signaling device.

Exception No. 2: Parts made of stainless steel, polished or treated, do not require additional protection
against corrosion.
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10.2 The requirement of 10.1 applies to all enclosures of sheet steel or cast iron, and to all springs and
other parts upon which intended mechanical operation may depend.

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 Connections

11.1 General
11.1.1

connedg

Wiring terminals or leads corresponding to the rating of the device shall be provided for
tion of conductors of at least the size required by:

a) In Canada only: CSA C22.1, Section 32, Fire alarm systems; smoke alarms, carbon monoxide

alarms, and fire pumps;

b) In the United States only: NFPA 70.

11.1.2 | Wiring terminals shall be prevented from turning.

screws with terminal
nal connections may

11.1.3 | The terminals to which wiring connections.are made shall consist of binding
plates having upturned lugs or the equivalent to hold the wires in position. Other term
be proyided if found to be equivalent.

11.1.4 | Dual terminals, dual leads, ‘6r”equivalent means to achieve electrical s
providdd for each incoming and each outgoing circuit connection. A common termi
connedtion of both incoming and;outgoing wires, provided that the construction of t

upervision, shall be
nhal may be used for
he terminal does not

permit pn uninsulated section of'a single conductor to be looped around the termirjal and serve as two
separafe connections, thereby precluding supervision of the connection in the event that the wire becomes
dislodged from under_the terminal. A notched clamping plate under a single sefuring screw, where
separafe conductors of/a notification appliance (signaling device) circuit are intended to be inserted in
each nptch, is accéptable, but this arrangement shall be supplemented by additional marking in the wiring
area oron the jnstallation wiring diagram specifying the intended connections to the tgrminals.

11.2 Field.wiring compartment

11.2.1 The field wiring compartment in which connections are made shall be of sufficient size for
accommodating all wiring connections specified by the installation wiring drawing without damage to wire
insulation or to internal components. There shall be space within the compartment to permit the use of a
standard conduit bushing on conduit connected to the compartment when a bushing is required.

11.2.2 The device wiring and internal components in the wiring area of an audible signaling device
designed for mounting to an outlet box shall be so located or protected so that, they and the field wiring in
the outlet box are not forced against sharp edges to prevent damage.

11.2.3 An outlet box or compartment in which field wiring connections are to be made shall be located
such that the connections may be inspected after the audible signaling device is installed as intended. The
removal of only field installed fasteners, or equivalent arrangement and dismounting of an assembly, of not
more than 4.5 kg (10 Ib) mass to view the field wiring connections, is deemed to comply with this
requirement.
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11.2.4 An audible signaling device without a field wiring compartment shall be constructed so that the
following requirements are met:

a) Field wiring and leads shall be prevented from contacting moving parts of the audible signaling
device 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 audible signaling device,
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

11.3 Field wiring terminals and leads

11.31

11.3.1.1

nonferrgus soldering lugs or nonferrous solderless (pressure) wire connectaors.

11.3.1.2
for clam

I) They will firmly grip the conductors and securely héld them in place; and

11.3.2

11.3.2.1

conduct

11.3.3

Types and sizes

Terminals for field connection of conductors larger than 10 AWG (5.3 m

Terminals for field connection of conductors 10 AWG (5.3 mim?) or smaller n
ping the conductor if such means are constructed so that:

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

) Solid conductors cannot come out from underthe clamping means even
posened sufficiently to allow lateral movement of the conductors with respect t

Size of screws

If binding head screws or machine screws and washers are used as
ors, the size of screw shall be notless than:

) No. 6 or M3.5 if fokuse with conductors 14 AWG (2.1 mm?) or smaller and
br larger; or

) No. 4 or M3:iffor use with conductors 18 AWG (0.82 mm?).

Material-for terminal parts

m?) shall consist of

ay consist of means

though the latter is
b the means.

tlamping means for

18 AWG (0.82 mm?)

11.3.3.1

Binding head screws, bolts, studs. nuts and washers shall be of nonferrous

metal except that in

sizes 10 AWG (5.3 mm?), M5 or larger, iron or steel may be used if:

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

b) The conductor or terminal to be secured is clamped against a surface of nonferrous metal which
will carry the greater part of the current.

11.3.4

11.3.4.1

Terminal plates and threading

Wiring 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.
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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 M3.5 screw;

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

) 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 thantwo full threads engaging
under gny condition of service.

11.3.4.6 If terminal screws do not pass entirely through threaded. hel€s, they shall Engage clean-cut full
threadg for a distance not less than the major diameter of the screw.

11.3.5 | Grounding terminals and leads

11.3.5.] For an appliance intended for connection ¢oyan AC Mains source of supdly, only by means of
other than a metal-enclosed wiring system such as>nonmetallic-sheathed cable, all pf the following shall
be proVided:

a) An equipment grounding terminalor lead, the size of which shall be the|same as that of the
supply 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 it is intended, and

c) Reliable connection of-the grounding means to all exposed dead metal pgrts that are likely to
become energized, ‘and all dead metal parts within the enclosure that areg] exposed to contact
during servicing and'maintenance.

11.3.5.2 The surface’of an insulated lead intended solely for the connection of an ¢quipment grounding
condugdtor shall-begreen, with or without one or more yellow stripes. No other leads Visible to the installer,
other than the.grounding conductors, shall be so identified.

11.3.5.8 MA field wiring terminal intended for connection of an equipment grounding conductor shall be
plainly identified, with the marking “G”, “GR”, “"GROUND”, GROUNDING”, or by the graphic symbol 5019

from IEC publication 60417-1, @ or the equivalent, or by a marking on a wiring diagram provided on the
appliance. The field wiring terminal shall be located so that it is unlikely to be removed during servicing of
the appliance.

11.3.6 Grounded supply terminals and leads

11.3.6.1 A field wiring terminal for the connection of the grounded supply conductor of a AC Mains supply
circuit shall be identified by means of a white metallic-plated coating and shall be distinguishable 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.


https://ulnorm.com/api/?name=UL 464 2023.pdf

28 CAN/ULC 525:2023 ¢+ ANSI/UL 464 APRIL 28, 2023

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.

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:

@) Stranded copper bunch tinned in accordance with:

1) In Canada only: CSA C22.1, Rule 32-100; and
2) In the United States only: NFPA 70.

) Not less than 150 mm (6 in) in length;

) Not smaller than 0.82 mm? (18 AWG);

) The insulation, if of rubber or plastic, notless than 0.8 mm (0.032 in) in thickpess; and

) Provided with strain relief. See Segtion 32, Strain Relief.

11.3.7.4 Leads which are intendedfor direct connection to either a grounded comductor or a neutral
conducfor of a supply circuit shall:be’ identified at the point of supply connection. Ideptification shall be a
white o1 natural grey covering readily distinguishable from the finish on other leads and no other lead shall
be so identified.

12 Intprnal Wiring
121 eneral

12.1.1 | Wiring shall have insulation rated for the potential involved and the temperatures to which it may
be subjg¢cted, and shall have adequate mechanical strength and current-carrying capaity for all conditions
of service. The wiring shall be routed away from moving parts and sharp projections and held in place with
clamps, string, ties, or the equivalent, unless the wiring is capable of retaining a shaped form.

12.1.2 Leads or a cable assembly connected to parts mounted on a hinged cover shall be of sufficient
length to permit the full opening of the cover without applying stress to the leads or their connections. The
leads shall be secured or arranged to prevent abrasion of insulation and jamming between parts of the
enclosure.

12.1.3 If the use of an insulated conductor is not feasible (for example a coil lead), electrical insulating
tubing complying with CSA 22.2 No. 198.1, or UL 224 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.
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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 intended use of the audible signaling device.

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.

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 involvgd.

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

12.2 $eparation of circuits

12.2.1 | Internal wiring of circuits which operate at different’ potentials shall be sgparated by barriers,
clamps], routing, spacing (refer to Table 12.1), or other_€quivalent means, unles$ all conductors are
providgd with insulation rated for the highest potential involved.

Table 12.1
Minimum Spacings
Minimum spacings
Voltage range, Through air, Over surface,
Point of application Vv mm (in) mm (in)
To wall§ of enclosure?:
Cast|metal enclosures 0-300 6.4 (1/4) 6.4 (1/4)
Shedt metal enclosures 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 51 — 150 12.7 (1/2) 12.7 (1/2)
Non-power limited 300 — 600 12.7 (1/2) 12.7 (1/2)
Installafion,wiring terminals:
With batriers 0-30 32 (1/8) 4.8 (3/16)
31-150 3.2 (1/8) 6.4 (1/4)
151 -300 6.4 (1/4) 9.5 (3/8)
Without barriers 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 (3/8)
Rigidly clamped assemblies:®
Class 2, Power Limited 0-30 - - - -
Non Class 2, Power Limited 0-30 1.2 (3/64) 1.2 (3/64)
31-150 1.6 (1/16) 1.6 (1/16)

Table 12.1 Continued on Next Page
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Table 12.1 Continued
Minimum spacings
Voltage range, Through air, Over surface,
Point of application v mm (in) mm (in)
151 -300 24 (3/32) 24 (3/32)
300 - 600 9.5 (3/8) 12.7 (172)
Other parts

0-30 1.6 (1/16) 3.2 (1/8)
31-150 3.2 (1/8) 6.4 (174)
+54=2360 6% 474y 9.5 (3/8)
300 - 600 9.5 (3/8) 12.7 (172)

@ Measufements are to be made with solid wire of adequate ampacity for the applied load connegted-to ea¢h 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 switchés,) printed-wirihg boards, and the like.
12.2.2 | A metal barrier used to provide separation between the<wiring of different gircuits shall have a
thicknegs 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.¥1 mm (0.028 in) in thickness and shall be

of greafer thickness if its deformation may be readily accomplished so as to defg

clearan
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Bonding for Grounding

Ce between the edge of a barrier and a compartment wall shall be not more tha

ion of the equipment grounding terminal or lead and to the metal surrounding
ng provided for field power-supply connections.

| to be bonded when located on the outside of an enclosure or cabinet and is(
ents or wiring by grotinded metal parts so that it is not likely to become energiZ

bn No. 2: Andsolated metal part, such as a motor-controller magnet frame or|
ly screw, is not required to be bonded when positively separated from wiring

at its purpose. Any
n 1.6 mm (0.063 in).

n exposed dead metal part that-could become energized shall be bonded to the point of

the knockout, hole,

bn No. 1: An adhesiveattached metal-foil marking, screw, handle, or similar material is not

lated from electrical
ed.

armature or a small
and uninsulated live

bn No. 3: A panel or cover that does not enclose uninsulated live parts is not re

quired to be bonded

when w

. . /L 1) g ) : g I : g
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Exception No. 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 material 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 mounting bracket, capacitor or other electrical components, shall be bonded for grounding if it

may be

contacted by the user or by service personnel servicing the equipment.

13.3 A bonding 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 of acceptable
size. A separate bonding conductor shall be installed so that it is protected from mechanical damage.
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13.4 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, brazing, or welding. The bonding connection shall penetrate nonconductive coatings, such as
paint. Bonding around a resilient mount shall not depend on the clamping action of rubber 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 dogr 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 électrical enclosure or motor
frame ghall 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 131

Table 13.1
Bonding Wire Conductor Size

Size of bonding conductor?
Rating of overcurrent device, amperes Copper wire, Aluminum wire,
(mm?) AWG (mm?) AWG
15 2.1) 14 (3.3 12
20 (3.3) 12 (5.3 10
60 (5.3) 10 (8.4 8
100 (8.4) 8 (13.3) 6
200 (13.3) 6 (21.2) 4
@ Or eqtiivalent cross-sectional arga:

13.9 A conductor, suchyas a clamp or strap, may be used in place of a separate wire conductor, provided
that thg minimum eross-sectional conducting area of the bonding means is not less|than that of the wire
indicated in TableA43.1.

13.10 |Asplice shall not be employed in a wire conductor used for bonding.

13.11  The grounding means shall be used for no other purpose.
14 Electrical Components
141 Mounting

14.1.1 All stationary parts of an audible signaling device that support moving components shall be
securely mounted in position and prevented from loosening or turning.

14.1.2 Uninsulated live parts shall be so secured to the base or mounting surface that they will be
prevented from turning or shifting in position, if such motion may result in a reduction of spacings below
the minimum values required. Refer to Section 15, Spacings.
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14.1.3 Friction between surfaces is not acceptable as a means to prevent turning, loosening, or shifting
of a part as required in 14.1.1 and 14.1.2, but a toothed lock washer that provides both spring take-up and
an interference lock or equivalent means is acceptable.

14.1.4 An uninsulated live part, such as a field wiring terminal, shall be secured to its supporting surface
or surfaces by methods other than friction between surfaces if turning or shifting in position 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.
14.1.6 |A gong shell, when provided, shall be mechanically secured, and the"gong-ghell mounting screw
shall belprevented from loosening.
14.1.7 |When a gong shell must be removed for mounting or connecting the appliance, the intended
position| of the shell with respect to its support shall be indicated on.the’appliance, unlgss either:
I) The gong-shell striking means engages the shell in.any position of mounting| or
) Means are provided to engage the gong shell in the intended position of mouynting.

14.2 |

14.2.1

resistan

14.2.2

strength
resistan

14.2.3
insulati
parts a

replace

14.2.4
but not

nsulating materials

Materials used for the support of -current-carrying parts shall be non-fl
t insulating material, such as porcelair, phenolic or cold-molded composition,

Among the factors to be considered in judging electrical insulation are mech
, resistance to burning,-moisture, arcing, creep (flow due to stress), ther
ce to temperatures encountered in intended use.

A terminal block mounted on a metal surface that may be grounded shall
g barrier between the mounting surface and all live parts on the underside of
e staked, upset, sealed, or equivalently secured to prevent movement of the
bble terminal screws from reducing spacings below the minimum values requir

M
M

Ordinary vulcanized fiber may be used for insulating bushings, washers, sepz

mmable, moisture-
r the equivalent.

anical and electrical
mal endurance and

be provided with an
the base, unless the
parts at the ends of
Bd.

rators, and barriers,

forthe sole support of live parts where shrinkage, current leakage, or warp

ng of the fiber may

introduce a risk of fire or electric shock.

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

14.2.6 A countersunk sealed live part shall be covered with a waterproof insulating compound which will
not melt at a temperature 15 °C (27 °F) higher than the maximum normal operating temperature of the
assembly, and at not less than 65 °C (149 °F) in any case. The depth or thickness of sealing compound
shall be not less than 3.2 mm (1/8 in).

14.2.7 The thickness of a flat sheet of insulating material, such as impregnated asbestos-cement
composition or phenolic composition employed for panel mounting of parts shall be not less than that
specified in Table 14.1.
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Table 14.1
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) 9.58 (3/8%)
1219 (48) 7432 (1152) 12.7 (1/2)
1219 (48) 11,148 (1728) 15.9 (5/8)
1219 (Over 48) 11,148 (Over 1728) 19.1 (3/4)

@ Material less than 9.5 mm (3/8 in) but not less than 3.2 mm (1/8 in) thick may be used for a panel if the panel is supported or

reinforg
subasst

ed to provide rigidity not less than that of a 9.5 mm (3/8 in) sheet. Material less than 3.2 mm (1/8in
bmblies, such as supports for terminals for internal wiring, resistors, and other components.

) may be employed for

14.3 ¢
14.3.1

14.3.2

fixed apd moving parts.

14.3.3
capacit
semico
equival

14.4

14.4 1
there s
smooth

Current-carrying parts
A current-carrying part shall be of silver, copper, a copper alley,.or the equiva

Bearings, hinges, or similar parts are not acceptable for carrying current

Plated steel shall not be used for secondary=circuit parts nor for primary-q
pr terminals, unless a glass-to-metal seal, is necessary, nor for leads o
hductor devices. Blued steel or steel with corrosion resistance that has be
ent is acceptable for the following:

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

c) When the temperaturesexceed 100 °C (212 °F) during the intended operati
Bushings

Where a lead or wire harness passes through an opening in a wall, barrie
hall be ametal or insulating bushing, or the equivalent, that shall be secured
rounded-surface against which the wire may bear.

14.4.2

If-the opening is located in a phenolic composition or other equivalent nonc

ent.

between interrelated

ircuit parts, such as
I threaded studs of
en determined to be

itches;

I, or enclosing case,
in place and have a

pnducting material or

in metal of thickness greater than 1.07 mm (0.042 in), a smooth rounded surface having rounded edges is
deemed to be the equivalent of a bushing.

14.4.3 Ceramic materials and some molded compositions are permitted for insulating bushings, but
separate bushings of wood and of hot-molded shellac are not permitted.

14.4.4

A fiber bushing may be used if:

a) It will not be subjected to a temperature higher than 90 °C (194 °F) under intended operating

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

c¢) The fiber will not be exposed to moisture.
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14.4.5 Ordinary vulcanized fiber may be employed where it will not be subjected to a temperature higher
than 90 °C (194 °F) under intended operating conditions if the bushing is not less than 1.2 mm (3/64 in) in
thickness and if it will not be exposed to moisture.

14.4.6 A soft rubber bushing may be employed in the frame of a motor if the bushing is not less than 1.2
mm (3/64 in) in thickness and if the bushing is so located that it will not be exposed to oil, grease, oily
vapor, or other substances which may have a deleterious effect on rubber. If a soft rubber bushing is
employed in a hole in metal, the hole shall be free from sharp edges, burrs, projections, and the like, which
could cut into the rubber.

14.4.7 An insulating-metal grommet is acceptable in lieu of an insulating bushing, provided that the
insulating material used is not less than 0.8 mm (0.032 in) in thickness and completely fills the space
between the grommet and the metal in which it is mounted.

14.5 Semiconductors

14.5.1 | Semiconductors shall be rated for the intended application under all environmental conditions to
which they may be exposed in service. Refer to Section 17, General, innthe Performange subdivision.

14.6 Transformers, relays, and coils

14.6.1 | Coils shall be treated with an insulating varnish, and baked or otherwise imgregnated to exclude
moisture.

14.6.2 |Film coated, or equivalently coated wire js not required to be given additional treatment to prevent
moisturge absorption.

14.7 C(Capacitors

14.7.1 | Capacitors shall be rated forthe intended application under all environmenta| conditions to which
they mgy be exposed in service!

14.7.2 | Capacitors shall besuitable 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. ['he measured peak
voltage [ across the ‘capacitor shall not exceed the voltage stress level as specffied in Section 29,
Component Stress!

14.8 Qperating parts

14.8.1 Operating 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 or loosening is
prevented.

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

14.8.4 A moving part shall have sufficient play at bearing surfaces to prevent binding.
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14.8.5 An adjusting screw or similar adjustable part shall be prevented from loosening under the
conditions of actual use.

14.8.6 A manually-operated part shall withstand the stresses to which it is subjected to in operation.

14.8.7

Interrelated operating parts shall be formed and assembled so that their align

ment is maintained.

14.8.8 Gears shall have uniformly formed teeth with smooth engaging surfaces, and shall 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 voltagesto which if is subjected.

14.10 | Printed wiring boards

14.10.1 Printed wiring boards shall comply with UL 796, and ,CSA C22.2 No. 0.17. The components of a
printed|wiring board shall be attached securely and the spacings between circuits ghall comply with the
spacing requirements for rigidly clamped assemblies (see Table 12.1). The board shajl be mounted so that

deflection of the board during servicing shall not result in damage to the board

electri

| spacings to less than those required ip this standard. A printed-wiring

or in a reduction of
board shall have a

minimym flammability rating of V-2, be rated for direct support of current-carrying parts, and be suitable for

the sol
14.11

14.11.1

device

14.11.3
particle

14.12

14.121

14.12.1
require

ering process used.
Motors
A motor shall be protected-against overheating under normal and abnormal

A motor shall betprotected by thermal or overcurrent protective device
nce-protected type,"See the Locked Rotor Test, Section 41. A thermal or o
shall not open the Circuit during the Section 22, Temperature Rise.

A motar having openings in the enclosure or frame shall be arranged so th
s dropping out of the motor will not fall onto flammable material within or under

pperating conditions.

5 or shall be of the
vercurrent protective

at flaming or glowing
the appliance.

Batteries

General

A
ments in 14.12 and 42.1 —42.6.

A battery or batteries used as primary or backup power shall comply with the applicable

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

a) Be designed to prevent misalignment, reverse polarity, damage upon connection, and
accessibility of uninsulated parts during use and replacement; and

b) Provide 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

shall only be permitted when the mounting of the product is supervised. Wiring that)i
or stresp during the removal of a notification appliance shall comply with the require

Strain Relief.

14.12.1

to replace a battery
subjected to flexing
ents in Section 32,

6 Leads or terminal connections to batteries shall be identified with the prgper 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
type cli
contact

14.12.1
the inte
0.4 mm

14.12.2

14.12.2
section
Capacit

14.12.2
comply

14.12.3

7 Connections to battery terminals shall be either by)a lead terminating in a

or another connection means that has been determined to be equivalent.

hded application and shall be a minimutm 26 AWG (0.21 mm?) stranded wire
(1/64 in) insulation.

Primary batteries

1 A primary battery used to power a notification appliance shall meet the
as well as the requirements for 42.1, Primary Battery Compatibility Testg
y Test.

2 Lithium_batteries used as the primary source shall be protected from
with the requirements in CSA C22.2 No. 60086-4 or UL 60086-4 or UL 1642.

Secondary batteries used as standby power source

positive snap-action

b, or a fixed butt-type connection which applies adminimum 6.6 N (1.5 Ib) force to each battery

8 Each lead of a clip lead assembly used as part of a battery-operated prodyct shall be suited for

bize with a minimum

requirements of this
, and 42.3, Battery

being charged and

14.12.3

.1 Non-rechargeable batteries shall be protected from being charged.

14.12.3.2 A rechargeable secondary battery used as standby power source for a notification appliance
shall meet the requirements in this section as well as the requirement in 42.4, Rechargeable Batteries
Used as Standby Power Source.

14.12.3.3 A rechargeable secondary battery shall be sealed or vented so that it does not adversely affect
any part of the product.

14.12.3.4 The maximum charge rate as well as the maximum trickle charging current of a rechargeable
secondary battery shall be limited so that it does not exceed the battery manufacturer's recommended

rates.


https://ulnorm.com/api/?name=UL 464 2023.pdf

APRIL 28, 2023

CAN/ULC 525:2023 ¢+ ANSI/UL 464

37

14.12.3.5 The rechargeable secondary battery shall be protected against excessive loading or charging

current

by a fuse or other overcurrent protective device.

14.12.3.6 The mounting arrangement for the batteries shall:

a) Permit access to the batteries for testing and maintenance;

b) Be provided with an integral meter; or

c) Be provided with readily accessible terminals to facilitate the connection of meters for
determining battery voltage.

14.12.3+4

-

A nnh'ﬁr\ahr\n appliance \All+h a rcr\harnaahla ear\r\nnlor'\l haﬂ-nr\l chall
el od bR vy

tomatically test the

conditig
determ
is defin
meet 4]
signal.

14.12.4

14.12 4
battery
standa

14.12.4
qualifie
constry

14.12.4
qualifie

et

n of the battery at least once every 24 h. The test shall be conducted unde
ne if the battery requires service or has been removed or disconnected.CA batt
ed as a battery which is not capable of providing 5 min of alarm signaling at
P.4.4. A notification appliance with a battery requiring servicing or replacemen

Rechargeable lithium-ion batteries

.1 In addition to the requirements in 14.12.3.1 — 14.12.3.7, rechargeable lith
packs shall also comply with the requirements forésecondary lithium-ion batt
ds shown below:

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

d) UL 60086-4.

.2 A lithium-ion battery pack intended for installation and replacement b
d personnel shall~employ a rigid mechanical enclosure that complies
ction and test requirements of UL 2054.

.3 Lithidm-ion batteries shall be specified only for installation and rep
d personnel. Lithium-ion batteries shall not be accessible to the user.

14.12.4

r a load sufficient to
fery requiring service
the level required to
t shall send a trouble

um-ion batteries and
bries specified in the

y other than trained
with the enclosure

acement by trained

4. Compatibility between lithium-ion batteries or battery packs, and the equ

ipment 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 failure mode and effects analysis demonstrating that the battery manufacturer’s specifications

noted in 14.12.4.5 are not exceeded.

14.12.4.5 The following specifications from the lithium-ion battery manufacturer shall not be exceeded in
the notification appliance:

a) Rated charging current, charging voltage and cutoff current, with compliance verified under

normal and single fault conditions within the system;
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b) Rated discharge current/rate and endpoint voltage, with compliance verified under normal and
single fault conditions within the system;

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

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

14.12.4.6 Equipment with a rechargeable lithium-ion battery pack, intended for installation and

replace

14.12.4

power t

15 Sp)

15.1
betwee

Exceptipn No. 1: The spacing requirements in, Table 12.1 do not apply to the inh
compon
requiren
the con

12.1.

Exceptipn No. 2: The “To Walls Of Enclosure” spacings indicated in Table 12.1 are nd
individu

Exceptipn No. 3: Omyprinted-wiring boards having a flammability classification of V-(

UL 94,
at field

circuit v

q

J

ment by other than trained qualified personnel, shall:

ccessibilityof uninsulated parts durig use; and

) Provide a battery securement means to prevent inadvertent disconnectio
se.

pst requirements of UL 2054.
pcings

pacings between uninsulated live parts, between.uninsulated live parts and d
h uninsulated live parts of opposite polarity shallbe not less than those indicate

ent which is provided as part of the unit. Such spacings are judged @
nents for the component. The electrical clearance resulting from the assembly
plete device, including clearances to dead metal or enclosures shall be thos

al enclosure of a component part within an outer enclosure.

5pacings (other than spacings to dead metal traces, between primary and se(
wiring_terminals) are not specified between traces of different potential con
hen:

n connection, and

N or damage during

7 Lithium-ion batteries required to provide a limited power<source shall comply with the limited

bad metal parts, and
din Table 12.1.

prent spacings of a
n the basis of the
of a component into
e indicated in Table

t to be applied to an

in accordance with
ondary circuits, and
nected in the same

b) , ! v it ,

reduced spacings on printed-wiring boards; or

h 24, Evaluation of

b) An analysis of the circuit indicates that no more than 12.5 mA of current is available between

short-circuited traces having reduced spacings.

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.
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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 coated wire is considered an uninsulated live part in determining compliance with spacing
requirements but is acceptable as turn-to-turn insulation in coils.

15.6 An insulating liner or barrier of vulcanized or impregnated fiber, varnished cloth, mica, phenolic
composition, or similar material employed where spacings would otherwise be insufficient, shall be not
less than 0.7 mm (0.028 in) in thickness, except that a liner or barrier not less than 0.3 mm (0.012 in) in
thickness may be used in conjunction with an air spacing of not less than 50 % of the “Through-Air”
spacing required. The liner shall be located so that it will not be subjected to the direct effects of arcing.

15.7 Insulating material having a thickness less than that specified in 15.5 |m3gy be used if it has
equivalent mechanical and electrical properties.

15.8 When a short-circuit between uninsulated live parts of the same polarity would [prevent the intended
signaling operation of the product without simultaneously producing, a trouble or abnormal signal, the
spacings between such parts shall be at least the minimum applicable value specifigd for "Other parts" in
Table 112.1.

16 Firmware Update (if provided)
16.1 General

16.1.1| A firmware release level shall identify, the firmware of a product. A new r¢lease level shall be
assigned due to any changes in the firmware:

16.1.2 | Program firmware and code shall not be accessible for unauthorized modification.
16.2 Firmware update

16.2.1 | Products capable.of receiving a firmware update shall provide a means of indicating the current
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

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).

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.
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16.2.5

intendeg following the update and comply with all applicable requirements as defined v

16.2.6

succesgfully update the firmware shall result in the netification appliance and ac
reverting to the previous firmware version and the natification appliance and access
operatelas originally intended. Failure to update orrevert to the previous firmware rev|
trouble signal.

16.2.7

16.2.8

the com

PERFORMANCE

17 Ger\eral

17.1

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

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

4) Firmware transmission (data) interruption — natification appliance shall comply with

16.2.6.

b) Duplicate firmware version update:

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

receiving a duplicate firmware update.

c¢) Corrupt firmware update:

¢l) Unsigned manufacturer firmware update:

1) Normal standby condition — notification appliance shall comply with 1}

Successful firmware updates shall result in the notification ‘appliance or acg

For products capable of receiving an automatie’ or user-initiated firmwar

When firmware is received from an external source to the notification appliang

O
N
(o2}

1) Normal standby condition — notification appliance shall comply with15.2.6.

2.6.

Q)

essory operating as
vithin this standard.

b update, failure to
cessory if provided,
ory if provided shall
sion shall result in a

For products that are capable of receiving firmware updates, manufactufers shall provide a
means for the user to obtain the manual-for the updated firmware if any user discern
changedl.

ble functionality has

e, that firmware and

patibility of the firmware shall also be controlled and evaluated to the requirement of this Standard
and/or fhe control unit, Standard as it relates to the performance of the notification
used for programming a-notification appliance’s firmware shall be identified and controj

appliance. Software
led.

Unless otherwise specified, the performance of an audible signaling device is t

o be investigated by

subjecting samples of each rating that is representative of production to the tests specified in Performance
subdivision, Sections 17 — 42, as far as applicable and in the sequence presented. Refer to Annex D for
illustration of test sequence.

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.
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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 audible signaling devices utilizing encapsulated or sealed assemblies will be
required. These additional samples shall be submitted without being encapsulated or sealed.

18.4 Additional samples of audible signaling devices utilizing multiple voltage inputs, may be required for
testing.

18.5 To reduce the number of samples required, the same samples may be used for multiple tests, other
than as indicated 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 may increase
the length of time for an investigation.

18.6 If a product must be mounted in a specified position in order to function as|intended, it is to be
tested in that position.

18.7 Where the rated voltage is a voltage range, all outputs shall be"maintained thrpughout the range or
the woist case rating shall be used.

18.8 The input circuit of an audible signaling device assempbly is considered to be the terminals or the
field wifing leads that get connected to the control unit.

18.9 The following information is required for an“audible signaling device thal employs electronic
components:

a) Vendor's rating for each component;
b) Maximum operating values fof @ach component; and

c) General description of the-¢ircuit operation.
19 Input Test
19.1 Test voltages

19.1.1 | Unless-otherwise specified, the test voltage for each test shall be as indicated in Table 19.1.

Table 19.1
Test Voltages
Operating limits Ma.ximum Test limits
Voltage designation marked on unit Voltage type operating 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 8-175
24 FWR® FWR® 16 - 33 Rated 16-33
Regulated® 120 AC 96 -132 Rated 96 - 132
Regulated? 240 AC 192 - 264 Rated 192 — 264

Table 19.1 Continued on Next Page
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Table 19.1 Continued

Operating limits Ma_)(lmum Test limits
Voltage designation marked on unit Voltage type operating current
V) (A) V)
Special Application® Any type Rated Rated Rated

¢Fullwa

2 Regulated performance such that normal operation of the product has been verified to the limits in this table.

b Special application represents a product which does not meet regulated requirements but has been investigated to limits as
described in the manufacturer’s published instructions or marked on the device.

ve rectified.

19.2

19.2.1
device
indicate

19.2.2

surge ¢
the ma
current
shall be

NOTE: In
limits as g

19.2.3

voltage
marked
or full-y
express
power s

19.2.4

energiz
The os
19.2.5.
measur
unit to

Testeurrents

The measured current input to a device shall not be greater than the mar
s operated under the conditions of intended use while connected, to”a tes
d in Table 19.1.

For a "special application" device the operating RMS current,”"RMS surge ¢
irrents, and the time frame of the surge current time windew shall be within t
nufacturer over the voltage range of the audible signaling device. The met
shall be as described in 19.2.3 — 19.2.5, except the-Surge current time window
as specified by the manufacturer.

19.2.2 "Special application" represents a product which-does not meet regulated requirements bu
escribed in the manufacturer’s published instructions©r marked on the device.

The current measurements are to. e recorded with a digital oscilloscope
display. The maximum operating RMS current obtained from testing shall nof
rating of each audible signal dévice. When the unit is capable of being energ
ave rectified (FWR) source06f supply, the current rating of the audible sig
ed in the maximum operating RMS current, which occurs over the rated vol
ource. Refer to Table 19.1 for definitions of the performance designations.

The unit under.test'is to be mounted in a position of normal use and electricall
bd power sources The power source is to be preadjusted to the rated voltage @
illoscope is'to be set for a sampling rate that is consistent with the values
Upon energization the current measurements are to be recorded and

ement-is completed, the unit is to be de-energized for sufficient time to allow th

ed rating when the
t voltage supply as

urrents, peak of the
e limits specified by
hods for measuring
described in 19.2.5

has been investigated to

employing an RMS
be greater than the
zed from either a dc
nal device shall be
fage range for each

y connected to a de-
f the unit under test.
noted in 19.2.3 and
stored. When each
e temperature of the

returm to a normal room ambient condition before additional measure

Measur

ents are obtained.
d for the maximum

operating RMS current, maximum surge RMS current (initial and repetitive) and the maximum peak of the
surge current (initial and repetitive).

19.2.5 To determine the maximum peak and RMS of the surge currents the oscilloscope is to be set to a
free-running condition with a sampling rate of 2500 samples/s. The current waveform is to be visually
monitored for large surge currents over the first 2 min from initial energization of the unit under test. More
than one test trial may be necessary to verify that a repeatable pattern exists. Once identified, the
oscilloscope is to be set to a triggering condition, the sweep reset for a sampling rate of 25,000 samples/s,
and the largest of the surge currents is to be selected and stored in the oscilloscope. This surge event is to
be designated the initial surge current and usually occurs when power is applied to the unit under test. The
next largest reoccurring surge event over the first 2 min is to be selected and stored and will be designated
the repetitive surge current. A 16.7 ms window (surge current time window) is to be positioned over the
stored surge events, using the oscilloscope cursors, to establish the window time limits. The maximum
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surge RMS current and the maximum peak of the surge current during the surge events is then to be
measured.

19.2.6 The peak of the initial surge current shall not exceed 10 times the operating RMS current rating.
The RMS of the initial surge current shall not exceed 5 times the operating RMS current rating. The peak
of the repetitive surge current shall not exceed 5 times the operating RMS current rating. The RMS of the
repetitive surge current shall not exceed 2.5 times of the operating RMS current rating.

19.2.7 The current input to a single-stroke solenoid-plunger device is deemed to be the value obtained
with the plunger floating.

20 Output Sound Pressure Level

20.1 Determination of rating

20.1.1 | An audible signaling device while operating under the rated voltage values|shown in Table 12.1
shall provide the following minimum sound levels:

a) In the United States only:

1) A device intended for operation in the Publie’Mode shall have a sqund level of not less
than 75 dBA at 3.05 m (10 ft). When a device\has multiple tone or volyme settings, at least
one tone or volume setting shall produce.a minimum of 75 dBA; and

2) A device intended for operation in-the Private Mode shall have a sqund level of not less
than 45 dBA at 3.05 m (10 ft). Wheén*a device has multiple tone or volyme settings, at least
one tone or volume setting shalkproduce a minimum of 45 dBA.

b) In Canada only: A device shall*have a sound output level of not less thgn 75 dBA at 3.05 m
(10 ft). When a device has multiple tone or volume settings, at least one tohe or volume setting
shall produce a minimum of 75 dBA.

20.1.2 | The sound power output of the device is to be measured in a reverberant foom qualified to the
requirements of ASA S12:59/ISO 3741. The sound power in each 1/3-octave band is to be determined
using the comparison /method. The A-weighting factor is to be added to each 1/3-og¢tave band. The total
power |s to be determined on the basis of actual power. The total power then is t¢ be converted to an
equivalent sound-pressure level for a radius of 3.05 m (10 ft) using the following formyla:

L,=L,-20log,,R—0.6

Where:
L, = converted sound pressure level
L,, = sound power level measured in the reverberation room

R = radius for the converted sound pressure level 3.05 m (10 ft).

20.1.3 The sound power output of a device intended to produce a single-stroke signal is to be measured
by operating it at a rate of 60 impulses per min. Each impulse is to consist of 0.5 s ON and 0.5 s OFF
unless the unit is intended for a different duty cycle, in which case the test is to be conducted with the unit
operated at its intended duty cycle.

20.1.4 It is permissible for audible devices to be tested with the duty cycle defeated and emitting a
continuous tone.
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20.2 Determination of sound reduction

20.2.1

The sound level of an audible signaling device shall not be reduced by more than 3 dB after being
subjected to the tests listed in Table 20.1.

Table 20.1
Tests Requiring Audibility Measurements

Test Section reference
Endurance 25
Variable Ambient Temperature 26
Humidity 27
Vibratiof 3t
Corrosidgn 33
Polarity Reversal 35
Polymerjc Materials Tests (Temperature Test) 37
Transierjt 39
Battery-Powered Units 42
20.2.2 [ The sound pressure level is to be measured at a‘distance of 0.305 m (1 ft) from a device that is

energiz
made W
IEC 616
measur
and the

20.2.3

there ar
or aneg
1 m? (
approxi

20.2.4
anecho

203 L

ith a sound level meter or equivalent calibrated measuring system meeting

ement is to be made with the device in airoom temperature ambient of not mor
n immediately after each of the test canditions listed in Table 20.1.

Unless otherwise specified, atdible signaling devices shall be tested in an
e no reflective surfaces withinthe frequency region of interest, such as a free
hoic chamber. The audible 'signaling device shall be mounted as intended,
10-3/4 ft?) and 19 mm (3/4 in) thick. The center of the audible signali
mately centered between the floor and the ceiling of the chamber.

It is not prohibited from making the before and after measurements in ar
c room ata distance of 3.05 m (10 ft) on axis or in a reverberation room in accq

etermination of low frequency signal format

bd from a nominal rated voltage source of supply. Sound pressure level measurements shall be

the requirements of

72-1. The measurement shall be expressed in decibels A-weighted (dBA) refg¢rred to 20 pPa. The

b than 25 °C (77 °F),

environment where
field, semi-anechoic
pn a plywood panel
hg device shall be

anechoic or semi-
rdance with 20.1.2.

20.3.1

A notimcation appliance Intended 1or use In Installations requiring a Iow 1r

shall have a signal format as described in 20.3.2.

quency notification,

20.3.2 A low frequency signaling device shall produce an acoustical output having a fundamental
frequency of 520 (F1) Hz £10 %, with subsequent harmonic frequencies occurring at 1560 (F3), 2600 (F5)
and 3640 (F7) Hz £10 % as determined by a Fast Fourier Transform (FFT) analysis of the audible alarm

signal.

20.3.3 The FFT measurement shall be a 30 s spectrum averaging of a 12.8 (kHz) frequency span of
2 (Hz) resolution, non-weighted. The spectral analyses shall be performed in a reverberant room as
described in 20.3.2.

20.3.4 The maximum sound pressure level (dB) of any frequency within the FFT measurement shall be
at least 5 dB less than the F1 sound pressure level (dB). The minimum sound pressure level (dB) of the
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odd harmonics, F3 through F7, shall not be reduced from the F1 sound pressure level (dB) by more than
20 dB for F3, 30 dB for F5 and 50 dB for F7.

21 Directional Characteristics

21.1 The directional characteristics of an audible signaling device shall be determined by mounting the
audible signaling device, 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 20.2.3. Where multiple mounting arrangements
are available, the audible signaling device shall be flush mounted. The effect of sound radiated from the
rear shall be eliminated. The audible signaling device 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 directional characteristic shall be identified by the angles at which the iound pressure level
decreages by 3 dB and 6 dB from the device's rated output when measured at a'radiyis of 3.05 m (10 ft) in
the forward horizontal and vertical planes of the reference axis. If the 6 dB deCrease is realized before 90°
from the reference axis, the decrease at 90° shall be recorded. Refer to Figute 21.1.

Figure 21.1

Dispersion Characteristics for Signaling Devices

AUDIBLE SIGNAL
DEVICE 3m (10 ft)

-
_*& // | \\ SO

3m (10 ft)

~

- [ \ ~

RATED SOUND PRESSURE LEVEL
(See Note 1)

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

su1624c

NOTE 1: Rated sound pressure level as measured in 21.2
NOTE 2: Reference 48.4(b).
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22 Temperature Rise

22.1 The materials and components employed in the construction of an audible signaling device shall not
be impaired and shall not attain temperature rises greater than those indicated in Table 22.1 under any
condition of intended operation.

Table 22.1
Maximum Temperature Rises
Normal standby, (Signaling) alarm
condition,
—_____matertals amd components C (°F) °C (°F)
A. COMPONENTS
1. Capacitors:® P
a. Hlectrolytic types 25 (45) 40 (72)
b. Qther types 25 (45) 65 (117)
2. Regtifiers — At any point
a. Germanium 25 (45) 50 (90)
b. Jelenium 25 (45) 50 (90)
c. Yilicon
(i] Maximum 60 % of rated voltage 50 (90) 75 (135)
(ii) 61 % or more of rated voltage 25 (45) 75 (135)
3. Relay, solenoid, transformer, and other coils with:
a. Qlass 105 insulation system:
Thermocouple method 25 (45) 65 (117)
REsistance method 35 (63) 75 (135)
b. Qlass 130 insulation system:
Thermocouple method 45 (81) 85 (153)
Rpsistance method 55 (99) 95 (171)
c. dlass 155 insulation system:
(i] Class 2 transformers:
'hermocouple.method 95 171) 95 (171)
Resistance method 115 (207) 115 (207)
(i) Power transformers:
l)'hprmnrmmlp methad 110 (198) 110 (198)
Resistance method 115 (207) 115 (207)
d. Class 180 insulation system:
(i) Class 2 transformers:
Thermocouple method 115 (207) 115 (207)
Resistance method 135 (243) 135 (243)
(i) Power transformers:
Thermocouple method 125 (225) 125 (225)
Resistance method 135 (243) 135 (243)
4. Resistors®:
a. Carbon 25 (45) 50 (90)

Table 22.1 Continued on Next Page
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Table 22.1 Continued

Normal standby, (Signaling) alarm
condition,
Materials and components °C (°F) °C (°F)
b. Wire wound 50 (90) 125 (225)
c. Other 25 (45) 50 (90)
5. Solid state devices See footnote d
6. Other components and materials:
a. Fiber used as electrical insulation or cord bushings 25 (45) 65 117)
b. Varnished cloth insulation 25 (45) 60 (108)
c. Thermoplastic materials Rise based omtemperature limit of the
mpterial
d. Phenolic composition used as electrical insulation or as parts whose
mdlfunction or deterioration results in a risk of electric shock, explosion, fire,
or |njury to persons®
e. Wood or other combustibles 25 (45) 125 (225)
f. ealing compound 25 (45) 65 (117)
g. Fuses 25 (45) 65 (117)
B. CONDUCTORS
1. Agpliance wiring material’ 25 °C (45 °F) less ttjan the temperature limit
of the wire
2. Flgxible cord (for example, SJO, SJT) 35 (63) 35 (63)
3. Cqnductors of field-wired circuits to be permanently connected to the 35 (63) 35 (63)
prodyict
C. GENERAL
1. Al surfaces of the product and surfaces adjacent to or upon which the 65 (117) 65 17)
produict is to be mounted
2. Syrfaces normally contacted by the user'in operating the unit (such as
contrjol knobs, push buttons, and leyers):
a. Metal 35 (63) 35 (63)
b. Nonmetallic 60 (108) 60 (108)
3. Syrfaces subjected to.casual contact by the user (such as the enclosure or
grille):
a. Metal 45 (81) 45 (81)
b. Nonmetallic 65 (117) 65 (117)
@ For ar] eléctralytic capacitor which is physically integral with or attached to a motor, the temperature rise pn insulating material
integrallwiththe capacitor enclosure shall not be more than 65 °C (117 °F).

® It is not prohibited to evaluate a capacitor which operates at a temperature higher than a 65 °C (117 °F) rise on the basis of its
marked temperature rating.

¢ When the temperature rise of a resistor exceeds the values shown the power dissipation shall be 50 % or less of the
manufacturer's rating.

4 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 which produces the maximum temperature dissipation of its components.
For reference purposes 0 °C (32 °F) shall be identified 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. It is permissible that both solid-
state devices and integrated circuits be operated up to the maximum ratings under any one of the following conditions:

1) The integrated circuit (microcircuits) complies with the requirements of MIL-STD.883H.

2) The semiconductor devices comply with the requirements of MIL-STD 750E.

Table 22.1 Continued on Next Page
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Table 22.1 Continued

Normal standby,

Materials and components °C (°F)

(Signaling) alarm
condition,

°c (cF)

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

4) Each assembled production unit is subjected to a burn-in test, under the condition which 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)
followed by an operation test for normal signaling performance.

¢ The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds which have been
investigated and determined to have special heat -resistant properties.

ited States) or CSA C22.1, Canadian Electrical Code, Part |, Safety Standard for Electrical Install
allowable temperature rise in any case is 25 °C (45 °F) less than the temperature limit of the wiré

tions (in Canada), the
in question.

22.2 H
attained
highest

22.3
unit inst
the top,

or this test the audible signaling device shall be driven until constant temperz
but not less than 1 h at intended service conditions per Table19.1 consid
temperatures.

Temperature measurements on equipment intended forrecessed mounting sh

alled in an enclosure of nominal 19 mm (3/4 in) thick wood having clearance
sides and rear, and the front extended to be flush with the enclosure cover.

22.4 The values for temperature rises in Table 221 are based on an assumed am

not mor
indicate]
less tha

225 |
the test
rises s
ambien

e than 25 °C (77 °F). Temperature is considered to be constant when three
no change when taken at intervals of. 40 % of the previously elapsed duratio
h at 5 min intervals.

equipment is intended for use with a prevailing ambient temperature higher|
is to be conducted at the.intended higher ambient temperature, and the all
ecified in Table 22.1 are)to be reduced by the amount of the difference
temperature and 25:°C«(77 °F).

22.6
(0.21

hermocouples (used for temperature measurement shall consist of wires not
m?) and not\smaller than 30 AWG (0.06 mm?). Temperature measurem

resistanice method-or by the thermocouple method as appropriate. When sup|
insulation or wrapping is employed, the temperature measurement point shall be

when

asurement is by the thermocouple method.

tures (see 22.4) are
bred to produce the

bll be made with the
5 of 50 mm (2 in) on

bient temperature of
successive readings
n of the test, but not

than 25 °C (77 °F),
pwable temperature
petween that higher

arger than 24 AWG
ent may be by the
plementary thermal
inder such material

22.7 The temperature rise of a coil winding may be determined by the resistance method by comparing
the resistance of the winding at the temperature to be determined with the resistance at a known
temperature by means of the formula:

Where:

(= ()~ (k1)

t = temperature rise in °C

t; = Room temperature at beginning of testin °C

t, = Room temperature at end of test in °C
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R = Resistance at the end of the test, in Q
r = Resistance at the beginning of the test, in Q, and
k = 234.5 for copper, or 225.0 for electrical conductor grade aluminum

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 An audible signaling device that is intended to produce a signal when its.energizing circuit is closed
is to be operated continuously. An audible signaling device which is marked to-indi¢ate intermittent duty
cycles (s to be operated at such duty cycles.

22.10 [An audible signaling device that is designed to produce a single-pulse signal is to be operated at
the makimum rate permitted by the design, but not less than 60 nar more than 120 impulses/min at a 50 %
duty cyrle.

23 Diplectric Voltage-Withstand

23.1 A product shall withstand for 1 min without breakdown, the application of an ¢ssentially sinusoidal
AC potential of a frequency within the range of 40~="70 Hz, or a DC potential, betwegen live parts and the
encloslre, between live parts and exposed dead-metal parts (see Note 1), and Hetween live parts of
circuits|operating at different potentials or freguencies. The test potential is to be:

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

b) For circuits rated greater than 30 and equal to or less than 150 V AC rms (42.4 and 212 V DC) —
1000 V AC (1414 V, when a DC potential is used); and

c) For circuits rated more than 150 V AC rms (212 V DC) — 1000 V AC plus twice the rated voltage
(1414 V plus2.828 times the rated AC rms voltage, when a DC potential is usgd). See 23.3 — 23.5.

NOTE 1:|Exposed(dead-metal parts are non-current-carrying metal parts that are capable of becoming engrgized and are accessible
from outgide ofthesenclosure of a product.

NOTE 2:|A reference ar component graund is ta be disconnected priar ta the test applications |

23.2 For the application of a potential between live parts of circuits operating at different potentials or
frequencies, the voltage is to be the applicable value specified in 23.1 (a), (b) or (c), based on the highest
voltage of the circuits under test. Electrical connections between the circuits are to be disconnected before
the test potential is applied.

23.3 Where the charging current through a capacitor or capacitor-type filter connected across-the-line, or
from line-to-earth ground is sufficient to prevent maintenance of the specified AC test potential, the
capacitor or filter is to be tested using a DC test potential in accordance with 23.1.

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
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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
5s, 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
before the test. A representative subassembly is then to be tested instead of an entire unit. Rectifier
diodes jp-the-powersupply—ay-be-individuaty—shunied-before-the-test-te—aveid-destroying them in the
case of @ malfunction elsewhere in the secondary circuits.

23.6 |{ 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 Evhpluation of Reduced Spacings on Printed-Wiring Boards

241 In accordance with the Exception of 15.1, printed-wiring board traces of diffefent potential having
reduced spacings shall comply with:

I) The dielectric voltage-withstand test described\in 24.2 and 24.3; or

) The shorted trace test described in 24.4.and 24.5.

242 A printed-wiring board, as specified.in 24.1(a) shall withstand for 1 min without breakdown the
applicatjon of a dielectric withstand potential between the traces having reduced spag¢ings, in accordance
with Seg¢tion 23, Dielectric Voltage-Withstand, as appropriate.

24.3 Hower-dissipating compaonent parts, electronic devices, and capacitors connegted between traces
having reduced spacings, are to be removed or disconnected so that the spacings and insulations, rather
than thgse component parts;\are subjected to the full dielectric voltage-withstand test potential.

24.4 Hrinted-wiringtbaard traces, as specified in 24.1(b), are to be short-circuited, one location at a time,
and theftest is to be eonducted as described in 28.1. As a result of this test:

I) The-overcurrent protection associated with the branch circuit to the unit shallfnot open; and

)'Alwire shall not open.

When the circuit is interrupted by opening of a component, the test is to be repeated twice, using new
components when required. When a printed wiring board trace opens, the gap is to be electrically shorted
and the test continued until ultimate results occur, and the procedure is to be repeated for each occurrence
of a trace opening.

Exception: After opening of an internal overcurrent protective device, the test is not required to be
repeated.

24.5 The test of 24.4 is to be continued for 1 h or until one of the conditions described below occurs.
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).
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24.6 Immediately following each fault described in 24.4, within one min of the conclusion of the test, the
product shall be subjected to Section 23, Dielectric Voltage Withstand Test.

25 Endurance

25.1 An audible signaling device shall perform as intended when endurance tested as specified in 25.2 —
25.4, as applicable. There shall be no electrical or mechanical malfunction of the device or undue pitting or
burning of contacts, and the device shall be operable at the end of the test. The output sound pressure
level shall not be reduced more than 3 dB from the output sound pressure level prior to the endurance test
and the alarm signal temporal pattern shall conform to ISO 8201 (refer to Annex A, Alarm Signal Temporal
Pattern).

25.2 Al tests shall be conducted at maximum rated voltage. A device that produces |multiple tones or has
a volunpe control shall be set so that the device draws maximum current.

25.3 An electromechanical device that is intended to produce a signal as_long as its energizing circuit is
closed |is to be operated for 8 h for alternate 5 min periods of being energized and dg-energized, followed
by 2 h|of the alarm signal temporal pattern conforming to ISO 8201, (refer to Anpex A, Alarm Signal
Tempofral Pattern), followed by 70 h of continuous operation. The alarm signal temporal pattern shall be
generaled internally where such provision exists or shall be applied externally where|no internal provision
is availgble.

25.4 An electromechanical device that is intended to produce a single-stroke signallis to be operated for
100,000 signal impulses at the maximum rate permitted by the design, but not less than 60 nor more than
120 impulses/min at a 50 % duty cycle.

25.5 An electromechanical device that is.intended to produce signals other than thpse indicated in 25.2
and 25[3 (including intermittent duty types) is to be operated in accordance with its jntended application.
The number of operations or the extent’of the test is to be based on the informatipn provided with the
device [when it is shipped to a user;including the precautions to be observed to ayoid the possibility of
uninterlded operation.

25.6 An electromechanical 'device employing a rectifier as part of its assembly ang intended for series-
circuit duty is to be tested while connected to a supply circuit of 120 V and in series with a resistor adjusted
to maintain the rated current of the appliance.

25.7 A devicethat produces its signal by electronic means is to be operated fgr 500,000 cycles of
alternate 1 ssperiods of being energized and de-energized followed by 168 h of continfious operation.

25.8 combination-electronic-and-electromechanical-thybrid)-device-shall-eemphywith the requirements
of 25.2-25.7.

25.9 Following the endurance tests in 25.6 the audible signaling device shall be allowed to stabilize to
room temperature. The audible signaling device output sound pressure level shall not be reduced more
than 3 dB from the output sound pressure level prior to the endurance test. Where the alarm signal
temporal pattern is generated internally it shall conform to ISO 8201 (refer to Annex A, Alarm Signal
Temporal Pattern).

26 Variable Ambient Temperature Test
26.1 General

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:
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a) Audible signaling devices shall not present a risk of shock;

b) The audible signaling devices' output sound pressure level shall not be reduced more than 3 dB
from the sound output pressure level prior to the variable ambient test; and

c) A wireless notification appliance shall send and receive alarm and trouble signals while in 26.3,
High and Low Ambient Temperature, and Section 27, Humidity. The trouble signal must individually
identify the affected device as required in Section 6, Control Unit Interface.

26.2 Effect of shipping/storage temperature

26.2.1 The performance of an audible signaling device shall not be adversely affected by exposure to
temperatures alltibipatcd dwilly ahippillg and storage: The eXposure stratrnotresuttin warping, cracking,
discoloration or any other damage that would impair its operation in any way~0D|ts 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 ¢f 24 h, allowed to stabilize to room temperature, subjected to a temperatufe 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 samples shall be examined for|damage, and then
subjected to the tests in 26.3, High and Low Ambient Temperature.

26.3 High and low ambient temperature
26.3.1 [Low temperature test

26.3.1.1 An audible signaling device shall‘be operational during and following the exposure to the low
temperature test.

26.3.1.3 An audible signaling device intended for indoor use in dry locations, is to bg placed in a position
of intended use in an air circulating environmental chamber and then momentarily] energized to verify
operatign. The environmental chamber shall then turned on and adjusted to the lower of the following
temperatures:

I) 0 15 °C (32£9 °F); or

) The lowest ambient operating temperature specified in the product's mandfacturer’s published
instructions or on its marking.

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

26.3.1.3 An audible signaling device intended for indoor use in damp locations is to be placed in a
position of intended use in an air circulating environmental chamber and then momentarily energized to
verify that it is operational before being and subjected to 20 cycles of temperature and humidity cycling. A
temperature 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 lower temperature indicated in 26.3.1.2 for a period of 30 min, and back to a temperature of
25 15 °C (77 19 °F) at a humidity of 95 +5 % R.H. The rate of change is to be 2 1 °C (3.6 £1.8 °F) per min.
During the exposure the signaling device is not energized except as noted between exposures.

26.3.1.4 A signaling device intended for outdoor use in damp or wet locations is to be placed in a position
of intended use in an air circulating environmental chamber and then momentarily energized to verify that
it is operational before being subjected to 20 cycles of temperature and humidity cycling. A temperature
cycle consists of a change from a temperature of 25 5 °C (77 19 °F) at a humidity of 95 5 % R.H. to the
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lower the temperature indicated below for a period of 30 min, and back to a temperature of 25 15 °C
(77 £9 °F) at a humidity of 95 +5 % R.H. The rate of change is to be 2 +1 °C (3.6 £1.8 °F) per min. During
the exposure the audible signaling device is not energized, except as noted between exposures.

a) -40 5 °C (-40 19 °F); or

b) The lowest ambient operating temperature specified in the product's marking manufacturer’s
published instructions or on its marking.

26.3.1.5 At the completion of the appropriate low temperature exposure, and while at the low
temperature, the environmental chamber is to be de-energized and the audible signaling device is to be
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
temperpture and then examined for damage before being subjected to.the”tgsts in 26.3.2, High
Tempefature Test.

26.3.2 | High temperature test

26.3.2.[l An audible signaling device shall operate as intended during and following|exposure to the high
temperpture test.

26.3.2.2 A signaling device intended for indoor use.in ‘dry locations is to be pldced in a position of
intenddd use in an air circulating environmental chamber and momentarily energized to verify that it is
operatipnal. The environmental chamber is then_turned on and adjusted to maintgin the higher of the
followirg temperatures:

a) 50 £5 °C (122 %9 °F); or

b) The highest ambient operating’temperature specified in the product's manpfacturer’s published
instructions or on its marking:

During|the exposure the audible signaling device is not to be energized except @s noted in between
exposyres. The exposure time is to be 3 h or longer if required to achieve thermal equilibrium.

B An audible signaling device intended for indoor use in damp or wet locatior}s is to be placed in a
of intended-use in an air circulating environmental chamber and momentarily energized to verify

of aschange from a temperature of 25 +5 °C (77 £9 °F) at a humidity of 95 +5% R.H.. to the higher
tureindicated in 26.3.2.2 for a period of 30 min, and back to a temperature of 25 +5 °C (77 19 °F)
} 9545 e i = : 3= min. During exposure

the audible signaling device is not energized except as noted between exposures.

26.3.2.4 An audible signaling device intended for outdoor 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 19 °F) at a humidity of 95 +5 % R.H. to the higher
temperature indicated below for a period of 30 min, and back to a temperature of 25 +5 °C (77 19 °F) at a
humidity of 95 +5 % R.H. The rate of change is to be 2 1 °C (3.6 £1.8 °F) per min. During exposure the
signaling device is not energized except as noted between exposures.

a) 66 +5 °C (151 £9 °F), 955 % R.H.; or

b) The highest ambient operating temperature specified in the products marking manufacturer’s
published instructions or on its marking.


https://ulnorm.com/api/?name=UL 464 2023.pdf

54 CAN/ULC 525:2023 ¢+ ANSI/UL 464 APRIL 28, 2023

26.3.2.5 At the completion of the appropriate high temperature exposure, while at the high temperature,
the environmental chamber is to be de-energized and the signaling device is to be momentarily energized
to verify that it is operational.

26.3.2.6 Following the high temperature exposures the samples shall be allowed to stabilize to room
temperature before being examined for damage and then subjected to the tests in Section 27, Humidity.

27 Humidity Test

27.1 Following the exposures in Section 26, Variable Ambient Temperature Test, an audible signaling
device shall operate as intended during and following exposure to high humidity without risk of fire or

electric shock.

272 A
position
that it i
322 °
noted b

273 A
position
that it i
6015°

n audible signaling device intended for indoor use in dry locations only-is|to
of intended use in an air circulating environmental chamber and momentaril
5 operational before being subjected to a relative humidity of 93\*2 % ar
C (90 4 °F) for a period of 24 h. During the exposure the signaling is not

btween exposures.

signaling device intended for indoor or outdoor use in-damp or wet locations
of intended use in an air circulating environment ghamber and momentarily
5 operational before being subjected to a relative’ humidity of 95 +5 % an
U (140 £9 °F) and maintained for 240 h. During the.exposure the signaling dev

except as noted between exposures.

274 A
signalin

275 H
remove
Section

27.6 H
stabilize
Section
reduced

t the completion of the humidity exposure; the environmental chamber is to &
j devices is to be momentarily energized to verify that it is operational.

be to be placed in a

energized to verify
d a temperature of
bnergized except as

is to be placed in a
energized to verity
d a temperature of
ces is not energized

e de-energized and

ollowing the operational check*in‘the humidity environment, the audible signgling device shall be

d from the humidity chamber-and within 5 min be subjected to and meet
23, Dielectric Voltage-Withstand.

ollowing the diele¢tric voltage-withstand test, the audible signaling device
to room ambigent_conditions for at least 1 h after which the signaling devics

the requirements of

shall be allowed to
shall be tested per

20, Output Sound Pressure Level. The signaling devices output sound pressuiire level shall not be

more than,3:dB from the output sound pressure level prior to the exposures o

28

28.1

28.1.1

26.3.1 and 26.3.2.

AIormal Operation and Burnout Test
i

An audible signal device shall not present a fire hazard or an electrical

consequence of an electrical fault or overload.

shock hazard as a

28.1.2 The devices under test shall be mounted as in normal service and oriented so as to represent the
worst case with respect to the emission of glowing particles, flame or molten metal. Five layers of
bleached cheesecloth, having an area of 26 to 28 m?kg (14 — 15 square yards to the pound) and a count
of 32 by 28, are to be located as close as possible below the sample under test.

28.1.3 Additionally, all openings of the unit enclosure are to be covered with a single layer of bleached
cheesecloth as described in 28.1.2.
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28.1.4 For each of the test conditions described in following sections, the test voltage is to be applied
and maintained until constant device temperature is attained, or until burnout, or until a catastrophic failure
occurs. During the test, exposed dead metal parts of the appliance are to be connected to ground through
a 15-ampere fuse.

28.1.5 When the unit provides for selection of several operating modes, during this test the unit shall be
set for the operation mode that normally would require the maximum current consumption.

28.1.6 Inthe case where a device under test employs interchangeable-type fuses, for the purpose of this
test these fuses are to be replaced with a fuse of the size fitting the fuseholder but having the highest
available current rating.

28.2 Abnormal supply line

28.2.1 | An audible signaling device shall not present a fire hazard or an électrical shock hazard as a
conseduence of the application of an abnormal supply.

28.2.2 | The device shall be driven by a 60 Hz supply having a capagity of 1000 VA or greater., The test
voltage shall be 120 V rms or 2 times rated voltage, whichever is greater.

28.3 Abnormal duty cycle

28.3.1 | An audible signaling device intended to produce a single-stroke signal pr intended only for
intermiftent duty shall withstand continuous energization at maximum rated voltage without the emission of
flame gr molten metal from the enclosure and without any other manifestation of risk ¢f fire, electric shock,
or injury to persons.

28.4 Compliance

28.4.1 | The audible signaling device shall be considered in compliance with the tgsts described in this
section|when the following requirements are met:

a) No emission of flame or molten metal;
b) The cheesecloth shall not be ignited by emitted material;
c) The maximum external enclosure temperature shall not exceed 90 °C (194 {F);

d) No'exposure of energized uninsulated parts at potential above 30 V after the input to the audible
sighaling device has been reduced to rated voltage; and input;

e) The dead metal parts and enclosure grounding fuse shall not open as a result of this test;

f) The requirements of Dielectric Voltage-Withstand, Section 23.
29 Component Stress

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

29.2 If the stress level of the component exceeds 90 % of its rated voltage, the component shall be
examined to determine whether open-circuit or short-circuit conditions introduce a risk of fire or electric
shock.
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29.3 To determine compliance with 29.2 the product is to be conditioned as follows

First, ap open, and then a short-circuit, are to be individually applied to the eon
condition is to be maintained until ultimate conditions are reached as .detér|
temperatures or burnout.

29.4 A product complies with 29.2 if, immediately following the test:

30 Ja

30.1 Tlhe audible signaling device shall withstand jarring resulting from impact anticig
applicalI‘on without dislodgement of any (parts, including covers or grills, and W

subseq

signalin

30.2 ne impact is to be applied with the audible signaling device de-energized ang

applied

NOTE: F

a) Energized 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 fabricat

ed 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.

I) There is no burning of the cheesecloth;
) The fuse from the enclosure to ground does not openyand

) The signaling device complies with Section 23,.Diélectric Voltage-Withstand

ring
ent intended operation. The deyice shall be mounted in the position of inten

with the device driven at rated voltage. The impacts shall not result in:
a) Unintended operation;
D) Inhibition, ofintended operation; or

) Damage that exposes high-voltage un-insulated current carrying parts.

nponent. Each fault
mined by constant

Test.

ated in the intended
ithout impairing its
ded use. An audible

 device intended for wall or ceiling mounting shall be tested in the wall-mountgd position.

one impact is to be

4lling’ off of the sample's cover shall be permitted only when parts operating at a potential greate

than 30 Vac or 42.4 Vdc

are not exposed, operation is not affected, and the cover can be replaced as intended.

30.3 The audible signaling device shall be mounted in the position of intended use to the center of a
1800 mm by 1200 mm (72 in by 48 in), 19 mm (3/4 in) thick plywood board which is secured in place at the
four corners. See Figure 30.1. A 105 mm (4 in) square steel plate, 3.2 mm (1/8 in) thick, shall be rigidly
secured to the center of the reverse side of the board. A 4.08 J (3 ft-Ib) impact is to be applied to 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) ene
the mounting of the equipment.

rgy depending upon


https://ulnorm.com/api/?name=UL 464 2023.pdf

APRIL 2

8, 2023 CAN/ULC 525:2023 ¢+ ANSI/UL 464 57

304
then sy

31 Vi

31.1
without

31.2
service
shall b
(0.009

Figure 30.1

Jarring Test

Steel Sphere

Steel Plate — / T
- \ I T

Product Under Test
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(1) (2)
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N
lt— 5> —

Test Method For Unit Test Method For Unit
Intended to be Mounted Intended to be Mounted
Vertically Horizontally
su1889

-ollowing the jarring, the audible“signaling device shall be examined for dislodgement of parts and
bjected to Section 31, Vibration Test.

bration

An audible signaling device shall withstand vibration without breakage or damage to parts, and
development of any condition, which would impair its intended operation.

The sample used in the jarring test, in the de-energized state, shall be mpunted as in normal

to.a 19 mm (3/4 in) thick fir plywood sheet, 460 mm by 460 mm (18.1 by 18.1 in), which, in turn,
e securely fastened to a variable speed vibration machine having an amplitude of 0.25 mm
in). An audible signaling device intended for wall or ceiling mounting shall be tested in the wall-

mounted 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.

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 audible signaling device output sound pressure level shall not be reduced more than 3 dB
from the output sound pressure level prior to the test in 31.2; and

b) Dielectric withstand test in accordance with Section 23, Dielectric Voltage-Withstand.
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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, or transmittal of the stress, to internal connections.

32.3 The cord shall also be provided with means to prevent the cord from being pushed inside the
enclosure if, when pushed inside, the following is capable of occurring:

) The insulation of the cord being subjected to temperatures or voltages pbove the assigned
atings;

) The cord coming into contact with sharp or moving parts capablerof damaging the insulation of
he cord or affecting the performance of a fire or emergency warning-audible signaling device; or

) The cord displacing a part, resulting in a reduction of spacing,

32.4 To determine compliance with 32.4, the supply cord or/lead is to be held 25.4 mm (1 in) from the
point where the cord or lead emerges from the product and then pushed back into the product. When a
removaple bushing which extends further than 25 mm.is<present, it is to be removed prior to the test.
When tine bushing is an integral part of the cord, the testis to be carried out by holdihg the bushing. The
cord or|lead is to be pushed back into the product-in®25.4 mm increments until the|cord buckles or the
force to|push the cord into the product exceeds 26{7*N (6 Ib-f).

33 Corrosion Tests
33.1 General

33.1.1 | The performance of an)audible signaling device shall not be adversely affected following
exposute to the tests specified in 33.2, Hydrogen Sulphide, and 33.3, Sulphur Dioxide — Carbon Dioxide.
Audible|signaling devices-intended for outdoor-use shall also not be adversely affected following exposure
to the tgst specified in 33.4; Salt Spray.

33.1.2 | Four as-feceived samples are to be tested for indoor-use and six as-received samples are to be
tested fpr outdoor-use. Two samples are to be subjected to the corrosion conditions specified in 33.2,
Hydrogén Sulphide, and the other two samples are to be subjected to the conditiops specified in 33.3,
Sulphur] Bioxide-Carbon Dioxide. Two audible signaling devices intended for outdoT)r-use shall also be
subjected o a salt spray specified in 33.4, Salt Spray. 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 audible signaling device 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.

¢) 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 audible signaling device, 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 the previous day is to be thoroughly purged from the chamber. On the fifth
and sixth day of the exposure, the chamber is to remain closed and no purging or intJ;oduction of gasis to
be conflucted. During the exposure, the gas-air mixture is to be gently stirred by'means of a small motor-
driven fan located in the upper-middle portion of the chamber. A small amount:ofwater (10 ml/0.003 m? of
chamber volume) is to be maintained at the bottom of the chamber for humidity.

33.2.3 | For an outdoor-use audible signaling device, two samples are to be exposed
sulphide-air mixture in a closed glass chamber as described in 33.2.1. The hydrod
suppli
through fourth, and seventh through tenth days, an amount.ef hydrogen sulphide e
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33.3 $ulphur dioxide — carbon dioxide
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dioxide equivalent to
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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.

33.3.3 For an outdoor-use audible signaling device, 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 audible signaling device, 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 gravity between 1.0255 and 1.0400 at 25 °C (77 °F).

33.5 Alternative indoor corrosion test (21-Day)

33.5.1 The 21-day corrosion test outlined in 33.5.2 — 33.5.4 may be conducted in lieu of the Corrosion
Test in Sections 33.2 and 33.3.

33.5.2 [ Two samples are to be placed in a 200 L or larger test chamber on a platform approximately 2 in
(50.8 ) above the bottom of the chamber. The temperature in the chambershall pe maintained at 30
12 °C (86 13 °F) and the relative humidity at 70 £2 % (measured directly in the‘chamber). The temperature
and humidity are to be checked daily. Because of the corrosive atmosphere a set pf wet and dry bulb
thermometers shall be used for measurement of relative humidity.

air exchlange in the chamber of about five times /h, for a period of-3 weeks: 100 £10 darts per billion (ppb)
(parts per billion = parts per 109 by volume) hydrogen sulfidé. (H,S) plus 20 £5 pplp chlorine (CI2) plus
200 50 ppb nitrogen dioxide (NO,). The air inside the chamber is to be circulated by a single fan, with
flow upyards from the bottom.

33.5.3 | The following gas mixture in air is to be supplied to the chamber at a rate su{icient to achieve an

33.5.4 |Following exposure to the environment‘the sample shall be allowed tp stabilize to room
conditions and then shall comply with 33.1.3.

34 Wdter Spray Test

34.1 An audible signaling device intended for outdoor-use or use in a wet environment shall operate as
intendeg and shall be free from shock exposure during and after exposure to watgr spray for 1 h. An
outdoortuse audible signaling device intended for mounting in such a manner and locdtion that it would not
be expgsed to rain or waterseepage, need not be subjected to this test providing the audible signaling
device i appropriately marked and the exception detailed in the manufacturer’s published instructions.

34.2 An enclosure constructed from a polymeric material shall be conditioned for 7| h at 70 °C (158 °F)
prior to fhe application of water spray.

34.3 An A-weighted sound output shall be conducted, following conditioning (if apglicable), prior to the
applicatiormof waterspray. The measurement shattbetonductedimasoundToom or other controlled
environment.

34.4 The audible signaling device 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 audible signaling device.

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 audible signaling device is to be approximately 1 m. The audible signaling device 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 audible signaling device enclosure or other parts of the assembly
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where the presence of water would impair the audible signaling device 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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34.6 The test set-up shall be arranged so that the audible signaling device shall be driven at maximum
input power before the application of the water spray.

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

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

34.9 The audible signaling device 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 audible signaling device shall be driven
at the maximum input power for 5 min, and then the A-weighted sound pressure levelishall be measured in
accordance with 34.3.

34.11 |The audible signaling device shall be considered in compliance with this tegt when the following
requirements are met:

a) The device output sound pressure level shall not-bé reduced more than § dB from the output
sound pressure level prior to the water spray application;

b) No dielectric breakdown as tested per 34.9%and

c) There shall be no signs of water inxthe enclosure capable of wetting dninsulated electrical
components.

35 Polarity Reversal

35.1 An audible signaling devicej-intended to be connected to a specific polarity,| shall operate for its
intenddd signaling performance.after being connected 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 audible pignaling device is to
be conpected to a source-ef:supply having the correct polarity.

35.2 The test shall'hot:
a) Cause unintended operation;

b) Inhibit intended operation;

c) Damage any part; and

d) Adversely affect subsequent normal operation.
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.

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.
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Table 36.1
Maximum Acceptable Continuous Current
Frequency Maximum acceptable current through a 500 Q resistor
(Hz)? (mA) Peak
0-100 71
500 9.4
1000 11.0
2000 141
3000 17.3
4000 19.6
5000 22.0
6000 25.1
7000 or more 27.5
@ Linear jnterpolation between adjacent values may be used to determine the maximum acceptable curren{ corresponding to
frequengies not shown. The Table applies to repetitive nonsinusoidal or sinusoidal waveforms.

36.3 The duration of a transient current flowing through a 500 Q resistor connected K
earth grpund or other exposed accessible part shall not exceed thefollowing:

36.4 The interval,between occurrences shall be equal to or greater than 60 s if the

@) The value determined by the following equation:

143
202
T<|=—

Vhere:
I = The peak current in milliamperes; and

T = The interval, ih ;seconds, between the time that the instantaneous
first exceeds 7.1 mA and the time that the current falls below 7.1 mA for|

i) 809 mA, regardless of duration.

etween the part and

value of the current
the last time; or

current is repetitive.

Typical falculated‘values are shown in Table 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 7.22s
8.5 5.58
10.0 4.42
125 3.21
15.0 2.48
175 1.99
20.0 1.64

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

225 1.39

25.0 1.19

30.0 919 milliseconds
40.0 609

50.0 443

60.0 341

70.0 274

Qﬂ.n 22[2

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 between the accessible terminals of the capacitor|shall not exceed the
values given by the following equatiens:

( 88,400
E'"™ (InE-1.26)

for 42.4 < E <400

or:

C=35288E 3% 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 link.

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

ooU J.00

360 4.22

340 464

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 reference to the requirements of 36.2 and 36.3, the current is to be measured while the
resistor|is connected between ground and each accessible part individually, and [all accessible parts
collectiely,)if the parts are simultaneously accessible. The current also is to be fneasured while the

resistor 15 connected between one part or group of parts and another part or group of
simultaneously accessible.

arts, if the parts are

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 audible signaling device 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 electrical breakdown of the antenna isolating means, the breakdown does not result in a risk
of elecfric shock and, in a construction employing an isolating power transformer, the resistance of the
condudtive connection between the supply circuit and chassis does not exceed 5(2 M).

36.13 | The maximum value of 5.2 MQ specified in 36.12 is to include-the maximum tolerance of the
resistor value used; that is, a resistor rated 4.2 MQ with 20 % toleranceor’a resistor rated 4.7 MQ with a
10 % tplerance is acceptable. A component comprised of a capacitor, with a built-in shunt resistor that
complig¢s with the requirements of CSA C22.2 No.1 or UL 60384, may.be rated a minimmum of 1/4 W.

37 Pglymeric (Plastic) Materials Tests
37.1 General

37.1.1 | Polymeric materials used for the sole support of current-carrying parts, or for all or part of an
enclos:tre of an audible signaling device, shall be’subjected to the tests in Air-Oven fAging (Temperature),
37.2 and Flame Test — 19 mm (3/4 in), 37.3,and Flame Test — 127 mm (5 in), 37.4. Where possible, a
complgte audible signaling device shall be~used.

37.1.2 | An audible signaling deviece-molded from polymeric material rated Flammability class 5VA in
accord@nce with:

a) In Canada only: CSA'C22.2 No. 0.17; and

b) In the United States only: UL 94.
is cons|dered to.comply with the requirements of 37.3 and 37.4 without the necessity ¢f further tests.

37.2 Air-oven aging test (temperature)

37.2.1 There shall not be warping that impairs intended operation; exposes high-voltage uninsulated
current carrying parts or affect the enclosures environmental integrity when representative 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 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
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sound level measurements in 20.2, Determination of sound reduction. Where the conditioning process has
damaged electronic components, it is permissible to replace them.

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 audible signaling device rated 30 Vac (42.4 VV 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
complefely consumed.

37.3.2 | Three samples of the equipment are to be conditioned by placing them|in‘a fo
air ovef maintained at a uniform temperature not less than 10 °C (18-°F) higher
tempergture of the material measured under normal operating conditions, and not less
in any gase. The samples are to remain in the oven for 7 days. After cooling to roo
minimuim of 4 h, the samples are to be tested as described in 37.3.3 ~37.3.6.

rced draft circulating
than the maximum
than 70 °C (158 °F)
M temperature for a

Exceptipn: Unconditioned test samples may be used when both.of the following condiffons are met:

&) The material does not exhibit a reduction in its.flame-resistance propertieg
erm thermal aging; and

as a result of long-

b) The thermal-aging program used for stich determination included specimen
@qual to or less than the wall thickness-0fthe polymeric part.

37.3.3 | Three samples of the part are(to be subjected to the Flame Test describ
performiance of the test, the equipment’is to be supported in its normal operating pd
location. Nonpolymeric portions are'not to be removed and insofar as possible, the in
the equ|pment is to be in place. The flame is to be applied to an inside surface of the

5 having a thickness

ed in 37.3.5. In the
sition in a draft free
ernal mechanism of
sample at a location

judged gs capable of becoming ignited because of its proximity to a source of ignitiof. Each sample is to

d with the flame applied to a different location.

ibn: Unconditioned test samples may be used when both of the following condi]

&) The material does not exhibit a reduction in its flame-resistance properties

ons are metf:

as a result of long-

erm thermal aging; and

S having a thickness

37.3.4 With reference to 37.3.3, the sections judged capable of becoming ignited are to be those
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.
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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.

37.4 Flame Test— 127 mm (5 in)

37.4.1 When tested in accordance with 37.4.2 — 37.4.6, a plastic material employed as part of an audible
signaling device 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;

) F:alllillg dlupa Of ﬂalllilly Of yiuvvillg }Jdl—t;bicb Hrat igllitc cwgibai cottomr365mm (12 in) below the
test specimen shall not be emitted by the test sample at any time during the test; and

c) The material shall not be destroyed in the area of the test flame to sugh an extent that the
integrity of the part is affected with regard to containment of fire or exposure of|high voltage parts.

37.4.2 | Three samples of the complete equipment or three test specimens of the molded part shall be
subjected to this test. Consideration is to be given to leaving in‘place components|and other parts that
influeng¢e the performance. The test samples are to be conditioned in a full draft circulating air oven for 7
days a{ 10 °C (18 °F) greater than the maximum use temperature and not less than 70 °C (158 °F) in any
case. [Prior to testing, the samples are to be conditioned for a minimum of 4Q h at 23.0 £2.0 °C
(73.4 3.6 °F) and 50 5 % relative humidity. The flame.is to be applied to an inside gurface of the sample
at a lodation judged as capable of becoming ignited because of its proximity to a source of ignition. When
more than one part is near a source of ignition,.each sample is to be tested with the flame applied to a
different location.

Exceptfon: Unconditioned test samples may be used when both of the following condifions are met:

a) The material does not exhibit a reduction in its flame-resistance properties as a result of long-
term thermal aging; and

b) The thermal-aging-program used for such determination included specimens having a thickness
equal to or less thamnthe wall thickness of the polymeric part.

37.4.3 | The threessamples shall perform as described in 37.4.1. When one sample does not comply, the
test is fo be repedated on a set of three new samples with the flame applied under th¢ same conditions as
for the hinsuccessful sample. All the new specimens shall comply with 37.4.1.

37.4.4 |_The Bunsen or Tirrill burner with a tube 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 placed remote from the specimen, ignited, and adjusted
so that when the burner flame is 127 mm (5 in), the height of the inner blue cone is 38 mm (1-1/2 in). The
tube is not to be equipped with end attachments, such as stabilizers.

37.4.5 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.
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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.

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

o g 0 g or outdoor use shall
not shaw visible signs of deterioration, such as crazing, cracking, or dimensional|change after being
subjected to the Ultraviolet Light Exposure Test and Water Exposure and Immetsion| Test in accordance
with the|following standards:

I) In Canada only: CSA C22.2 No. 0.17; and

) In the United States only: UL 746C.

37.5.2 | An outdoor-use audible signaling device molded from/polymeric material rafed class f1 or f2, in
accordgnce with CSA C22.2 No. 0.17 and UL 746C is considered to comply with the [requirements of this
section without the necessity of further tests.

37.5.3 | Samples that show visible signs of deterioration, such as crazing, cracking, or dimensional
changel[shall be subjected to the tests described in'Section 34, Water Spray.

38 Mechanical Strength Tests for Enclosures

38.1 An audible signaling deviceenclosure assembly, including a grille and/on exposed horn, as
applicable, shall be of sufficient:mechanical strength to withstand abuse antigipated in shipping,
installatjon and service.

38.2 A sample shall be. mounted in accordance with the manufacturer’s published jinstructions. A push
force of 110 N shall be/gradually applied and maintained for 1 min by means of [a 12.7 mm (1/2 in)
diametdr steel hemisphere to the external surface most likely to impair the operatlon of the device or
create { risk of firglor electric shock.

38.3 A sample shall then be mounted in accordance with the manufacturer’s published instructions and
Figure 881 Three impacts of 7 J (5 foot pounds) shall be applied by means of alsolid, smooth, steel
sphere 50 mm (2 in.) in diameter, with a mass of 540 g (1.19 Ibs.) The sphere shall either be dropped from
a sufficient height (usually 1300 mm from the bottom of the ball to the surface to be impacted) or swung
through a pendulum arc from a sufficient height to apply an impact force of 7 J of energy to the external
surface most likely to impair the operation of the device, or create a risk of fire or electric shock.
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Figure 38.1

Mechanical Strength Tests for Enclosures

Steel ball
start
position
Steel ball
start
position
|

\{/ Steel ball \§
I impact N E
H | position 2
i / o

[ < C

\ ! N5 ‘

o H
NN r
Re] -~
Test & Test \Steel bl
sample \'x sample impac
positiop
/Rpud/m?po/rtm Eurf/ace/ / \\\ Rigid supporting surface
$40108 AN NN N

38.4 WWhen the audible signaling device is intended for indoor use, the impacts specjfied in 38.3 are to be
condudted at room temperature..Y¥hen the device is intended for outdoor use, the impacts are to be
condudted after the units have beeh conditioned at minus 40 °C (minus 40 °F) for 3 h.

NOTE: Hor 38.2 through 38.4,-unless specified, the same sample may be reused for each of the aboVe applied forces. It is not
prohibitefl to use a different sample for the application of each force in 38.2 and 38.3.

38.5 As a resultof the tests specified in 38.2 through 38.4, there shall be no eXqposure of live parts,
impairment of the operation of the speaker, or creation of a risk of electric shock.

38.6 A.bending force created by a 3.0 m (118-7/64 in) minimum length of conduit|of the intended size
shall bemstatted:

a) In a 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:

W= (0.1M-0.5CL)/L
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In which:

W s 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:

38.8 Hollowing the application of each(force, the audible signaling device is to be e

and end

I is measured in meters;

C is measured in kilograms; and
is in Newton-meters.

V is measured in pounds;

L is measured in inches;

C is measured in pounds; and

M is in pound-inches.

AL [ D |
VIS TIICasurcu irt Ruyrartio,

or the inch-pound system of units:

rgized from a source of rated-voltage and frequency to check for intended oy

amined for damage
eration. Cracking of

the enclosure is permitted if it does\not impair intended operation but is not when a dyist- or moisture-tight

enclosure is used.

389 T
potentig

applicalon of the forces and impacts of 38.2. The integrity of the conduit termination

as aco
operatin
and the

here shall be no(réduction in electrical spacings, no exposure of uninsulate
| above 30 Vac\(42.4 volts DC or AC peak), and no impairment of performance

| energized parts at
during and after the
shall not be reduced

sequencelof the test of 38.2. Falling off of the sample's cover shall be permitt

d only when circuits

g at greater than 30 Vac (42.4 volts DC or AC peak) are not exposed, opergtion is not affected,
cover can be replaced as intended. A dielectric withstand test of the sample shall be conducted in
accordgnee’ with Section 23, Dielectric Voltage-Withstand. The output sound pressufe level shall not be

reduced

more than 3 dB from the output sound pressure level prior to the test above.

39 Interference from Radio Frequency and Electromagnetic Radiation

39.1 General

39.1.1

Prior to the tests specified below, the device is to be subjected to the test specified in Section 20,
Output Sound Pressure Level.

39.1.2 Audible signaling devices 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

Audible signaling devices 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:

2\ Causinaunintandaed-oneration-
Hoats RHAteRaea-6peratons

39.2.2
and sy
signalin
edge o

39.2.3
voice 1
866 MH
of 5s'q
is to bq
the:

g4
b) Inhibiting intended operation;
c) Damaging any part; or

d) Adversely affecting its subsequent normal operation.

Two audible signaling devices shall be energized from @)'source of rated vq
bjected to transients generated from transmitters located 300 mm (11.8
g device. The 300 mm distance is to be measured.from the transmitter an
the signaling device under test.

Five separate transmitter units shall be enéfgized in turn, each havinga 5 W
hessages, and operating at the nomindlfrequencies (2 %) of 27 MHz,
1z, and 910 MHz. A total of six energizations are to be applied from each trans
n'and 5 s 'off', followed by one consisting of a single 15 s energization. For thi

in the same room as the audible, signaling device under test. The tests are

a) Antenna tip pointed directly at the signaling device; and

b) Antenna at right‘angles to the direction (a) and centered on the signaling dg
39.1.

Itage and frequency
n) from the audible
fenna to the nearest

output using random
50 MHz, 450 MHz,
mitter, five to consist
5 test, the transmitter
o be performed with

vice. Refer to Figure
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Figure 39.1

Extraneous Radio Frequency Transients
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An ac-operated audible-signaling device rated at greater than 30 Vac shall
ng subjected to transients’induced directly into the power supply circuit.

For this test, the audible signaling device is to be connected to a transient g
ng the transients_described in 39.3, Supply-Line Transients. The output imped
br is to be 50-Q.

Thedransients produced are to be oscillatory at 100 kHz and are to have an i
Thewise time is to be less than 0.5 ps. Successive peaks of the transient are t

bperate as intended

enerator capable of
ance of the transient

nitial peak voltage of
b decay to a value of

not mor

p than 60 % of the value of the preceding peak

39.3.4 The audible signaling device 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 audible signaling device 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 Audible signaling devices 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 audible signaling device.

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/us, 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 ys, and energy levels not less than 0.3 J or greater

than 1.2 J.

39.5.3
pulses

39.5.4

The audible signaling device is to be subjected to 60 transient pulses-indu
per min as follows:

a) Twenty pulses (two at each transient voltage level specified in139)5.2) betw
or terminal and earth ground, consisting of ten pulses of one polarity, and
polarity (total of 40 pulses); and

b) Twenty pulses (two at each transient voltage levelspecified in 39.5.2) bet
leads or terminals consisting of ten pulses of one polarity and ten of the oppos

Following the test in 39.5.3, the output sound-pressure level shall not be red

ced at the rate of six

een each circuit lead
ten of the opposite

ween any two circuit
te polarity.

iced more than 3 dB

from the sound output pressure level prior to the test:

40 Evaluation of Conformal Coatings on Printed Wiring Boards

40.1 [Evaluation of conformal coatingscshall be in compliance with UL 746E, and/or CSA C22.2 No. 0.17,
and thé¢ combination of the conformal” coating and the printed wiring board shall be investigated for
flammgbility in accordance with UL-94, and/or CSA C22.2 No. 0.17. The coating shall not be less than
0.2 mm (0.008 in) thick.

40.2 Three samples of'the printed wiring board without electrical components instajled, and coated with
the conformal coating,(shall be subjected to Section 23, Dielectric Voltage-Withstand.

40.3 There shallnot be peeling, crazing, chipping, or other visual evidence of deterjoration or separation
of the ¢oating.from the board as a result of the conditioning. There shall be no ind{cation of a dielectric
breakdpwn.

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; and

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 Dielectric Voltage-Withstand, Section 23.

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.

41.1.5 During the test, a motor in an appliance having a nominal rating of 115 V is to be connected to a
circuit Having a voltage of 120 V, and a motor in an appliance having a nominal rating of 230 V is to be
connecfed to a circuit having a voltage of 240 V. A motor having any other v6llage rating is to be
connecied to a circuit having a voltage of 100 — 105 % of the voltage rating of the;motqr.

41.1.6 | To determine if a motor complies with the requirements in this section, tempegrature readings are
to be taken as follows:

) For a totally enclosed motor — a motor whose outer metal enclosure| is complete — the
mperature is to be measured by means of a thermocouple on the enclosure;

) For any other motor, the temperature is to be_measured by means of a thermocouple on the
integrally applied insulation of the winding under. the coil wrap, if such is present; and

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

41.2 Thermal or overcurrent protection

41.2.1 [When the rotor of the motop'is locked, the maximum temperature on a mofor winding shall not
exceed the temperature limits specified in Table 41.1.

Table 41.1
Maximpum Temperatures — Locked Rotor Temperature Test for Motor with Thermal or Overcurrent
Protection
Protector type Motor insulation class
A E B F H N R
o (D:) o (D:) o (O:) o (0:) oM~ (D:) T ad (OF) OC (OF)
1. Automatically
reset:
a) During 1sth? 200 (392) | 215 (419) | 225 (437) | 250 (482) | 275 (527) | 295 (563) | 315 (599)
b) After 1sth @ 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 1sth 200 (392) | 215 (419) | 225 (437) | 250 (482) | 275 (527) | 295 (563) | 315 (599)
b) After 1sth 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

Protector type Motor insulation class

A E B F H

°Cc (OF) °c (oF) °C (oF) °C (oF) °c (OF) °Cc

(°F) | °¢  (°F)

i) The temperatures are to be recorded for:
a) The second h of operation or until the temperatures stabilize, whichever is longer; and

b) The seventy-second h of the test.

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-
these

p )
temperqzure. The temperatures of the hottest thermocouple are to be used.

Stabilized temperatures are obtained when the maximum temperatures readings of three successive cycles are within 2 °C (3.6 °F)

second h. For each of
rature and reset

41.2.2 | Temperatures are to be measured by thermocouples on the surface,of coils
on a manually reset protective device is to be continued for four operatiens of the dg
being reset as quickly as possible after it has opened. For an automatically reset de
test is fo be continued for 72 h unless the signaling device includes.another control
will limif the duration of the operation to a shorter interval. During the test, the motor is
source[of supply as specified in Table 19.1.

41.2.3 | An automatic-reset thermal protector of a motofshall perform as intended wk
with the rotor of the motor locked, and with the motoréiconnected to a supply circuit ha
— 110 Pb of the rated voltage of the motor. There,shall not be any permanent d
(including excessive deterioration of the insulation). Reset thermal protector that pej
circuit prior to the end of 15 d is not required te'be tested for the full 15 d test period.

4124
motor V
373 W

There shall not be any ignition™of cotton surrounding the enclosure of a th
vhen three samples of the device are subjected to limited short-circuit currents
output (0.5 hp), or less, and’250 V or less, the current is to be 200 A. For

bf the motor. The test
vice, with the device
ice, the locked-rotor
[such as a timer) that
to be connected to a

en operated for 15 d
ving a voltage of 100
bmage to the motor
rmanently opens the

ermal protector of a
For a motor rated at
motor having other

ratings
circuit

circuit.
rating i
not to |
one sa
the cirg

but not more than 746"W output (1 hp), the current is to be 1000 A. The pojer factor of the test
s to be between 0.9.—+1.0, and the circuit capacity is to be measured withgut the device in the
A non-renewable-cartridge fuse is to be connected in series with the device lunder test. The fuse
5 to be not lessthan four times the rated current of the signal appliance except[that the fuse rating is
e less than 20 A for a signaling device rated 150 V or more but not more thgn 600 V. The test on
mple is tobe*made by closing the device on the short circuit, and, if the devicg permanently opens
uit, it shal) do so without grounding to the motor frame, damage to the motor, gr resulting in a risk of

fire. A
the loc

anual-reset thermal protector of a motor shall interrupt for 50 operations, without damage to itself,

:Fed-rotor current of the motor.

Exception: A signaling device 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.

413

41.3.1

Impedance Protection

When operated under locked-rotor conditions for 15 days:

a) A motor shall not exceed the temperature limits specified in Table 41.2, during the first 72 h of
operation;

b) The motor winding shall not burn out or become grounded to the frame, nor shall there be any
evidence of excessive deterioration of insulation; and
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c) The supply-circuit fuses shall not open.

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

Maximum Temperatures — Locked Rotor -{'Zm?)::étzure Test for Impedance Protected Motors
Maximum temperature
Motor insulation system

°C (°F)
Class A 150 (302)
Class E 165 (329)
Class B 175 (347)
Class F 200 (392)
Class H 225 (437)
Class N 245 (473)

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
produciphg an alarm signal for at least 5 min_at'the battery voltage at which a troublg¢ 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 notification appliange shall be equipped
with batteries that have been depleted and stabilized at a level just at the trouble signgl 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 initlal measurement. At
the end|of the 5 min of atarm, the alarm shall be reset and the samples monitored fopr the presence of a
trouble gignal for a minimum of seven days.

42.1.3 | It is 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 milligmpere (1 % load) or less drain, continuously, until the battery voltage reachep the predetermined
test leveh b 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 min for seven consecutive days.

42.2 Battery trouble voltage determination

42.2.1 Anincrease in the internal resistance, or a decrease in terminal voltage, of a battery employed as
the primary source of power to a notification appliance shall not impair operation for an alarm signal before
a trouble signal is obtained. Any combination of voltage and series resistance at which a trouble signal is
obtained shall be greater than the battery voltage and resistance combination measured over a 1 year
period in the room ambient condition of the 42.3, Primary Battery Tests.
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42.2.2 The trouble level of a battery operated notification appliance shall be determined, using the test
circuit in Figure 42.1 and the voltage-resistance curves of Figure 42.2 for each of the following voltages:

a) Rated battery voltage;
b) Trouble level voltage (assuming minimal or no series resistance); and

c) Voltages between rated and trouble level voltage.

Figure 42.1

Test Circuit for Trouble Level Determination
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42.2.3

Figure 42.2

Battery Trouble Level Determination
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To determine compliance with 42.2.1 each of two notification appliances arg to be connected in

series with a variable regulated diréct current power supply and a variable resistor ag illustrated in Figure

42.1. The trouble level is to be determined by the following steps:

#) Rated Battery Valtage — The voltage of the power supply is to be set at the fated battery voltage
and the series resistor at 0 ohm. The resistor is to be increased in increments [of 0.1 — 10 ohms, at
& rate of notumore than one increment/min, until a trouble signal is obtaifed. The notification
appliance is to'be tested for alarm operation at each resistance level and at the[trouble level.

) Trauble Level Voltage — With the variable resistor set at 0 ohm, the voltage|of the power supply
volt, at a rate of not
nore than one increment/min, to the level where the trouble signa abtainmed. 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 bcmﬁmmﬁmmﬂwmrbefmﬁmd 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| When a battery is employed as the main source of power. for a notificatign appliance, it shall
providgd power to the unit under intended ambient conditions for at.least 1 year in the standby condition
including applicable requirements in Section 6, Control Unit~Interface and opdrate the notification
appliance for a minimum of 5 min of alarm followed by 7 days Gf trouble signal. See 42.2.

42.3.2 | For each of the following ambient conditions, six samples of the battery, or sets of batteries, shall
be tested for a minimum of 1 year while connected to._a simulated load to which th¢ battery is to supply
power:

) A room ambient temperature of 23 £2\°C (73.4 £3.6 °F) and 30 — 50 % relative humidity;
b) Applicable high temperature as defined in 26.3.2, High Temperature Test;
c) Applicable low temperaturetas defined in 26.3.1, Low Temperature Test; ang

d) Applicable humidity as-defined in Section 27, Humidity.

42.3.3 | For the test, loads'simulating a maximum standby current drain shall be gmployed. The alarm
load is[to be the signaling appliance intended to be used in the notification appliancg or a load simulating
maximyim alarm conditions. The batteries shall be tested in the mounting clips employed in the notification
appliance.

42.3.4 | Terminals or jacks shall be provided on each test means to facilitate measurement of battery
voltagd, standby, and alarm currents. The measuring means is to be separated from the battery test
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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batteries to the conditions specified in 42.3.2 (b) — (d) then the notification appliance shall be marked to
indicate the battery limitations for the ambient condition involved.

42.4 Rechargeable batteries used as standby power source

42.4.1 Rechargeable batteries used as a standby power source, shall comply with the requirements in
4242 -42.5.2.

42.4.2 To determine battery capacity of a rechargeable battery, the battery is first to be charged by
applying primary input power to the notification appliance for 48 h during which the notification appliance is
to be in the normal standby condition. After 48 h, primary input power is then to be disconnected and
terminal voltage of the battery is to be measured 1 min after disconnection. The measured terminal voltage

shall be|

42.4.3

secondary battery for a minimum of 24 h, or the manufacturer’s minimum claimed star

is great

42.4.4
measur
over tim

3 dB drgp from the initial measurement.

42.4.5
longer
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product
power i
termina
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at least 95 % of the battery manufacturer’'s marked voltage rating.

Following 42.4.2, the notification appliance is to remain powered in|stand
Br.

At the conclusion of the standby discharge period in 42.4.3,-the battery tern

bd and the notification appliance is to be placed in alarm‘for 5 min and the sg
e following the method described in 20.2, Determination of Sound Reduction,

While in the alarm mode, a trouble signal shall be sent when the notificatig
rovide the level of performance required by-42.4.4. The trouble signal shall be
bntrol unit that individually identifies the notification appliance.

attery charging current test

The maximum charge rate as well as the maximum trickle charging currer
shall be limited so that it does not exceed the battery manufacturer's recomme

At the conclusiop-of the test sequence described 42.4.2 — 42.4.4, primary
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with no more than a

n appliance can no
registered at the fire
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nput power is to be
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5 to be disconnected and the battery-terminal voltage measured after one

attery replacement test

charging cycle, the

is to be in the.normal standby condition. At the conclusion of the 48-h rechargg time, primary input

in. The measured

voltage shall be at least 95 % of the battery manufacturer’s marked voltage rating.

42.6.1

A notification appliance with batteries that are intended to be replaced, shall

of removal and replacement of the battery.

withstand 50 cycles

42.6.2 For this test, the notification appliance is to be installed as intended and the battery or batteries
shall be removed and replaced as recommended by the manufacturer. Following the 50 cycles, product
shall then be tested for intended operation. The replacement of the batteries shall not impair the intended
operation of the product.
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MANUFACTURING AND PRODUCTION TESTS
43 General

43.1 To ensure compliance with these requirements in production, the manufacturer shall provide the
necessary production control, inspection, and tests.

44 Production-Line Dielectric Voltage-Withstand

441 Each audible signaling device assembly rated at more than 30 Vac (42.4 V DC or AC peak) shall be
subjected to this dielectric voltage-withstand test.

44.2 The dielectric test potential shall be an essentially sinusoidal AC potential of*al frequency within the
range ¢f 40 — 70 Hz, or a DC potential as specified in Table 44.1, for 60 s or 1 sCThe {est potential shall be
applied between:

a) Field-wiring connections and the enclosure;

b) Field-wiring connections and exposed dead-metal parts\which could become electrically live;
and

c) Field-wiring connections of circuits operating at different potentials or frequgncies.

Exceptjon: This test is not required to be conducted on audible signaling devices and similar components
mountgd in enclosures made of wood or other nonconductive material when the components cannot be
touchegl or handled in the use of the product, and when the mounting screws (or the equivalent) are not
exposdgd on the exterior of the cabinet.

Table 44.1
Production-Line Dielectric Voltage-Withstand Test Potential
60-second test 1-seciond test
Voltage potential - - - -

AC potential DC potential AC potential DC potential
30V AQ, 42.4V DC or less Not applicable Not applicable Not applicable Not applicable
150 VAC rms or less 1000 V 1414V 1200 V 1697 V
More thlan 150 V 1000 V plus twice 1414 V plus 2.828 1200 V plus 2.4 times 1697 V plus 3.394

the rated AC rms times the rated AC rms the rated AC rms times the rated AC
voltage voltage voltage rms voltage

44.3 Any reference or component grounds are to be disconnected prior to the test applications.

44.4 A printed-wiring assembly or other electronic-circuit component that is capable of being damaged
by, or of short-circuiting from, the application of the test potential is to be removed, disconnected, or
otherwise rendered inoperative before the test. A representative subassembly is not prohibited from being
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.

445 A 500 VA or larger transformer, the output voltage of which is capable of being varied, is to be used
to determine compliance with 44.2.

Exception: The 500 VA or larger transformer is not required when the high potential testing equipment
used is such that it maintains the specified voltage at the unit during the test.
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446 The test potential may 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 the 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 zero 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 the time limit specified in Table 44.1, without an indication of
breakdown or leakage of greater than 0.5 mA.

Manual

44.7 The test equipment is to include a visible indication of application of (the tg
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ach AC mains voltage, cord-connected device shall be tested, as a routine pr
ectrical continuity between the appliancetand the grounding blade of the attach
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n investigation of the appliance has shown that all exposed dead metal pa
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Canada; there are two official languages, French and English. Attention is drawn to the fact that s
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reset of an external

5 to be required, or an automatic reject of the unit under test is to(result. Other arrangements are

d across the line (or
D test potential, the

nected Products
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ment plug.

ent with leads and
rts that are likely to

d to contact during
t to verify electrical

ty between the(grounding blade and the frame or enclosure is determined to b¢ adequate.

me Canadian authorities

may requ

re.instructions to be in both official languages. Refer to Annex B.

46 Ge

46.1

neral

The following information shall be legibly and permanently marked on the device where it will be

readily visible after installation, readily visible by opening the enclosure cover, (refer to enclosure covers,
9.8) or readily visible by the removal of a grill or only the field installed fasteners:

a) Manufacturer’s or private labeler's name, trademark, or other recognized symbol of identification
and Model number or equivalent;

b) Input ratings as follows:

1) Voltage designation (regulated or special application);

2) Voltage type (direct current, full wave rectified, alternating current);
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