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Preface

This is the common ULSE and ULC Standard for Visible Signaling Devices for Fire Alarm and Signaling
Systems, Including Accessories. It is the fifth edition of CAN/ULC 526 and sixth edition of UL 1638.

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.

Only metric S| units of measurement are used in this Standard. If a value for measurement is followed by a
value |n other units in parentheses, the second value may be approximate. The)firsi stated value is the
requirement.

In Canada, there are two official languages, English and French. All safety warnings must be in French
and Epglish. Attention is drawn to the possibility that some Canadian authorities may require additional
markings and/or installation instructions to be in both official languages.

Annex C is identified as informative and is for informationalpurposes only.

Annexes A and B are identified as normative and form-a.mandatory part of this Standafd.

Note: Although the intended primary application of this Standard is stated in its scope, it is important to note that it remains the
respongibility of the users of the standard to judge its suitability for their particular purpose.
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INTRODUCTION

1 Scope

1.1 This Standard applies to visual signaling devices 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 Instal
Systems.

b) In the United States only: in accordance with the National Electrical Code
National Fire Alarm and Signaling Code, NFPA 72.

1.2 T
and ol

1.3 1

1.4 1

applications and intended for operation on Class 2 signal circuits as defined in:

1.5 \

requirgments of this Standard and the applicable requirements of:

hese requirements cover visible signal devices for use in ordinary (non-hazardg
tdoor locations. This includes:

a) Flashing visual devices used for fire alarm or emergency signaling in bo
private mode as defined in the glossary;

b) Emergency warning used to notify occupants that an emergency exists; and

c) Informative type visual signaling devices connected to or controlled by
emergency signaling system equipment, or both.

his Standard also applies to protective coverstand accessories used with visible

his Standard does not apply to visual 'signaling devices not intended for €

lation of Fire Alarm

, NFPA 70, and the

us) indoor locations

th public mode and

fire alarm or other

signals.

mergency signaling

a) In Canada only: CSA C22.1,\Canadian Electrical Code, Part I, Safety Standard for Electrical

Installations.

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

isible signaling ,devices for use in hazardous or corrosive locations shg

Il comply with the

a) In Capada only: CSA C22.1, Canadian Electrical Code, Part |, Safety Standard for Electrical

Installations, with respect to the location hazard.

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

NOTE: In the United States, general signaling appliances are covered by UL 464A.

1.6 A supplementary audible signal incorporated as part of a visible signaling device which is intended
for fire alarm application shall comply with the requirements of this Standard and the applicable
requirements of:

a) The Standard for Audible Signaling Devices for Fire Alarm and Signaling
Accessories, ULC 525 and UL 464; and

b) The Standard for Speakers for Fire Alarm and Signaling Systems, Includin
541 and UL 1480.

Systems, Including

g Accessories, ULC
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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 A 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.

2.3 A component shall be used in accordance with rating(s) established by its manufacturer for the
intendgd conditions of use.

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values"in parentheses|are explanatory or
approxjmate information.

4 Referenced Publications

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

4.2 The following publications are referencedin this Standard:
ASTM B86, Specifications for Zinc and.Zinc-Aluminum (ZA) Alloy Foundry and Die Castings
ASTM B117, Standard Practice for.Operating Salt Spray (Fog) Apparatus

ASTM |E28, Standard Test\Methods for Softening Point of Resins Derived from Pjne Chemicals and
Hydrodarbons, by Ring-and-Ball Apparatus

CSA CR2.1, Canadian Electrical Code, Part I, Safety Standard for Electrical Installations

CSA CP2.2 No: 0.4, Bonding of Electrical Equipment

CSA C2z2No 015, Adhesive tabels

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 60417, Graphical symbols for use on equipment
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NFPA 70, National Electrical Code

NFPA 72, National Fire Alarm and Signaling Code

UL 224, Extruded Insulating Tubing

UL 464A, Audible Signal Appliances for General Signaling Use

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 96
UL 98
UL 10
UL 10
UL 10
UL 161
UL 20
UL 60
UL 60

UL 60
Capad

UL 46;

D, Marking and Labeling Systems

b, Household Fire Warning System Units

D4-1, Rotating Electrical Machines — General Requirements

D4-2, Impedance Protected Motors

D4-3, Thermally Protected Motors

12, Lithium Batteries

b4, Household and Commercial Batteries

D65, Audio, Video, and Similar:Electronic Apparatus — Safety requirements
D86-4, Primary Batteries — Part 4: Safety of Lithium Batteries

B84-14, Fixed Gapacitors for Use in Electronic Equipment — Part 14: Sectional
itors for Electromagnetic Interference Suppression and Connection to the Supp

L/ULC 525, Audible Signal Devices for Fire Alarm and Signaling Systems, Includ

Specification: Fixed
y Mains

ing Accessories

ries

UL 14

BO/ULLC 541, Speakers for Fire Alarm and Signaling Systems, Including Accessd

ULC-S142, Fire Test for Heat and Visible Smoke Release for Discrete Products

ULC-S524, Installation of Fire Alarm Systems

ULC5

27, Control Units for Fire Alarm Systems

ULC-S545, Residential Fire Warning System Control Units

5 Glossary

For the purpose of this Standard, the following definitions apply:
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5.1 CANDELA - For the purpose of this Standard, the light output of a flashing light is measured with an
integration radiometer and the summation of light intensity over time (ldt) is used in the following equation
to determine the effective light intensity. The candela (cd) value assigned to a flashing light is calculated
and corresponds to the same value of candela of a fixed light operating under identical conditions of

observation, color, size, and shape:

In whic

~ (ldr)
C02+1,— 1))

h:

52 G
reading
but not

53 C
output
This af
tests s
measu

54 D
period

55 E
signal

Idt is the measured lumens recorded by the photometer over time for ten consed

0.2 is two-tenths of 1 s, the value which represents night-time threshotd-effeq
specified in the llluminating Engineering Society of North America Lighting Hand

t, — t; represents the time period of the light pulse.

ONSTANT TEMPERATURE - Temperature is considered. to“be constant whe
s indicate no change when taken at intervals of 10 % of the previously elapsed
less than at 5 min intervals.

RITICAL ANGLE — The five-degree (5°) dispersion angle that has the lowest rat
to minimum required light output for all five-degree increments within the plan
gle is identified by comparison of all raties.6f measurements obtained within t
pecified in Section 20, Measurement of Effective Luminous Intensity (Light O
red light to required minimum light shall'be equal to or greater than 1. For examp

Ratio = Measured light/minimum(required light
15¢cd/12cd
5/4 =1.25

UTY CYCLE —The ratio of the sum of all pulse durations to the total period
Of operation.

FFECTIVE LUMINOUS INTENSITY — The quantity of directly perceived light pr
levice, measured in candela (cd).

utive pulses

tive illumination as
book

n three successive
duration of the test,

o of measured light
e of measurement.
he plane during the
utput). All ratios of
le:

during a specified

oduced by a visible

56 E

requiring attention, but not a fire evacuation.

57 F

IRMWARE - A control program that is embedded in the notification appliance.

ERGENCY WARNING — A private mode visual signal used to indicate an emergency situation

5.8 FLASH DURATION — The light pulse duration, as measured between the 10 % of peak amplitude for
the leading and trailing edges of the light wave envelope in seconds.

5.9
system

equipment, or both.

INFORMATIVE — Textual, visual signaling controlled by fire alarm or other emergency signaling

5.10 LUMINANCE - The luminous intensity per unit area, measured in candela per square meter.
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5.11

MANUFACTURER'S PUBLISHED INSTRUCTIONS Published installat

ion and operating

documentation provided for each product or component. The documentation includes directions and
necessary information for the intended installation, maintenance, and operation of the product or
component.

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

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

Quincy,

MA. All rights reserved.)

5.12 PRIMARY BATTERY — A battery which can only be discharged once. It is not designed to be

rechar

5.13
the im
fire-ala

5.14
protec

5.15
refere
structy

sourcs.

5.16
of the
aplan

5.17
cause

5.18
accorq

5.19
perfor!

5.20

Jor) ! ) & P 4 1 H n
CavIT dlu TTustl UT PIrUutcLLCU Ul a Lriarygiinnyg CUrTerit.

pblementation and direction of emergency action initiation and procedure in‘the a
rm and signaling system.

PUBLIC MODE — Mode of operation intended to notify eccupants or inhg
ted by the fire-alarm and signaling system.

REFERENCE AXIS — The "reference axis" of a visible\signaling device is a line
ce point coincident with the geometrical axis of.thé light propagation patte
res, the reference axis is usually perpendicularito a plane passing through t

REFERENCE POINT — The “reference \point” of a visible signaling device is a
Visible signal device in line with the ggemetrical center of the light source projec
b passing through the edge of the light source.

RESONANCE - Condition ofpeak vibratory response where a small change in
5 a decrease in system response.

SECONDARY BATTERY — A battery that is intended to be discharged and rech
ance with the manufacturer's recommendations.

SOFTWARE - A program that is used to program a notification appliance’s
mance_through the device’s firmware.

PRIVATE MODE - Mode of operation intended to notify only those persens dir¢ctly concerned with

rea protected by the

bitants in the area

passing through the
rn. For symmetrical
he edge of the light

point on the outside
ted perpendicular to

excitation frequency

arged many times in

function and or its

manuf

SPECIAL TOOL - A device not normally carried by the public (e.g. a key), norEI\

ally provided by the

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

5.21
with a

TROUBLE SIGNAL — A visual, audible, or transmitted signal indicating a fault condition associated

notification appliance.

6 Control Unit Interface

6.1

A visible 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:
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7 Vis

1) ULC 527; and
2) ULC-S545.

b) In the United States only:
1) UL 864; and

2) UL 985.

ible Signal Pattern

7.1
complyf
(Light ¢
CONS]
8 Ge

81 T
constrd
determ

82 U
any ac

9 Eng

9.1 General

9.11

the ablises to which it is likely.to be subjected without adversely affecting its perform

partial
of othe
or elec

9.1.2
to prov

1 4l H H P | tlo Ladat 4 4+ '+ 44 £ H N | +
1MMCTOoo ULUNITTWIOT apculllcu, uilrc Ilulll. UuLpuL }JIU}JGHGLIUII }Jdllclll Ul a VIoIUIT DIE:
with the application requirements in Section 20, Measurement of Effective
Dutput).
FRUCTION

neral

he construction of a visible signaling device for fire alarm-or emergency use sk
ction requirements contained in this section unless;“Where permitted by test,
ined to be equivalent to these requirements.

nless otherwise indicated, the construction requirements specified for a produc|
cessories with which it is to be used.

tlosures

The frame and enclosure of a visible signaling device shall be sufficiently stron

Collapse with attendant reduction of spacings, loosening or displacement of par
I conditions which-could impair operation of the visible signaling device and inc
rical shock. Refer to Mechanical Strength Tests for Enclosures, Section 38.

Electrical)parts or hazardous moving parts of a visible signaling device shall be
de pratection from unintentional contact with uninsulated live parts.

naling device shall
Luminous Intensity

all comply with the
the construction is

[ shall also apply to

g and rigid to resist
hnce due to total or
s and development
ease the risk of fire

ocated or enclosed

9.1.3

A visible signaling device intended to be installed on an outlet box or similar mo

unting 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.

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:
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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 has been evaluated and or

approved for the intended use.

9.1.7 A visible signaling device intended for either flush or surface mounting in a back box shall use a
standard enclosure that has been evaluated for the intended use or an enclosure which complies with the
requirements of this Standard.

9.1.8 A visible signaling device need not be furnished with a back box where means for attachment to a
standard outlet box are provided and the spacings comply with Section 15, Spacings.

9.1.9
disass
signali
compd
disass

9.1.10
flamin

9.1.11
outlet
marke

9.1.12
compd
than a

9.2 (
9.21
Excep

size,
Mech4

The mounting means of a visible signaling device to an enclosure shall.be
embly of any components not identified in the manufacturer’s published instru
ng device. The mounting means shall be independent of those)means
nents or parts of the assembly. Removal of a complete assembly is no
embly of a component.

j or glowing particles, or flaming drops. See Section 28; Abnormal Operation an

box provided that, if the visible signaling device'mass is more than 11 kg (24
d as specified in Markings, Section 46.

A visible signaling device of morelithan 23 kg (50.7 Ib) mass shall inco
rtment for field wiring and shall be_provided with means for physical mounting 3
h outlet box.

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

fion: Cast metal of lesser thickness may be employed if, consideration being

nical Strength Tests for Enclosures.

Table 9.1

bnd function\of the enclosure, it provides equivalent mechanical strength.

accessible without
ctions of the visible
used for securing
[ considered to be

An enclosure shall be constructed to minimize the possibility of emission of flame, molten metal,

i Burnout Test.

A visible signaling device of less than 23 kg (80:7 Ib) mass may be arranged for mounting to an

-1/4 1b), it is plainly

rporate space or a
nd support by other

given to the shape,

CastMetat Enclosures

See Section 38,

Minimum thickness

Use, or dimensions of area involved Die-cast metal,

mm (in)

Cast metal of other
than the die-cast type,

mm

(in)

Area o
(6 inch

Areag
mm (6

At a threaded conduit hole 6.4 (1/4)
At an unthreaded conduit hole 3.2 (1/8)

f 155 cm? (24 in?) or less and having no dimension greater than 152 mm 1.6 (1/16%)
es)

reater than 155 cm? (24 in?) or having any dimension greater than 152 2.4 (3/32)
inches)

3.2

3.2

6.4
3.2

(1/8)

(1/8)

(1/4)
(1/8)

2 The area limitation for metal 1.6 mm (1/16 in) in thickness may be obtained by the provision of reinforcing ribs subdividing a

larger area.
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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, and the construction shall be such that
a standard conduit bushing can be properly attached.

9.2.3 If threads for the connection of conduit are tapped only part of the way through a hole in an
enclosure wall, there shall be not less than 3.5 full threads in the metal and there shall be a smooth,
rounded inlet hole which shall afford protection to the conductors equivalent to that provided by a standard
conduit bushing.

9.2.4 A visible signaling device assembly designed to be supported by rigid conduit shall be of sufficient
strength to be able to support 5 times the weight of the visible signaling device assembly and comply with
Mechapical Strength Test for Enclosures, Section 38, When provided with a conduit hub, or the equivalent,
the hub shall have not less than 5 full threads.

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

9.3 Sheet metal enclosures

9.3.1 |The thickness of sheet metal employed for the enclosure’of a visible signaling|device shall be not
less than that indicated in Table 9.2.

Excepfijon: Sheet metal of lesser thickness may be employed if, consideration being given to the shape,
size, gnd function of the enclosure, it provides *equivalent mechanical strength] See Section 38,
Mechahical Strength Tests for Enclosures.

Table 9.2
Minimum Thickness of Sheet Metal
Maximum dimensions of enclosure Minimum thickness of sheet metal
Steel Copper, brass or
Group Length or width, Area, Zinc-coated, Uncoated, aluminum,
mm (inf) 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)
Cc 803 (12) 581 (90) 0.86° (0.034) 0.81¢ (0.032) 1.144 (0.045)

2 Volunje of enelosure not more than 197 cm® (12 in%).

b Sheef steel for an enclosure intended for outdoor use (rain-tight) is required to be not less than 0.91 mm (Q.036 in) in thickness if
zinc codtedand nottess tham 0.8 T (0-032 ) i thickness ifuncoated:

¢ Sheet copper, brass, or aluminum for an enclosure intended for outdoor use (rain-tight) is required to be not less than 0.74 mm
(0.029 in) in thickness.

9 For a cover in Group B or C having a supporting frame or equivalent reinforcing and not intended for outdoor use, the thickness
of sheet 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
thickness not less than:

a) 0.36 mm (0.014 in) for steel or 0.43 mm (0.017 in) for nonferrous metal for a hole having a
6.4 mm (1/4 in) maximum dimension; and
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b) 0.69 mm (0.027 in) for steel or 0.81 mm (0.032 in) for nonferrous metal for a hole having a
35 mm (1-3/8 in) maximum dimension.

9.3.3 A hole larger than 35 mm (1-3/8 in) diameter shall have a closure whose thickness is not less than
that required for the enclosure of the visible signaling device or shall have a standard knockout seal. Such
plates or plugs shall be securely mounted.

9.3.4 A knockout in a sheet metal enclosure shall be secured but shall be capable of being removed
without undue deformation of the enclosure. See Section 38, Mechanical Strength Tests for Enclosures.

9.3.5 A knockout shall be provided with a surrounding surface area of sufficient size to permit seating of
a condguit hllehing’ and shall he sa lacated that 2 h |ehing nmplr\ynﬂ at any knockgut ||ke|y to be used
during| installation will not result in spacings between uninsulated live parts and the+bushing of less than
those [ndicated under Section 15, Spacings.

9.3.6 | A sheet metal member to which a wiring system is to be connéeted in th¢ field shall have a
thickngss not less than 0.81 mm (0.032 in) for uncoated steel, of not.léss than 0.86 mm (0.040 in) for
galvarjized 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 bg)attached, sheet metal shall be of such
thickngss or shall be so formed or reinforced that it has-a stiffness at least equiyalent to that of an
uncoafed flat steel sheet having a minimum thickness of :35'mm (0.053 in).

9.3.8 | An enclosure intended for recessed mounting shall have no nonfunctional opgnings on any of the
encloged sides.

9.4 Nonmetallic enclosures

9.4.1 | An enclosure or parts of an englosure of nonmetallic material shall have the pnechanical 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 thg minimum thickness
specified in Table 9.2. Refer to Séction 38, Mechanical Strength Tests for Enclosures.

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

9.4.3 | Amongthe factors taken into consideration when judging the acceptability of a nonmetallic
enclogure arexthe following:

a)The mechanical strength:

b) Resistance to impact;

c) Moisture-absorptive properties;

d) Flammability and resistance to ignition from electrical sources;

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

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

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

9.51

The enclosure of a visible signaling device intended for outdoor use shall incorporate the following:

a) Means for mounting designed to prevent water spray from entering the enclosure. See Section

34, Water Spray Test;

b) Holes for conduit that shall be threaded unless they are located below the

lowest termination

point or other live part within the enclosure. If knockouts or unthreaded holes are provided, there

shall be provision for drainage of the enclosure.

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

mounti

Excepfjon: Internal means for mounting may be employed if constructed so as’ to

enterin|

9.5.3

(0.125
shall b
with re

9.6 Qpenings

9.6.1
of forei

9.6.2
shall n
foreign

hg.

g the enclosure.

For outdoor use, an enclosure of sheet steel less than 3.04 mm*(0.12 in) in {
in) or less if zinc coated, shall be galvanized by the hot-dip precess after formin

5pect to corrosion protection, of zinc applied by the hot-dip*process.

On objects is prevented.

To ensure compliance with 9.6.1, @penings directly over uninsulated live parts
bt exceed 5 mm (0.20 in) in any dimension unless the configuration of the openi
objects. See Figure 9.1 for examples of acceptable top cover designs.

pbrevent water from

hickness, 3.18 mm
g and assembly, or

e made from hot-dipped sheets, or shall be provided with a<coating which is at lgast the equivalent,

Openings in the top of the enclosure shall be>so constructed and shall be of such size that the entry

or operating parts
ng prevents entry of



https://ulnorm.com/api/?name=UL 1638 2023.pdf

APRIL 27,2023 CAN/ULC 526:2023 ¢+ ANSI/UL 1638 19

Figure 9.1

Cross-Sections of Top Cover Designs

—

SLANTED OPENINGS

LbL

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 forgign objects, or contact by service personnel, is prevented. Louvers are accgptable if shaped to
deflect external falling objects outward. See Figure 9.2 for examples of acceptable louyer designs.
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Figure 9.2

Cross-Sections of Louver Designs

INSIDE OUTSIDE

N \
3 N

INSIDE OUTSIDE

OUTWARD PROJECTION INWARD PROJECTION

su1626

©

9.6.4 |Openings in the bottom of enclesures under materials that do not have a flamnpability rating of V-1
or betteér, may be permitted if constructed so that dropping through of material from the fenclosure would be
prevented.

The flammability rating shailbe determined by the Flammability Classification Test:
a) In Canada.only: CSA C22.2 No. 0.17;

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

Figure |19.3Villustrates a type of baffle that meets this requirement. A second acceptablle construction is a
nomindl tmm (0.039 in) thick sheet steel bottom panel in which 2 mm (0.078 in) diameter round holes are
spaced no closer than 1.5 times the hole diameter, center to center. Other constructions are acceptable if
the notification appliance complies with Section 28, Abnormal Operation and Burnout Test.
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Figure 9.3

Cross-Sections of Baffle Design

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

9.6.5
have d

9.6.6
to be f
structy

9.6.7
manuf

BAFFLE PLATES (may be below
bottom of enclosure)

sul111b

The bottom of an enclosure under materials that have a flammability rating g

BOTTOM OF ENCLGSURE M

penings 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
ush with the surface:-of the wall shall have no openings that vent into concealed
re, such as into-hellow spaces in the wall, when the product is mounted as inten

The requirement in 9.6.6 does not apply to an opening for a mounting sc

acturing operation (such as paint drainage) if:

a)\No6 non-mounting purpose opening has dimension greater than 7 mm (0

f V-1 or better, may

front panel intended
spaces of a building
ded.

ew or nail or for a

.275 in) or an area

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

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

product.

9.6.8 Enclosure openings which are exposed after installation shall not permit entrance of a 19 mm
(3/4 in) diameter rod and shall be of such size and so arranged that a probe, as illustrated in Figure 9.4
cannot be made to contact any uninsulated live electrical part, when inserted through the opening in a
straight or articulated position.
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Figure 9.4

Accessibility Probe
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9.6.9 In addition to the requirement of 9.6.8, enclosure openings which are exposed after installation
shall be sized and so arranged that a straight rod of circular cross section 6.4 mm (0.25 inch) diameter
with a hemispherical end cannot be made to contact any uninsulated live part and cannot damage any part
of the visible 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 visible signaling device.

9.6.10 Acoustical openings for a combination audible and visible vandal-resistant signaling device (see
also Section 46, Markings) shall not provide direct access to any sound-producing element: for example, a
cone or diaphragm by a rigid rod 0.8 mm (0.03 in) in diameter.

9.6.11] Openings in a combination audible and visible enclosure, that are requiredfoif the proper acoustic
performance of an appliance (including perforated holes, louvers, and openings, prdtected by means of
wire gcreening, expanded metal, or perforated covers) and provide access to t:l:e sound-producing
element, shall be of such size or shape that no opening will permit passage of a rod having a diameter of
6.7 mm (17/64 in).

9.6.12] With reference to 9.6.11, the wires of a screen shall be not less than 16 AWG (1.3 mm?). Except
as noted in 9.6.13, perforated sheet steel and sheet steel employed for expanded-metal mesh shall be not
less than 1.07 mm (0.042 in) in average thickness, 1.17 mm_(0:046 in) if zinc coated.

9.6.13] Expanded-metal mesh, 0.53 mm (0.021 in) thick*or 0.61 mm (0.024 in) thicK if zinc-coated, may
be usgd when all of the following conditions are met:

a) The mesh openings are not more than1.6 cm? (1/4 in?) in area;

b) The maximum dimension of the:gverall opening so protected is not greater than 76.2 mm (3 in),
and

c¢) Indentation of the guard prienclosure does not impair performance or reducq spacings below the
required values specified.in Section 15, Spacings, between uninsulated livg parts, or between
uninsulated movable parts.

9.6.14] An opening for_a gong-shell striker or similar part shall be not larger than is required for the
operatjion of the appliance.

9.7 Gaskets

9.7.1 | A'gasket used to seal an opening between two parts that are intended to be separated in the field

for instaffationermaintenance-shaltcomply-with-372-Ai-Over-AgingTtest—he-gasket shall be secured
with adhesive or a mechanical means to one of the mating surfaces. The gasket and the securing means
shall not be damaged when the joint is opened following the exposure in 37.2.

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 on a combination audible and visible signaling device 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 Section 26, Variable Ambient Temperature Test, Section 27, Humidity Test, and
Section 33, Corrosion Tests. When intended for outdoor use, the sample shall also comply with Section
34, Water Spray Test.
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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;

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

C) Froviae mechaniCal protection 1or the enclosed parts.

9.8.3 |The thickness of a glass cover shall not be less than that indicated in Table.9.3.

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

Ovgr 305 (Over 12) Over 929 (Over 144) See footnote a

@ The m)inimum thickness shall be 3.2 mm (1/8 in) or mare, depending upon the size, shape, and mounting ¢f the glass panel.

9.8.4 |A glass panel for an opening“having an area of more than 929 cm? (144 |n?), or having any
dimengdion greater than 305 mm (1 ft), shall be supported by a continuous groove ngt less than 4.8 mm
(0.19 imch) deep along all four €dges of the panel, or by an arrangement that has begn determined to be
equivalent.

9.8.5 [A transparent material other than glass shall not be used for the cover of an gbservation opening
unless|the material does not introduce a risk of fire, distort, or become less transparenf when subjected to
varyind temperatures 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 notification appliance.

Exception No. 2: Parts made of stainless steel, polished or treated, do not require additional protection
against corrosion.

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.
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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 Fi

11.1

eld Wiring Connections

General

11.1.1
conne

11.1.2

11.1.3
plates
be pro

11.1.4
provid
conne
permit
separg
dislod
separs
each n
area o

11.2

11.2.1
acconm

Wiring terminals or feads corresponding to the rating of the device sh
Ction of conductors of at least the size required by:

a) In Canada only: CSA C22.1, Section 32, Fire alarm systems, smoke.alarm
alarms, and fire pumps.

b) In the United States only: NFPA 70.
Wiring terminals shall be prevented from turning.

The terminals to which wiring connections are made shall consist of binding

vided if found to be equivalent.

Dual terminals, dual leads, or equivalent means to achieve electrical si
bd for each incoming and each outgoing circuit connection. A common termir
Ction of both incoming and outgoing'wires, provided that the construction of th
an uninsulated section of a single conductor to be looped around the termin
te connections, thereby precluding supervision of the connection in the event th
jed from under the terminal. A notched clamping plate under a single seg
te conductors of a notification appliance (signaling device) circuit are intend
otch, is acceptable, but-this arrangement shall be supplemented by additional r
I on the installation\wiring diagram specifying the intended connections to the te

Field wiring compartment

Il be provided for

s, carbon monoxide

screws with terminal

having upturned lugs or the equivalent to hold the wires in position. Other termipal connections may

pervision, shall be
al may be used for
e terminal does not
bl and serve as two
at the wire becomes
uring screw, where
ed to be inserted in
narking in the wiring
minals.

Thefield wiring compartment in which connections are made shall be o
maodating all wiring connections specified by the installation wiring drawing wit

f sufficient size for
out damage to wire

insulation or to internal components. There shall be space within the compartment tq 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 a notification appliance 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 notification appliance 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.

11.2.4 A notification appliance without a field wiring compartment shall be constructed so that the
following requirements are met:
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1.3

11.3.1

a) Field wiring and leads shall be prevented from contacting moving parts of a notification
appliance 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 visib

le 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

c) Field wiring and leads shall be prevented from contacting uninsulated live pa

rts which under any

condition of operation may be at a potential exceeding the voltage rating of the wire or lead

insulation. Refer to 12.2, Separation of Circuits, and Section 15, Spacings.

Fleldwiring terminals and feads

Types and sizes

11.3.1.1 Terminals for field connection of conductors larger than 10 AWG (5.3 mm?) shall consist of

nonfer

11.3.1.

for clarpping the conductor if such means are constructed so that:

11.3.2

11.3.2.

condugtors, the size of screw shall benot less than:

11.3.3

11.3.3.
sizes 1

11.3.4

11.3.4.

fous soldering lugs or nonferrous solderless (pressure) wire connectors.

D Terminals for field connection of conductors 10 AWG (5:3 mm?) or smaller m

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

b) Solid conductors cannot come out from under the clamping means even
loosened sufficiently to allow lateral movement of the conductors with respect tg

Size of screws

1 If binding head screws ormachine screws and washers are used as ¢

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

b) No. 6 or M3.5if-for use with conductors 14 AWG (2.1 mm?) or smaller and 1
or larger; or

c) No. 4 oriM3 if for use with conductors 18 AWG (0.82 mm?).

Material for terminal parts

hy consist of means

though the latter is
the means.

amping means for

8 AWG (0.82 mm?)

T Binding head screws, bolts, studs, nuts and washers shall be of nonferrous metal except that in

0 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.
Terminal plates and threading

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

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

11.3.4.4 Terminal plates for solderless connectors or solderless lugs shall:

a) Have a thickness of not less than 1.27 mm (0.050 in) for a No. 8, M4 or larger screw, and not
less than 0.76 mm (0.030 in) thick for a No. 6, or M3.5 screw;

b) Have at least 2 complete full threads, if threaded; and may have theé) mé¢tal extruded at the
tapped hole for the binding screw so as to provide two full threads; and

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

11.3.4]5 Screws engaging threaded holes in plates shall have,net less than two fyll threads engaging
under gny condition of service.

11.3.4]6 If terminal screws do not pass entirely through threaded holes, they shall gngage clean-cut full
threads for a distance not less than the major diameter.of the screw.

11.3.5( Grounding terminals and leads

11.3.5|1 For an appliance intended for connection to an AC Mains source of supply, only by means of
other than a metal-enclosed wiring system such as nonmetallic-sheathed cable, all gf the following shall
be proyvided:

a) An equipment grounding terminal or lead, the size of which shall be the fame as that of the
supply terminal or lead, bt 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 are |exposed to contact
during'servicing and maintenance.

11.3.5]2. JThe surface of an insulated lead intended solely for the connection of an efguipment grounding
conductor shall be green, with or without one or more yellow stripes. No other leads visible to the installer,
other than the grounding conductors, shall be so identified.

11.3.5.3 A 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 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 an AC Mains
supply circuit shall be identified by means of a white metallic-plated coating and shall be distinguishable
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from the other terminals. Otherwise, identification of the terminal for the connection of the grounded
conductor shall be shown in some other manner, such as on an attached connection diagram.

11.3.6.2 A field wiring lead provided for connection of the grounded supply conductor of an 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. Terminals-which-are-intended-for-direct- connection-to-sither-a-arounded-conductor or a neutral

condugtor of a supply circuit shall be identified. They shall be substantially white in.Colpr if color coded, or
be marked "N" or "Neutral", or "W" or "White", either on or adjacent to the terminat:

11.3.7 | Field wiring leads

11.3.7. Leads provided for field connections shall be:

a) Stranded copper bunch tinned in accordance with:
1) In Canada only: CSA C22.1, Rule 32-100;
2) In the United States only: NFPA 70;

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

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

d) The insulation, if of rubber or plastic, not less than 0.8 mm (0.032 in) in thickngss; and

e) Provided with strain relief. See Section 32, Strain Relief.

11.3.7.2 Leads which are.intended for direct connection to either a grounded conductor or a neutral
condugtor of a supply cireuit shall be identified at the point of supply connection. Identification shall be a
white dr natural grey covering readily distinguishable from the finish on other leads and no other lead shall
be so igentified.

12 Internal Wiring

12.1 General

12.1.1  Wiring shall have insulation rated for the potential involved and the temperatures to which it may
be subjected, and shall have adequate mechanical strength and current-carrying capacity 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
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subjected to sharp bends, tension, compression, or repeated flexing, and shall not contact sharp edges,
projections, or corners.

12.1.4 Insulation, such as coated fabric and extruded tubing, shall not be affected physically or
electrically by the temperature or other environmental conditions to which the insulation may be subjected
to during the intended use of the visible 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 itis not subject to damage from flexing,
motior), or vibration.

12.2 ([Separation of circuits

12.2.1| Internal wiring of circuits which operate at different potentials shall be separated by barriers,
clamps, routing, spacing (refer to Table 12.1), or other equivalent means, unless| all conductors are
provided with insulation rated for the highest potential involved.

Table 12.1
Minimum Spacings

Minimum spacings
Hoint of application Voltage range, Through air, Over surface,
v mm (in) mm (in)
To walls of enclosure®:
Cas} metal enclosures 0-300 6.4 (1/4) 6.4 (1/4)
Shept 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 imited 300 — 600 TZ.7 172) 12.7 (1/2)
Installation wiring terminals:
With barriers 0-30 3.2 (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 - - - -

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Minimum spacings

Point of application Voltage range, Through air, Over surface,

Vv mm (in) mm (in)
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)
151 -300 24 (3/32) 24 (3/32)
300-600 9.5 (3/8) 12.7 (1/2)

Other parts

0-30 1.6 (1/16) 3.2 (1/8)
31-150 3.2 (148) 6.4 (1/4)
151 -300 6.4 (1/4) 9.5 (3/8)
300 - 600 9.5 (3/8) 12.7 (1/2)

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

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

12.2.2| A metal barrier used to provide separation betweéen the wiring of different dircuits shall have a
thickngss 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 lessithan 0.71 mm (0.028 in) in thi¢gkness and shall be
of greater thickness if its deformation may be readily accomplished so as to defeat its purpose. Any
cleararce between the edge of a barrier and a compartment wall shall be not more than} 1.6 mm (0.063 in).

13 Bonding for Grounding

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

Exceptijon No. 1: An adhesive-attached metal-foil marking, screw, handle, or simflar material is not
requireld to be bonded-when located on the outside of an enclosure or cabinet and isolated from electrical
compohents or wiring by grounded metal parts so that it is not likely to become energiz¢d.

Excepfjon No.(2) An isolated metal part, such as a motor-controller magnet frame or armature or a small
assembly sCrew, is not required to be bonded when positively separated from wiring gnd uninsulated live
parts.

Exception No. 3: A panel or cover that does not enclose uninsulated live parts is not required to be bonded
when wiring is separated from the panel or cover so that it will not become energized.

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 inch) 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.
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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.

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.mofe 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 4 means for bonding
the dopr or cover for grounding, provided that a multiple bearing-pin type. (piano-type) hinge is employed.

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

Table 13.1
Bonding Wire Conductor Size

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

AWG (mm?) AWG (mm?)

15 14 (2.1) 12 (3.3)

20 12 (3.3) 10 (5.3)

60 10 (5.3) 8 (8.4)

100 8 (8.4) 6 (13.3)

200 6 (13.3) 4 (21.2)

2 Or equivalent cross-sectional area.

13.9 |A conductor, such as a clamp or strap, may be used in place of a separate wire|conductor, provided
that the.minimum cross-sectional conducting area of the bonding means is not less than that of the wire
indicatedin Table 13°1-

13.10 A splice 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

14.1 Mounting

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

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;

v square shoulders or mortices: by a dowel pin, lug, or offset: by a connectin

strap or clip fitted

into an
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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

for suy

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

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

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

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

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

1219 (Over 48) 11,148 (Over 1728) 19.1 (3/4)
aMate' ess-than-9.5. mm 8.inlh notless.than-3 mm a-thick-mavi be us a-paneli ']e||ssupportedor
reinforped to provide rigidity not less than that of a 9.5 mm (3/8 inch) sheet. Material less than 3.2 mm (148 |n) may be employed

assemblies, such as supports for terminals for internal wiring, resistors, and other components.
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Current-carrying parts

Bearings, hinges, or similar parts are not acceptable (for carrying current &
nd moving parts.

Plated steel shall not be used for secondary-gircuit parts nor for primary-c
tor terminals, unless a glass-to-metal seal*is’ necessary, nor for leads or|
bnductor devices. Blued steel or steel with<corrosion resistance that has beg
lent is acceptable for the following:

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

¢) When the temperatures'eéxceed 100 °C (212 °F) during the intended operatio
Bushings

Where a léad or wire harness passes through an opening in a wall, barrier
bhall be admetal or insulating bushing, or the equivalent, that shall be secured
h rounded surface against which the wire may bear.

IHthe opening is located in a phenolic composition or other equivalent nonco

A current-carrying part shall be of silver, copper, a copper alloy, or the equivalent.
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or enclosing case,
n place and have a

nducting material or

in metal of thickness greater than 1.0/ mm (0.042 in), a smooth rounded surface havi

deemed to be the equivalent of a bushing.

1g rounded edges is

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
betwegn the grommet and the metal in which it is mounted.

14.5 PBemiconductors

14.5.1| Semiconductors shall be rated for the intended application undet.all environmental conditions to
which they may be exposed in service. Refer to Section 17, Performance Tests — General.

14.6 [ransformers, relays, and coils

14.6.1| Coils shall be treated with an insulating varnish,<and baked or otherwise impregnated to exclude
moistufe.

14.6.2| Film coated, or equivalently coated wire.is.fot required to be given additional treatment to prevent
moistufe absorption.

14.7 (Capacitors

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

14.7.2| Capacitors shall be\suitable for the purpose. There shall be no failure of the gapacitors when the
producf is subjected te-'Section 22, Temperature Rise, and Section 25, Endurance. TThe measured peak
voltagg across thecapacitor shall not exceed the voltage stress level as specified in Section 29,
Compdgnent Stress.

14.8 Pperating parts

14.8.1 —Operating parts of anm apptiance shattbe tocated or protectedso 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 alignment 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

t b pu | 1 ££. ool bl U H £ o4 alaal '
Not beraaversery-arectedoyany-conaton-ormenaeaoperaton:

14.9 |Connectors and receptacles
14.9.1| A receptacle or connector shall be rated for the current and voltage o which it|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 shall comply with the
spacing requirements for rigidly clamped assemblies (see{Table 12.1). The board shall be mounted so that
deflection of the board during servicing shall not result in damage to the board ¢r in a reduction of
electrical spacings to less than those required in this standard. A printed-wiring poard shall have a
minimyum flammability rating of V-2, be rated for, direct support of current-carrying partg, and be suitable for
the soldering process used.

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

14.11.2 A motor shall be_protected by thermal or overcurrent protective deviceqd or shall be of the
impedance-protected type“See the Locked Rotor Test, Section 41. A thermal or overcurrent protective
deviceg shall not opengthe-Circuit during Section 22, Temperature Rise.

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

14.12 | ‘Batteries

14.12.1 General

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

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

14.12.1.3 A notification appliance powered by replaceable batteries shall provide access 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

Testan

d:

a) Be designed to prevent misalignment, reverse polarity, damage upon connection, and

accessibility of uninsulated parts during use and replacement;

b) Provide a battery securement means to prevent 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.

-
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nly be permitted when the mounting of the product is supervised. Wiring that'is
5s during the removal of a notification appliance shall comply with the requirem

Relief.

.6 Leads or terminal connections to batteries shall be identified with the pro

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

ber polarity (plus or

signs), and strain relief provided for any leads. The polarity, shall be indicafed on the product

nt to the battery terminals or leads.

p, or a fixed butt-type connection which applies @ minimum 6.6 N (1.5 Ib) fo
, or another connection means that has been determined to be equivalent.

.8 Each lead of a clip lead assembly used.as part of a battery-operated produ
nded application and shall be a minimum26 AWG (0.21 mm?) stranded wire s
(1/64 in) insulation.

P Primary batteries

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

.2 Lithium dbatteries used as the primary source shall be protected from
with the requirements in UL 1642.

b Secondary batteries used as standby power source

.7 Connections to battery terminals shall be either by‘a lead terminating in a positive snap-action

rce to each battery

ot shall be suited for

ze with @ minimum

equirements of this

and 42.3, Battery

being charged and

14.12.371

—Non-rechargeabte secondary batteries shattbe protected fromrbeing charg

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 a

s a Standby Power Source.

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

14124 Rechargeable lithium-ion batteries
14.124.1 In addition to the requirements in 14.12.3.1 =~14.12.3.7, rechargeable |ithium-ion batteries

shall glso comply with the requirements for secondary lithium batteries specified in the standards shown
below

a) UL 1642;
b) UL 2054;
c) UL 60086-4;

d) CSA C22.2 No. 60086-4

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

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

14.12 4.4 *Compatibility between lithium-ion batteries or battery packs, and the equipment including the
charging—system(s), shatt—beverified—and—documented—mthe manufactorers 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
replacement by other than trained qualified personnel, shall:

14.12 4
power

15 Spacings

15.1
betwed

a) Be dco;yllcd to plcvcllt |||;aa:;ylllllcllt, reverse pu:al;ty, dalllayc PO connection, and

accessibility of uninsulated parts during use; and

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

|.7 Lithium-ion batteries required to provide a limited power.source shall comply with the limited
est requirements of UL 2054.

Spacings between uninsulated live parts, between, uninsulated live parts and deiad metal parts, and
n uninsulated live parts of opposite polarity shall-be not less than those indicated in Table 12.1.

Exceptijon No. 1: The spacing requirements in ‘Table 12.1, do not apply to the inherent spacings of a

compo
require
the col
12.1.

nent which is provided as part ofcthe unit. Such spacings are judged on the basis of the
iments for the component. The electrical clearance resulting from the assembly of a component into
nplete device, including clearancés to dead metal or enclosures shall be thos¢ indicated in Table

Exceptjon No. 2: The “To Walls*Of Enclosure” spacings indicated in Table 12.1 are nof to be applied to an

individl

Lal enclosure of a component part within an outer enclosure.

Excepfjon No. 3: On printed-wiring boards having a flammability classification of V-0|in accordance with

UL 94,
at field

circuit when:

spacings (Other than spacings to dead metal traces, between primary and secpndary circuits, and
wiring ferminals) are not specified between traces of different potential conmected in the same

a).The spacings are adequate to comply with the requirements in Section 24, Evaluation of

Reduced Spacings on Printed-Wiring Boards; or

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

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\may be used if it has
equivglent 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 specified for "Other parts" in
Table [12.1.

16 Fjrmware Update (If Provided)
16.1 |General

16.1.1] A firmware release level shall identify the firmware of a product. A new rejease 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 capablé:of receiving a firmware update shall provide a means of indicating the current
firmwdre version of the unit.

16.2.2] The manufacturer shall provide documentation which details the differences:
a) Frem the original to each subsequent firmware version; and

b)-Between subsequent versions (if applicable).

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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2) Alarm condition — a firmware update shall not interfere with alarm sign
3) Loss of power — notification appliance shall comply with 16.2.6.

4) Firmware transmission (data) interruption — notification appliance
16.2.6.

b) Duplicate firmware version update:

1) Normal standby condition — notification appliance shall operate
receiving a duplicate firmware update.

¢) Corrupt firmware update:

aling.

shall comply with

as intended after

16.2.5
intendq

16.2.6
succes
revertir

1) Normal standby condition — notification appliance shall comply with 16
d) Unsigned manufacturer firmware update:

1) Normal standby condition — notification appliance shall comply with 16

Successful firmware updates shall result in the notification.appliance or accg
d following the update and comply with all applicable requirements as defined w

For products capable of receiving an automati¢ “or user-initiated firmware
sfully update the firmware shall result in the otification appliance and acg
g to the previous firmware version and the natification appliance and accessd

operat¢ as originally intended. Failure to update or'revert to the previous firmware revi

trouble

16.2.7
means
change

16.2.8
the corf
and/or
used fd

PERF(

signal.

For products that are capable of ‘receiving firmware updates, manufactur
for the user to obtain the manuabfor the updated firmware if any user discerni
d.

When firmware is received from an external source to the notification applianc
hpatibility of the firmware shall also be controlled and evaluated to the requirem
the control unit Standard as it relates to the performance of the notification 3
r programming.a’notification appliance’s firmware shall be identified and control

DRMANCE

bssory operating as
ithin this standard.

update, failure to
essory if provided,
ry if provided shall
sion shall result in a

rs shall provide a
le functionality has

p, that firmware and
ent of this Standard
ppliance. Software
ed.

17 GTneraI

17.1

Unless otherwise specified, the performance of a visible signaling device is to be investigated by

subjecting samples of each rating that is representative of production to the tests specified in Performance
Tests, Sections 17 — 42, as far as applicable and in the sequence presented. Refer to Annex C 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 visible 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 visible 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 C, when agreed upon between the testing
Organi?gfinn and the manufacturer hefore fnefing starte Dnﬂllr\ing the numher of ca p|eS may increase

the length of time for an investigation.

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

18.7 |Where the rated voltage is a voltage range, all outputs shall be maintained thrqughout the range or
the wqrst-case rating shall be used

18.8 |The input circuit of n visible signaling device assembly<s considered to be the {erminals or the field
wiring [leads that get connected to the control unit.

18.9 |The following information is required for a.-visible signaling device that [employs electronic
compagnents:

a) Vendor's rating for each component;
b) Maximum operating values for,each component; and

c) General description of thé circuit operation.

18.10| The effective luminous intensity (light output) rating shall be the lowest rating|obtained during the
performance tests.

19

5

put 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 Maximum Test limits
Voltage desig:?‘tiion marked on 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 8-17.5

Table 19.1 Continued on Next Page
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Table 19.1 Continued

Operating limits Maximum Test limits
Voltage desig:iﬂon marked on Voltage type operating current
(V) (A) (V)

24 FWR® FWR® 16-33 Rated 16-33

Regulated® 120 AC 96 — 132 Rated 96— 132

Regulated® 240 AC 192 — 264 Rated 192 — 264

Special Application® Any type Rated Rated Rated

@ 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 installation instructions or marked on the device.

¢ Full wpve rectified.
19.2 Test currents
19.2.1| The measured current input to a device shall not be greater than the marked rating when the
device|is operated under the conditions of intended use while connected to a tes{ voltage supply as
indicatgd in Table 19.1.
19.2.2| For a "special application" device the operating RMS current, RMS surge cyrrents, peak of the
surge ¢urrents, and the time frame of the surge currenf:ime window shall be within the limits specified by
the manufacturer over the voltage range of the visible signaling device. The methods for measuring
currenf shall be as described in 19.2.3 — 19.2.5, except the surge current time window|described in 19.2.5

shall b¢ as specified by the manufacturer.

NOTE: "
describe

19.2.3
voltagg

Bpecial application" represents a product which-does not meet regulated requirements but has beer
H in the installation instructions or marked on‘the device.

The current measurements,; are to be recorded with a digital oscilloscope ¢
display. The maximum @©perating RMS current obtained from testing shall not

investigated to limits as

employing an RMS
be greater than the

markeq
full-wa
in the 1
Refer t

rating of each visiblg signal device. When the unit is capable of being energized from either a dc or
e rectified (FWR)_source of supply, the current rating of the visible signal devicel shall be expressed
haximum operating/RMS current, which occurs over the rated voltage range for gach power source.
b Table 19.1 for definitions of the performance designations.

connected to a de-
enerqiz the unit under test.
The og oted in 19.2.3 and
19.2.5 ' Upen—energization—the—eurrent—measurements—are—to—be—recerded tored. When each
measurement is completed, the unit is to be de-energized for sufficient time to allow the temperature of the
unit to return to a normal room ambient condition before additional measurements are obtained.
Measurements for both "regulated" and "special application" devices are to be obtained for the maximum
operating RMS current, maximum surge RMS current (initial and repetitive) and the maximum peak of the
surge current (initial and repetitive).

19.2.4| The unityunder test is to be mounted in a position of normal use and electrically
ed pewer source. The power source is to be preadjusted to the rated voltage of
cilloscope is to be set for a sampling rate that is consistent with the values 1

d—and
artg

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 per second. 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 per second, 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
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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 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 Measurement of Effective Luminous Intensity (Light Output)
20.1 |General

20.1.1| Each visible signal device intended for public mode use\shall produce g minimum effective
luminqus intensity of 15 cd. The flash rate shall lie between 1 and 2\flashes per second. The flash duration
shall He 200 ms or less as measured between the 10 % amplitudevalues of the leading and trailing edges
of the [light pulse. Rated light output is to be based on a maximum 20 ms light pulse.|For pulse durations
between 20 ms and 200 ms, an effective candela equivalency to a 20 ms light outgut is determined by
dividing the measured light output value by the correspending multiplier in Table 20.1 Light output ratings
for pulse widths less than 20 ms are the measured vialue obtained in 20.2, Light Outpyt Measurements for
Public|Mode Signaling. The minimum effective luminous intensity shall correspond tp the marked rating
value @as measured in 20.2.

Table 20.1
Effective Candela Rating
Light pulse duration Device rating required Light pulse duration Devyice rating required
(ms) effective candela multiplier (ms) effecflive candela multiplier
20 1.00 115 4.02
25 1.22 120 413
30 1.43 125 4.23
35 1.64 130 4.33
40 1.83 135 4.43
45 2.02 140 4.53
50 2.20 145 4.62
55 2.37 150 4.71
60 2.54 155 4.80
65 2.70 160 4.89
70 2.85 165 4.97
75 3.00 170 5.05
80 3.14 175 5.13
85 3.28 180 5.21
90 3.41 185 5.29
95 3.54 190 5.36
100 3.67 195 5.43
105 3.79 200 5.50
110 3.90
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20.1.2 Each visible signal device intended for private mode use shall produce a minimum effective
luminous intensity as declared by the manufacture. The minimum effective luminous intensity shall
correspond to the marked rating value as measured in 20.5, Light Output Measurements for Private Mode,
Emergency, and Informative.

20.1.3 The flash rate for a visible signal device intended for private or informative mode shall be as
declared by the manufacturer.

20.1.4 Each visible signal device intended for textual informative mode use shall meet the requirements
of Section 21, Informative Textual Displays.

20.1.5 \sible elgnallng devices shall have an effactive luminaus |nfnne|fy ofnotmore.than 1000 cd.

20.1.6| The light output of the visible signal device shall conform to the manufacturer|s description of the
signal $hown in the installation and operations instructions for the device.

20.1.7| Two samples of a single visible signal device or two samples ‘of a combination visible signal
device|are to be tested in the as-received condition. These visible .signal devices or [combination visible
signal gevices are to be mounted, electrically connected, and operated in accordance |with the installation
instructions provided with the equipment.

20.1.8| For the minimum signal strength, visible signal devices intended for emergency warning and
public mode wall use shall produce a candela output in effective intensity in accordancg with:

a) Table 20.2;

b) Table 20.3 ;

c) Figure 20.1 ; and
d) Figure 20.2 .

Table 20.2
Required Minimum Percentage for Horizontal Dispersion for Wall Visible Signal Devices

Degrees? Percentage of candela|rating

0 100

5-25 90

30-45 75

56 55

55 45

60 40

65 35

70 35

75 30

80 30

85 25

90 25

Compound 45° to the right 24
Compound 45° to the left 24

@ Tolerance of +1° is permitted.
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Table 20.3

Required Minimum Percentage for Vertical Dispersion Wall to Floor

Degrees? Percentage of candela rating
0 100
5-20 90
35 65
40 46
45 34
50 27
55 22
60 18
65 16
70 15
75 13
80 12
85 12
90 12
@ Tolerpnce of £1° is permitted.
Figure.20.1
Light Output — Horizontal Dispersion
00
45°. _45°
LIGHT
N 1 il 90°
SM307
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Figure 20.2
Light Output — Vertical Dispersion, Wall to Floor

20.1.9
effectiv

7 ZERO AXIS
/4; ) S ) ) 0
5
10
= 15
25
90° 60 55 50 45 40 35 30
FLOOR
SM314A

Visible signal devices intended for public mode ceiling”use shall produce 2
e intensity in accordance with:

a) Table 20.4; and

b) Figure 20.3.

candela output in

Table 20.4
Requjred Minimum Percentage for Vertical Dispersion in Both X And Y Planes Cgiling to Wall and
Floor
Degrees? Percentage of candelarating

0 100

525 90

30-45 75

50 55

55 45

60 40

65 35

75 30

80 30

85 25

90 25

Compound 45° to the right 24
Compound 45° to the left 24

@ Tolerance of +1° is permitted.
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Figure 20.3
Light Output — Vertical Dispersion, Ceiling to Walls and Floor
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20.1.10 The flash rate for Public Mode shall not be less than 1 Hz or greater than |2 Hz over the rated
operating voltage range.

20.1.11  The measurement ‘of light output for Public Mode shall be in accordance|with the procedure
described in 20.2, Light Qutput Measurements for Public Mode Signaling.

20.1.1R The light dutput:
a) Shall'be white for public mode visible signal devices;

b)E€an be any color for emergency warning visible signal devices;

c¢) Can be any color for private mode visible signal devices; and

d) Can be any color for informative visible signal devices.
20.2 Light output measurements for public mode signaling

20.2.1 To determine the light output, the device is to be mounted in its intended wall or ceiling position
using a bracket that does not extend more than 25.4 mm (1 in) beyond each dimension of the visible
signaling device. Each device is to be energized to its operational voltage range. The light output, |, is to
be calculated by a summation procedure whereby a minimum of 10 pulses of light are to be measured and
the total value of luminous intensity (Lm/ft?), as measured by the radiometer, is inserted into the following
equation:
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1)

[, idt

Where:

I, is the light output, in candela [reference HB-9, llluminating Engineering Socie
Lighting Handbook]

dis the distance from meter light sensor to the lens in feet

ty of North America

J ,tf ldt

20.2.2
passed
differer]
station

20.2.3
light oy
resultin
device
second
energiz

20.2.4
(3/4in
end of
same 4
sensin

02 ;b ti 1< Ilig;li'tilllc tillbb;luid Vdiub fUl d btcddy ilg;li as illulibdtbd ;ll ii 1< i“ulll
Society of North America Lighting Handbook (the 0.2 value is used for speeific
to promote uniformity)

t, — t; is the light pulse duration, as measured between the 10 % ofrpéak ampli
and trailing edges of the light wave envelope, in seconds

s the total value of luminous intensity measured, divided by the total number of

The alignment of the test sample's lens is accomplished by a low wattage
through the viewing holes of the light box ontothe surface of the lens to be V
t angles, the sample is to be rotated to the\desired position and aligned U
bry laser beam.

In those cases where the light ambjent exceeds 10 % of the total light output
tput measurement, the light ambient-value is to be subtracted from the total va
g value of light output is then, Considered the light output solely produced b

Light output produced by room ambient light is to be measured over the §
s) as recorded to complete the test pulses. Light ambient is to be measured
ed.

The test chambenis to be constructed of 610 by 610 by 1220 mm (24 by 24
plywood. The inside is to be painted flat black. A hole and shutter are to be cent

s that of the instrument sensing head. The distance between the test sample
) head\is.to be a minimum of 3050 mm (120 in). Refer to Figure 20.4.

nating Engineering
ation purposes and

tude for the leading

bulses measured.

laser beam that is
iewed. To measure
sing the reference

pbtained during the
lue measured. The
y the visible signal
ame time span (in
with the sample de

by 48 in), 19.1 mm
rally located on one

the chamber\directly opposite the optical measuring instrument. The size of the hole is to be the

and the instrument
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Figure 20.4
Light Output Test Setup
Instrument
sensing head
&
«
Q \'ﬁ‘\ 1.22 m (4 ft)
b plywood
Hole and shutter —_ ! [
|
Test sample \ ! l
L
O ()
Q’ 0.61 mm o L e
(2 ft) R P N R
. 1.22m _
(4 ft)
- 3.05m (10 ft) -
Note: Box dimensions optional, Suggested dimensions shown.
$2289a

20.3 |Black box test procedure for public mode signaling
20.3.1] This method of testing:is'to be used during the endurance, transient, pqglarity reversal, and
variable ambient tests. Any test)that affects the physical properties of the sample is| not to use this test
procedure.
20.3.2] This test method is used to determine if any change in flash intensity has occurred. All
compgnents that make up the test fixture are to be fixed in place and the chambef is to be void of all
measyrable light/except that produced by the sample under test. This test procedure is to be used only

after the sample’ has been subjected to the other requirements in this section. Any pefcentage loss in light

intens
angle

ty is applied to the critical angle measurement obtained during horizontal, vert

ight measurements.

ical, and compound

20.3.3 The mounting and orientation of the sample with regard to the sensor of the meter is illustrated in
Figure 20.5. The size of the enclosure is optional; however, the interior shall be free of any component,
materials, or equipment that cannot be fixed permanently in place.
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Figure 20.5
Light Intensity Black Box

| — Test Sample

> >
L — — e }\
Photosensor —

Btock—Box

Photometer

Power Supply

54025

20.3.4| The distance from the front center of the sample lens to the sensor is to be [305 mm (1 ft). The
chambgr is to be completely freecof outside light during both the initial and final measurements. The
interion of the box is to be painted,with a flat-black paint along with any components or ¢quipment mounted
inside {he box with the exception of the sensor and sample under test.

20.3.5| The box is torbe-secured in the closed position during the initial measuremgnts, during the test
conditipning, and upon-final measurements. The box is to be vented to permit it to stahilize at the ambient
to which the sample.is being tested. The box is not to be disturbed at any time during the measurements or
conditipning. Both the sample and sensor are to be secured in place by mechanicallfasteners, such as
wood screws;-that require the use of a tool for removal.

20.4 Quadrantvectoratignmentforpubticmodesignating

20.4.1 To obtain the light output of the compound angles required for an emergency warning and public
mode visual signal, the sample is to be mounted as shown in Figure 20.6 and Figure 20.7. When rotated
between the angles of 35 and 45 degrees about the vertical axis of the center focal point (Figure 20.6) and
rotated between the angles of 45 and 60 degrees about the horizontal axis of the center focal point (Figure
20.7), the light output of any one combination within these angles shall not be less than 24 % of the rated
light output. This procedure is to be done for each of the lower left and right quadrants of a wall mounted
sample and all four quadrants for a ceiling mounted sample.
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Su4663

Figure 20.6

Vertical Axis Center Focal Point
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Figure 20.7

Horizontal Table Rotation

Su4667

20.5 Light output measurements for.private mode, emergency, and informative signaling

20.5.1| Private mode visible signal* devices that comply with the requirements of| 20.2 Light Output
Measufements for Public Mode" Signaling, and 20.4, Quadrant Vector Alignment for Public Mode
Signalipg, are not required to undergo additional Light Output Measurements specified [in this section.

20.5.2 | Each visible sighal device shall be tested in the as-received condition and shall produce the light
output marked on the visible signal device.

20.5.3| Each 'emergency or private mode visible signal device shall produce a light gutput not less than
80 pergent of\that marked on the visible signal device when tested after each of the follpwing tests:

aSectiom 25, Endurance;

b) Section 26, Variable Ambient Temperature;

¢) Section 30, Jarring;

d) Section 31, Vibration;

e) Section 33, Corrosion Tests;

f) Section 34, Water Spray Test; (for outdoor use)

g) 37.5, Ultraviolet Light and Water Exposure; (for outdoor use)

h) Section 38, Mechanical Strength Tests for Enclosures; and
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i) Section 39, Interference from Radio Frequency and Electromagnetic Radiation.
Refer to Annex C for test requirements and sample test sequence.

20.5.4 For a visible signal device using a lens having X, Y dimensions less than 100 mm, the value of
light output is to be measured at least 3.05 m (10 ft) from the lens. For a visible signal device using a lens
having X, Y dimensions greater than 100 mm (3.9 in), the value of light output is to be measured at a
distance of 7.62 m (25 ft) from the lens.

20.5.5 An emergency or private mode visible signal device is to be tested for the light output at those
angles in accordance with the manufacturer's specifications. (See 48.2). When this information is not
availa |n, egmplne are to he tested ||eing at least the \lin\nling Qnglne ustrated in l-_iqure 20.8 — Fiqure

20.10 ps applicable.

Figure 20.8

Viewing Angles for Cube-Type Lenses

LIGHT
SOURCE /

o
[}

S3196


https://ulnorm.com/api/?name=UL 1638 2023.pdf

54

CAN/ULC 526:2023 ¢+ ANSI/UL 1638

APRIL 27,2023

Figure 20.9

Viewing Angle for Dome-Type Lenses
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Figure 20.10

Viewing Angle for Trapazoidal-Type Lenses
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20.5.6] The flash rate for a private mode visible signal device or informative signal Visible signal device
shall be as specified in 20.1.4 when tested:

a) In the as-received condition; and

b) Following eachof the tests specified in 20.5.3.

20.5.7] A visible signal device intended to be cycled on and off by an external control,|such as a fire alarm
contro] panel-is{to be operated at the frequency and duty cycle specified by th¢ manufacturer and
referenced.inthe marking on the visible signal device. When frequency and duty cyde are not specified,
the vigible\signal device is to be tested while operating at a frequency of 60 cycles per minute and at a
50 % quty’cycle.

20.6 Synchronization of light output test

20.6.1 A visible signal device having a synchronization feature shall be tested in accordance with 20.6.2
—20.6.5.

20.6.2 A synchronization feature shall cause all the visible signal devices to flash within a 0.01 s time
frame. Each device of the system shall operate synchronously for a minimum of 2 h, and the feature shall
maintain a 1 to 2 Hz flash rate throughout the test.

20.6.3 The maximum number of visible signal devices, as indicated in the installation instructions, are to
be interconnected together and each of the devices are to be placed in a position of normal use and
positioned so that the light output of each visible signal device is directed at a photo transistor switch
circuit. The leading edge of the first detected visible signal to flash to the trailing edge of the last visible
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signal to flash, shall be within 10 ms of the pulse width of a single visible signal. The visible signal devices
under test are to be operated in an area where the ambient light condition is less than 10 % of the effective
illumination produced by any one visible signal device. During signal operation, the room is to be
monitored for any abnormal light conditions.

20.6.4 The visible signal devices are to be electrically connected to a rated source of supply in
accordance with the manufacturer's wiring instructions. Two test trials are to be conducted. The first trial is
to be conducted with minimum wire impedance at maximum rated voltage. The second trial is to be
conducted with maximum wire impedance at minimum rated voltage.

20.6.5 During each synchronization trial, each light flash event is to be monitored. The equipment used

to sen

e the light is to be monitored using a chart recorder, computer, or any other

system capable of

recordi
2 h op

hg pulse speeds greater than 1000 Hz. The data storage system is to be capa
eration. Following the test, the data is to be examined to verify that all flas

ble of a continuous
h events meet the

requirgments of 20.6.2.

21 Informative Textual Displays

lors and be at least
oke thickness shall
5 used shall have a

ercase ”I”. Spacing
- height. Character

21.1

the siz
be no |
width d
betwesg
spacin

nformative type visible signaling devices shall have characters of contrasting cg
b shown in 21.2 — 21.6. Character height is based on theuppercase “I”. The st
ess than 10 % and no more than 30 % of the height ofthe uppercase ”I”. Font
f no less than 55 % of the uppercase “O” and nomore than 110 % of the upp
n characters shall be 10 % minimum and 35:%"maximum of the characte
J is measured between the two closest points of adjacent characters.

21.2 |nformative type visible signaling devices*shall be visible at 3.05 m (10 ft) and |
of 0.8 n (2.6 ft) in any ambient light intensity-between 50 and 1500 Ix. The angle in w
can belread relative to a line perpendicularto the mounting surface of the device shal
viewed from the side, at least 15° if viewed from above, at least 15° if viewed from belo

bgible at a distance
nich the information
be at least 22.5° if

<

the finished floor of
5s than 1830 mm (6

21.3 [nformative textual displays.intended for mounting at a minimum height above
1200 mm (40 in) but less than 1780 mm (70 in) with an intended viewing distance of le
ft) shal| have a character height of not less than 16 mm (5/8 in).

the finished floor of
distance of greater
3 mm per 300 mm

21.4 [nformative textual displays intended for mounting at a minimum height above
greater than 1200.mm (40 in) but less than 1780 mm (70 in) with an intended viewing
than 1830 mm (6-ft) shall have a character height of not less than 16 mm (5/8 in) plus
(plus 0f12 in perA ft) of horizontal viewing distance beyond 1800 mm (6 ft).

21.5 |nformative textual displays intended for mounting at a height above the finighed floor between
1780 mm (70 in) but less than 3050 mm (10 ft) with an intended horizontal viewing distance of less than
4570 mm (15 ft) shall have a character height of not less than 51 mm (2 in).

21.6 Informative textual displays intended for mounting at a height above the finished floor of greater
than between 1780 mm (70 in) but less than 3050 mm (10 ft) with an intended horizontal viewing distance
of greater than 4570 mm (15 ft) shall have a character height of not less than 51 mm (2 in) plus an
additional 3 mm per 300 mm (0.12 in per 1 ft) of viewing distance beyond 4570 mm (15 ft).

21.7 Informative textual displays intended for mounting at a height above the finished floor of greater
than 3050 (10 ft) with an intended horizontal viewing distance of less than 6400 mm (21 ft) shall have a
character height of not less than 75 mm (3 in).

21.8 Informative textual displays intended for mounting at a height above the finished floor of greater
than 6400 mm (21 ft) with an intended horizontal viewing distance of greater than 6400 mm (21 ft) shall
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have a character height of not less than 75 mm (3 in) plus an additional 3 mm per 300 mm (plus 0.12 in per
1 ft) of viewing horizontal distance beyond 6400 mm (21 ft).

21.9 The requirements pertaining to measurement of effective luminous intensity covered in Section 20,
Measurement of Effective Luminous Intensity (Light Output), installation drawings in 48.2(b), and the
marking requirements in 46.1 do not apply to informative textual displays.

22 Temperature Rise

221 The materials and components employed in the construction of an visible 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-cperation
Table 22.1
Maximum Temperature Rises
Material Normal standby Operating (Alarm)
condition
°C (°F) °c (°F)
A. COMPONENTS
1. Capacitors® 25 (45) 40 (72)
2. fFuses 25 (45) 40 (72)
3. Relays, transformers, and other coils with:
h) Class 105 insulated windings
Thermocouple method 65 (117) 65 (117)
Resistance method 75 (135) 75 (135)
) Class 130 insulated windings
Thermocouple method 85 (153) 85 (153)
Resistance method 95 171) 95 171)
4. Resistors®
h) Carbon 25 (45) 25 (45)
) Wire wound 50 (90) 325 (585)
5. $ealing compounds See footnote c See footnote ¢
6. $olid-statedevices See footnote a or d See footnote a or d
B. INSULATED:CONDUCTORS®
1. ApplianCe wiring material 25 °C (45 °F) less than the P5 °C (45 °F) less than
estahlished temperature the established

2. Flexible cord — Types SJO, SJT

C. ELECTRICAL INSULATION — GENERAL
1. Fiber used as electrical insulation or cord bushings

2. Phenolic composition used as electrical insulation or as parts
where failure will result in a hazardous condition

3. Printed-wiring boards

D. GENERAL

rating of the wire

35 (63)
25 (45)
25 (45)

Based on maximum use
temperature rating of
printed-wiring board
material

temperature rating of the

wire
35 (63)
125 (225)
65 117)

Based on maximum use
temperature rating of
printed-wiring board
material

Table 22.1 Continued on Next Page
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Table 22.1 Continued

Center,

b Aresi
rating y

¢ Unles
temper;

9 The td
during
under |
compo
not exc|

© For st
70, in th
is 25 °(

Material Normal standby Operating (Alarm)
condition
o (°F) o (°F)
1. Mounting surface 25 (45) 65 (117)
2. Wood or other combustible material 25 (45) 65 (117)
3. Enclosure surfaces:
a) Metal 40 (72) 40 (72)
b) Plastic 60 (108) 60 (108)
c) Glass 50 (90) 50 (90)
@ Thesg components are not required to comply with these temperature limits when they have been evalUatgd in accordance with
the apgropriate sections in the Reliability Toolkit: Commercial Practices Edition, published by Reliability Information Analysis

US Department of Defense Information Analysis Center.

nder the test conditions specified.

5 a thermosetting material, the maximum sealing compound temperature, when corrected to a 25 °C
hture, is 15 °C (27 °F) less than the softening point of the compound as determined by ASTM E28.

mperature of a solid-state device (for example, transistor, SCR, integrated cireuits) shall not exceed
he normal standby condition. The temperature of a solid-state device shall,hot exceed 75 percent of
he alarm condition or any other condition of operation that produces the maximum temperature dissi
ents. For reference purposes, 0 °C (32 °F) is to be considered as{0 percent. For integrated circuits,
ped 50 percent of its rating under the normal standby condition‘@nd 75 percent under any other cond
te devices and integrated circuits may be operated up to the.maximum ratings under any one of thg

solid-st|
iFThe component complies with the requirements in US Department of Defense, MILSTD — 883E, Tesst Method Standard —
icrocircuits.

A quality control program is established by the manufacturer consisting of inspection and test of 10
bmponents, either on an individual basis, as part-of‘a subassembly, or equivalent.

Each assembled production unit is subjected to a burn-in test, under the condition that results in thg
mperatures, for 24 hours while connected'to a source of rated voltage and frequency in an ambient
20 °F) followed by an operation test for hormal signaling performance.

Bndard insulated conductors otherthan those mentioned, reference shall be made to the National El
e United States, or the CanadianElectrical Code C22.1, in Canada. The maximum allowable tempe
(45 °F) less than the temperature limit of the wire in question.

Btor is not required to comply with these temperature limits if it dissipates not more than‘ohe-half of its maximum power

(77 °F) ambient

50 percent of its rating
its rated temperature
pbation of its

he loading factor shall
ition of operation. Both
following conditions:

D percent of all

maximum
pf at least 49 °C

ectrical Code, NFPA
rature rise in any case

22.2
attaine
highes

22.3
unit ing
the top

d but not less.than 1 h at intended service conditions per Table 19.1 considg
temperatures.

Temperature measurements on equipment intended for recessed mounting shg
talled in an enclosure of nominal 19 mm (3/4 in) thick wood having clearances

For this test the visible signaling device shall be driven until constant temperatures (see 22.4) are

red to produce the

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

, sldes and rear, and the front extended to be flush with the enclosure cover.

22.4 The values for temperature rises in Table 22.1 are based on an assumed ambient temperature of
not more than 25 °C (77 °F). 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.

22.5 If equipment is intended for use with a prevailing ambient temperature higher than 25 °C (77 °F),
the test is to be conducted at the intended higher ambient temperature, and the allowable temperature
rises specified in Table 22.1 are to be reduced by the amount of the difference between that higher
ambient temperature and 25 °C (77 °F).

22.6 Thermocouples used for temperature measurement shall consist of wires not larger than 24 AWG
(0.21 mm?) and not smaller than 30 AWG (0.06 mm?). Temperature measurement may be by the
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resistance method or by the thermocouple method as appropriate. When supplementary thermal
insulation or wrapping is employed, the temperature measurement point shall be under such material
when measurement is by the thermocouple method.

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:

= g(lﬁ-tl)—(k-i—tz)

In whic¢h:

t = Temperature rise in °C

t; = Room temperature at beginning of testin °C
t, = Room temperature at end of test in °C

R = Resistance at the end of the test, in Q

r = Resistance at the beginning of the test, in Q

k =234.5 for copper, or 225.0 for electrical conductor grade aluminum

22.8 |The circuit of a current regulating resistor.6r reactor shall be adjusted for the maximum heating
effect condition which may occur in service. Gurrent, voltage and power regulating gomponents shall be
set for|the worst-case heating effect service.condition.

22.9 |A visible signaling device that is‘intended to produce a signal when its energizing circuit is closed is
to be [operated continuously. An yisible signaling device which is marked to indicate intermittent duty
cycles|is to be operated at such-duty cycles.

22.10| A visible signaling-device that is designed to operate when its energizing cir¢uit is to intermittent
shall be operated at the\rate that produces the maximum temperature rise.

23 Dielectric Voltage-Withstand

23.1 |A product shall withstand for 1 min without breakdown, the application of an egsentially sinusoidal
AC potentia en live parts and the
enclostire; ,, d metat-parts—{seeNote—H;—andbe tween live parts of

circuits operating at different potentials or frequencies. 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 212V 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 plus 2.828 times the rated AC rms voltage, when a DC potential is used). See 23.3 — 23.5.

NOTE 1: Exposed dead-metal parts are non-current-carrying metal parts that are capable of becoming energized and are accessible
from outside of the enclosure of a product.

NOTE 2: A reference or component ground is to be disconnected prior to the test applications.
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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
voltagg being applied to the circuit exceeding 105 % of the peak value of the specifigd test voltage. The
applied potential is to be:

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

b) Maintained at the test potential for 1 min without an indi¢ation of a breakdgown or leakage of
greater than 0.5 mA. Manual or automatic control of the rate ofrise is not prohib|ted.

23.5 A printed-wiring assembly or other electronic circuit component that is capable gf 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 gntire unit. Rectifier
diodes|in the power supply may be individually shuhted before the test to avoid destroying them in the
case of a malfunction elsewhere in the secondary€ircuits.

23.6 [f an autotransformer is in the circuitgthe primary of the transformer is to be disconnected and an
AC tesi potential in accordance with 23.1(¢) is to be applied directly to all wiring involving more than 250 V.

24 Evaluation of Reduced Spacings on Printed-Wiring Boards

241 [n accordance with the Exception of 15.1, printed-wiring board traces of differ¢nt potential having
reduced spacings shall comply with:

a) The dielectrie-voltage-withstand test described in 24.2 and 24.3; or

b) The sharted trace test described in 24.4 and 24.5.

24.2 A printed-wiring board, as specified in 24.1(a) shall withstand for 1 min withiout breakdown the
application’ of a dielectric withstan ntial between the tr. having r ngs, in accordance
with Section 23, Dielectric Voltage-Withstand, as appropriate.

24.3 Power-dissipating component parts, electronic devices, and capacitors connected between traces
having reduced spacings, are to be removed or disconnected so that the spacings and insulations, rather
than these component parts, are subjected to the full dielectric voltage-withstand test potential.

24.4 Printed-wiring board traces, as specified in 24.1(b), are to be short-circuited, one location at a time,
and the test is to be conducted as described in 28.1 (Abnormal Operation and Burnout — General). As a
result of this test:

a) The overcurrent protection associated with the branch circuit to the unit shall not open; and

b) A wire shall not open.
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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).

24.6
the prq
25 E

251

Immediately following each fault described in 24.4, within one minute of the¢eg
duct shall be subjected to Section 23, Dielectric Voltage-Withstand Test.

ndurance

A visible signaling device shall perform as intended when endurance tested a

25.3, as applicable. There shall be no electrical or mechanical malfunction of the de

shall g
Outpu
shall b

25.2
until 4
72 h.

omply with the requirements of Section 20, Measurement of Effective Lumir
), upon completion of the test specified in 26.2, EffeCt of Shipping/Storage Te
e conducted at maximum rated voltage and maximum.rated light output.

Two samples are first to be operated for alternate 5 min periods of energization
B cycles have been completed. Following thé48 cycles, the device is to be oper3
Overcurrent protection and thermal  protection devices shall remain ina

endurance.

25.3
the vig
exami

Following the endurance conditioning and tests in 26.2, Effect of Shipping/St
ible signaling device shall be-allowed to stabilize to room temperature and th
ned for damage and then.subjected to the applicable tests in Section 20, Meas

nclusion of the test,

5 specified in 25.2 —
ice, and the device
ous Intensity (Light
mperature. All tests

and de-energization
ted continuously for
ctivated during the

orage Temperature,
e samples shall be
urement of Effective

Luminpus Intensity (Light Output) or 20.3, Black Box Test Procedure for Public Mode Signaling.
26 Vpariable Ambient(Temperature
26.1 (General
26.1.1| As<aresult of the exposure to 26.2, Effect of Shipping and Storage Temperature, 26.3, High and
Low Ambient Temperature, and Section 27, Humidity:
a) Visible signaling devices shall not present a risk of shock;
b) Light output shall not be less than rated; 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 a visible signaling device shall not be adversely affected by exposure to

temperatures anticipated during shipping and storage. The exposure shall not result in warping, cracking,
discoloration or any other damage that would impair its operation in any way or its suitability for the
intended use.
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26.2.2 A sample, as normally shipped, shall be subjected to a temperature of 70 5 °C (158 +9 °F) for a
period of 24 h, allowed to stabilize to room temperature, subjected to a temperature of -40 x5 °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.F—A—visibte c;ylla:;lly tevice—shaltbe upclat;\.n yat dt.u;lly atrd fu“uvv;lly the Xposure to the low
tempernature test.

26.3.1.2 Avvisible signaling device intended for indoor use in dry locations, is to'be mqunted as described
in 20.3| Black Box Test Procedure for Public Mode Signaling, and the black box placed|in an air circulating
enviroimental chamber and then the sample is momentarily energized to verify operation. The
envirorimental chamber is then turned on and adjusted to the lower of\the following temperatures:

During
exposy

26.3.1.
describ

circulaling environmental chamber.. The sample is then momentarily energized

operati
consist
temper
at a hy
exposy

26.3.1.
describ

a) 05 °C (32 £9 °F); or

on its marking.

the exposure the signaling device is not energized except as noted in betwg
re time is to be 3 h or longer if required to-achieve thermal equilibrium.

3 A visible signaling device intended for indoor use in damp locations is
ed in 20.3, Black Box Test Procedure for Public Mode Signaling, and the black

pnal before being subjectedto 20 cycles of temperature and humidity cycling. A
s of a change from a temperature of 25 +5 °C (77 £9 °F) at a humidity of 95 5
ature indicated in 26.3.1.2 for a period of 30 min, and back to a temperature of
midity of 95 +5 % R.H. The rate of change is to be 2 +1 °C (3.6 1.8 °F) p
re the signaling-device is not energized except as noted between exposures.

A sigraling device intended for outdoor use in damp or wet locations is
ed in 20.3, Black Box Test Procedure for Public Mode Signaling, and the black

circula
operati
consis

ing. eavironmental chamber. The sample is then momentarily energized
nal before being subjected to 20 cycles of temperature and humidity cycling. A

b) The lowest ambient operating temperature specified in the product's installation instructions or

en exposures. The

to be mounted as
box placed in an air
o verify that it is
\ temperature cycle
% R.H. to the lower
P5 +5 °C (77 19 °F)
er min. During the

to be mounted as
box placed in an air
o verify that it is
\ temperature cycle

% R.H. to the lower

the temperature indicated below for a period of 30 min, and back to a temperature of 25 +5 °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 visi

ble signaling device is not to be energized, except as noted between exposures.

a) -40 +5 °C (-40 9 °F); or

b) The lowest ambient operating temperature specified in the product's marking installation

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 visible signaling device is to be
momentarily energized to verify that it is operational and then subjected to the applicable tests in 20.3,
Black Box Test Procedure for Public Mode Signaling.
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26.3.1.6 Following the low temperature exposures, the samples shall be allowed to stabilize to room
temperature and then examined for damage before being subjected to the tests in 26.3.2, High
Temperature Test.

26.3.2

26.3.2

High temperature test

A

temperature test.

A visible signaling device shall operate as intended during and following exposure to the high

26.3.2.2 A signaling device intended for indoor use in dry locations is to be mounted as described in
20.3, Black Box Test Procedure for Public Mode Signaling, and the black box placed in an air circulating

enviro

enviro
tempe

During
expos

26.3.2
descri
circulg
opera
chang
indica
of 95 1
device

26.3.2
descri
circulg

nmeantal chamber The samnle is then mamentarily eneraized to verify that it
P Y S B4

hmental chamber is then turned on and adjusted to maintain the highg
Fatures:

a) 50 5 °C (122 £9 °F); or

b) The highest ambient operating temperature specified in the products instal
on its marking.

the exposure the visible signaling device is not torbe-energized except a
ires. The exposure time is to be 3 h or longer if requifed‘to achieve thermal equi

3 A visible signaling device intended for indoor use in damp or wet locations
pbed in 20.3, Black Box Test Procedure for Puplic Mode Signaling, and the black
ting environmental chamber. The sample is then momentarily energized

from a temperature of 25 +5 °C (77@9 °F) at a humidity of 95 5 % R.H. to thsg
ed in 26.3.2.2 for a period of 30 min; and back to a temperature of 25 +5 °C (77
E5 % R.H. The rate of change is.o be 2 +1 °C (3.6 £1.8 °F) per min. During ex
is not energized, except as noted between exposures.

]Lonal before being subjected to 20 cycles of temperature and humidity cycling.

4 A visible signaling device intended for outdoor use in damp or wet locations
ped in 20.3, Black Box Test Procedure for Public Mode Signaling, and the black
ting environmental chamber. The sample is then momentarily energized

operational before being subjected to 20 cycles of temperature and humidity cycling.

chang
tempe
humid
signali

b from a temperature of 25 £5 °C (77 19 °F) at a humidity of 95 +5 % R.H.

ratures indicated below for a period of 30 min, and back to a temperature of 25 1
ty of 9625 % R.H. The rate of change is to be 2 £1 °C (3.6 £1.8 °F) per min.

ng'device is not energized except as noted between exposures.

is operational. The
er of the following

ation instructions or

b

noted in between
ibrium.

is to be mounted as
box placed in an air
to verify that it is
A\ cycle consists of a
higher temperature
19 °F) at a humidity
posure the signaling

is to be mounted as
box placed in an air
to verify that it is
A\ cycle consists of a
to the higher of the
-5 °C (77 £9 °F) at a
During exposure the

a) 66 +5 °C (151 £9 °F), 95 5 % R.H.; or

b) The highest ambient operating temperature specified in the manufacturer’'s published

instructions or on its marking.

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 and then subjected to the applicable tests in the Black box test procedure for
public mode signaling, 20.3, Black Box Test Procedure for Public Mode Signaling.

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 Section 27, Humidity Test.
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27 Humidity Test

27.1 Following the exposures in Section 26, Variable Ambient Temperature, a visible signaling device
shall operate as intended during and following exposure to high humidity without risk of fire or electric
shock.

27.2 A visible signaling device intended for indoor use only in dry locations is to be mounted as
described in 20.3, Black Box Test Procedure for Public Mode Signaling, and the black box placed in an air
circulating environmental chamber. The sample is then to be momentarily energized to verify that it is
operational before being subjected to relative humidity of 93 +2 % and a temperature of 32 +2 °C for a
period of 24 h. During the exposure the signaling device is not to be energized except as noted between
exposyres

27.3

mount
placed
it is op
(140 +
except

27.4
the sig
to stab

A visible signaling device intended for indoor or outdoor use in damp_or, we
bd as described in 20.3, Black Box Test Procedure for Public Mode Sigpaling
in an air circulating environment chamber. The sample is then momentarily ene
erational before being subjected to relative humidity of 95 £5 %'and a tempg
D °F) and maintained for 240 h. During the exposure the signaling device is 1
between exposures.

At the completion of the humidity exposure, the environmental chamber is to b
haling device is to be momentarily energized to verify that it is operational. It sh
lize to room temperature and subjected to the applicable tests in 20.3, Black |

I locations is to be
and the black box
rgized to verify that
rature of 60 5 °C
ot to be energized

b de-energized and
all then be allowed
Box Test Procedure

for Puljlic Mode Signaling.
27.5 Following the operational check in the humidity environment, the visible signaling device shall be
removed from the humidity chamber and withift'6 min it shall be subjected to and meet the requirements of

Sectior]

23, Dielectric Voltage-Withstand.

28 Abnormal Operation and Burnout

28.1 General

28.1.1| A visible signal device shall not present a fire hazard or an electrical ghock hazard as a
conseduence of an electrical fault or overload.

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.

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.
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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 A visible signaling device shall not present a fire hazard or an electrical shock hazard as a
consequence of the application of an abnormal supply.

28.2.2 The device shall be driven by a 60 Hz supply having a capacity 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| A visible signaling device intended to produce a flash rate intended‘for infermittent duty shall
withstand continuous energization at maximum rated voltage without thHeyemission|of flame or molten
metal ffrom the enclosure and without any other manifestation of riskiaf-fire, electri¢ shock, or injury to
persons.

28.3.2| The device shall be continuously driven by a 60 Hz supply having a capacity ¢f 1000 VA. The test
voltage shall be 2 times rated voltage.

28.4 [Compliance

28.4.1| The visible signaling device shall be considered in compliance with the tegts 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;

¢) The maximum externalyenclosure 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 visible
signaling device‘has been reduced to rated voltage;

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

f) Thesrequirements of Dielectric Voltage-Withstand, Section 23.

29 Cilomponent Str

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.

29.3 To determine compliance with 29.2 the product is to be conditioned as follows:

a) Energized from maximum rated voltage;
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b) Any interchangeable fuse replaced with a fuse of the highest available current rating which fits

the fuseholder;

c) The appliance covered with a single layer of bleached cheesecloth fabricated at 26 — 28 m?/kg
(14 — 15 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.

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

a) There is no burning of the cheesecloth;

30 J3

30.1

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

c¢) The signaling device complies with Section 23, Dielectric Voltage-Withstand

rring

applicdtion without dislodgement of any parts, including covers or grills, and w

subsed

uent intended operation. The device shall be mountéd in the position of inte

signalinmg device intended for wall or ceiling mounting shall-be tested in the wall-mounte

30.2
applied

NOTE: H
are not ¢

30.3

by 120
cornery
to the (¢
steel p

Dne impact is to be applied with the visible signaling device de-energized and
with the device driven at rated voltage. The@impacts shall not result in:

a) Unintended operation;
b) Inhibition of intended operation; and

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

alling off of the sample's cover-shall be permitted only when parts operating at a potential greater
xposed, operation is not affected, and the cover can be replaced as intended

0 mm (72 by.'48 in), 19 mm (3/4 in) thick plywood board which is secured i
5. See Fidure 30.1. A 105 mm (4 in) square steel plate, 3.2 mm (1/8 in) thick, sha
enter ‘of-the reverse side of the board. A 4.08 J (3 ft-Ib) impact is to be applied
ate\by'means of a 540 g (19 0z), 50 mm (2 in) diameter steel sphere which is eit

[est.

he visible signaling device shall withstand jarring resulting from impact anticipated in the intended

thout impairing its
hded use. A visible
d position.

one impact is to be

han 30 Vac or 42.4 Vdc

[he visible signaling device shall be mounted in the position of intended use to the center of a 1800

n place at the four
Il be rigidly secured
to the center of the
her:

a) Swung through a pendulum arc from a height (h) of 775 mm (30.5 In) In or
(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) ener
the mounting of the equipment.

der to apply 4.08 J

gy depending upon
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Figure 30.1

Jarring Test

Steel Sphere

304
thens

31 V|

31.1
witho

31.2
Servict
be seq

A ;

TTTTTT9 T T T 777777
(1) (2)

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

Following the jarring, the visible-signaling device shall be examined for dislod
Lbjected to Section 31, Vibration Test.

bration Test

A visible signaling device shall withstand vibration without breakage or da
t development of any condition, which would impair its intended operation.

The sample used in the jarring test, in the de-energized state, shall be mag
b 0,219 mm (3/4 in) thick fir plywood sheet, 460 by 460 mm (18.1 by 18.1 in),
urely fastened to a variable speed vibration machine having an amplitude of 0.2

jement of parts and

mage to parts, and

unted as in normal
which, in turn, shall
5 mm (0.009 in). An

visible

signaling device Intended tor wall or celling mounting shall be tested In the wa

ll-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) Section 20, Measurement of Effective Luminous Intensity (Light Output); and

b) Section 23, Dielectric Voltage-Withstand Test.
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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, 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:

324
point W
remova
When
cord o
force tq

33
33.1

33.1.1
to the

a) The insulation of the cord being subjected to temperatures or voltages)g
ratings;

b) The cord coming into contact with sharp or moving parts capable ©f,damag
the cord or affecting the performance of a fire or emergency warning,visible sign

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

lo determine compliance with 32.3, the supply cord or lead is to be held 25.4
here the cord or lead emerges from the product andsthen pushed back into th

bove the assigned

ng the insulation of
aling device; or

mm (1 in) from the
e product. When a

ble bushing which extends further than 25 mm is’present, it is to be removed prior to the test.

he bushing is an integral part of the cord, the tést is to be carried out by holdir
lead is to be pushed back into the product in“25.4 mm increments until the
push the cord into the product exceeds 26-7-N (6 Ib-f).

Corrosion Tests

General

The performance of a visible signaling device shall not be adversely affected
ests specified in 33.2; Hydrogen Sulphide, and 33.3, Sulphur Dioxide — Carh

signaling devices intended:for outdoor-use shall also not be adversely affected follow

test sp

33.1.2
tested
Hydrog
Sulphu

beified in 33.4, Salt.Spray.

Four as:feceived samples are to be tested for indoor-use and six as-receiveq
for outdoor-use. Two samples are to be subjected to the corrosion condition
en Sulphide, and the other two samples are to be subjected to the condition
r.Dioxide-Carbon Dioxide. Two visible signaling devices intended for outdoo

A-22 4 _Qolt O

g the bushing. The
cord buckles or the

following exposure
on Dioxide. Visible
ng exposure to the

samples are to be
5 specified in 33.2,
5 specified in 33.3,
r-use shall also be

subjec

At I onraioan H 19~0= I —Th RV P bal baanth+
CU U Ad odit oplay opoLnicu nr vv.7 1, Jdit uplay. I TAPUOSUTT O ofiail v Wil ut

energized state.

ke sample in the de-

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 applicable tests in Section 20, Measurement of effective luminous intensity (light output);

and

¢) A wireless notification appliance shall not be reduced in performance when tested in accordance

with 50.3 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 visible 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 reqwred is to be measured W|th a flow meter and stopwatch. Before each introduction of gas, the
remaining hamber. On the fifth
and sixth day of the exposure, the chamber is to remain closed, and no purglng or intrpduction of gas is to
be conducted. During the exposure, the gas-air mixture is to be gently stirred by-meaps of a small motor-
driven|fan located in the upper-middle portion of the chamber. A small amount‘of watdr (10 ml/0.003 m? of
chamher volume) is to be maintained at the bottom of the chamber for humidity.

33.2.3] For an outdoor-use visible signaling device, two samples are to be exposed fo a moist hydrogen
sulphigle-air mixture in a closed glass chamber as described in 33:21. The hydrogén sulphide is to be
supplied to the test chamber from a commercial cylinder contajring this gas under pfressure. On the first
through fourth, and seventh through tenth days, an amount{of hydrogen sulphide equivalent to 1.0 % of
the voJume of the chamber is to be introduced into the chamber from a commercial das cylinder, and the
volume required is to be measured with a flow meter and<stopwatch. Prior to each intfoduction of gas, the
remaining gas-air mixture from the previous day is to.be thoroughly purged from the ghamber. On the fifth
and sixth day of the exposure, the chamber is to remain closed and no purging or intrpduction of gas is to
be conducted. During the exposure, the gas-airmixture 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 of watdr (10 ml/0.003 m? of
chamber volume) to be maintained at the béttom of the chamber for humidity.

33.3 [Sulphur dioxide — carbon dioxide

33.3.1| 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.

33.3.2] For an indoar-use visible 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 cylindgrs containing these

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 visible 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 visible 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)

33.51
Testin

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

33.2 and 33.3.

33.5.2

50.8 mm

30 +2
temper
dry bul

33.5.3
air exc

Two samples are to be placed in a 200 L or larger test chamber on aplat
(2 in) above the bottom of the chamber. The temperature in the chamber'sh
°C (86 =3 °F) and the relative humidity at 70 +2 % (measured directly in
ature and humidity are to be checked daily. Because of the corrosjve-atmosphs
b thermometers shall be used for measurement of relative humidity:

form approximately
bll be maintained at
the chamber). The
re a set of wet and

The following gas mixture in air is to be supplied to the chamber at a rate suffjcient to achieve an

hange in the chamber of about five times per hour, for a peniod of 3 weeks: 100

10 parts per billion

(ppb) (parts per billion = parts per 109 by volume) hydrogen<sulfide (H,S) plus 20 +% ppb chlorine (Cl,)
plus 200 +50 ppb nitrogen dioxide (NO,). The air inside the/.chamber is to be circulajed by a single fan,
with flow upwards from the bottom.

33.5.4| Following exposure to the environment{Zthe sample shall be allowed tq stabilize to room
conditipns and then shall comply with 33.1.3.

34 Whter Spray Test

34.1 A visible signaling device intended for outdoor-use or use in a wet environmgnt shall operate as

intendg
outdoo
be exp
device

34.2
prior to

d and shall be free from"“shock exposure during and after exposure to wate
r-use visible signaling device intended for mounting in such a manner and locat
osed to rain or water.seepage, need not be subjected to this test providing {

is appropriately marked and the exception detailed in the installation instructions.

An enclosure-constructed from a polymeric material shall be conditioned for 7
the application of water spray.

[he visible signaling device shall be mounted in accordance with the installa

r spray for 1 h. An
on that it would not
he visible signaling

h at 70 °C (158 °F)

tion instructions to

wiring and conduit

connect|on The orlentat|on of the assembly shall be one perm|tted by the mstallatlon instructions which
would most likely result in the entrance of water into the enclosure or affect the operation of the visible
signaling device.

34.4 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 visible signaling device is to be approximately 1 m. The visible 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 visible signaling device enclosure or other parts of the assembly
where the presence of water would impair the visible 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.
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Figure 34.1
Water Spray-Head Piping
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Figure 34.2
Water Spray Head

U

KA

ASSEMBLY

PERED

14.0 mm |=—
12.7 i) TA
1.0 mm —-
0mm FA‘ / PIPE THREAD

1468 mm
14.73 mm
'

22.23 mm HEXAGONAL
BAR STOCK

0
385°—_|

NN

| 0.40 mm

5.0 mm DRILL
(maximum))

THROUGH

——=3h0 mm ———

BODY DETAIL

3 HOLES SPACED 120Q° .
2.79 mm DRILL THROUGH
45° COUNTERSINK 0.80.mm DEEP —

. 0.80mm
(maximum)

6.35 mm, DRILL TO DEPTH
REQUIRED FOR THROAT]

)

P.49 mm DRILL THROUGH

14.61 mm Y1
14.63mm [\

11.51 mm
11.53 mm

-*\

2.38 mm

6.35 mm
3.97 mm

—

t=-18.30 mm-

16.0 mm, (H
ROUND BA

EXAGONAL OR
R STOCK)

3 SQUARE SECTION SLOTS,
1.52 mm WIDE X 1.52 mm DEEP,

SPACE 120°, 60° HELIX

LEADING EDGES TANGENT TO RADIAL HOLES

INSERT DETAIL

su1628
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34.5 The test set-up shall be arranged so that the visible signaling device shall be driven at maximum
input power before the application of the water spray.

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

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

34.8 The visible 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 Soray gppllr‘gflf\n

34.9 |Immediately following the Dielectric Voltage-Withstand the visible signaling‘dévice shall be driven at
the maximum input power for 5 min, and then the effective luminous intensity shall be measured in
accordance with the applicable tests in Section 20, Measurement of Effeetive Luminous Intensity (Light
Outpup).

34.10| The visible signaling device shall be considered in compliance with this tes{ when the following
requirements are met:

a) No dielectric breakdown as tested per 34.8;

b) There shall be no signs of water in the enclosure capable of wetting uhinsulated electrical
components; and

c) The light output does not decrease beyond the limits specified in Section 20, Measurement of
Effective Luminous Intensity (Light-Qutput).

35 Pplarity Reversal

35.1 |A visible signaling device, intended to be connected to a specific polarity, $hall operate for its
intended signaling performance after being connected to each polarity of the supply spurce at the voltage
indicaled. The reversed_polarity is to be applied for at least 1 h and then the visible sjgnaling device is to
be connected to a source-of supply having the correct polarity.

35.2 |The test shall'not:

a) Cause unintended operation;

b}nhibit intended operation:;

c) Damage any part; and

d) Adversely affect subsequent normal operation.
35.3 Before and at the end of the test, the visible signal device is to be subjected to Section 20,
Measurement of Effective Luminous Intensity (Light Output), or 20.3, Black Box Test Procedure for Public
Mode Signaling.
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
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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.

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 1.0
2000 141
3000 17.3
4000 19.6
5000 22.0
6000 25.1
7000 or more 27.5
2 Lineaf interpolation between adjacent values may be used to determiné the maximum acceptable current forresponding to
frequerjcies not shown. The Table applies to repetitive nonsinusoidahor sinusoidal waveforms.

36.3 The duration of a transient current flowing«through a 500 Q resistor connected bg¢tween the part and
earth ground or other exposed accessible partishall not exceed the following:

a) The value determined by the following equation:

1.43
re [2055]

Where:

| =The'peak current in milliamperes; and

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

b) 8UY MA, regardless of duration.

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

7.1 7.22s

8.5 5.58

10.0 4.42

12.5 3.21

15.0 2.48

17.5 1.99

ZU.U .04

22,5 1.39

25.0 119

30.0 919(millisecondg
40.0 609

50.0 443

60.0 341

70.0 274

80.0 226

90.0 191
100.0 164
150.0 92
200.0 61
250.0 44
300.0 34
350.0 27
400.0 23
450.0 19
500.0 16
600.0 13
700:0 10
809.0 8.3

36.5 |The maximum capacitance between the accessible terminals of the capacitor ghall not exceed the
valueq given'by-the following equations:
&K 400

C=—0p for 424 <E <400
E"3(Ln E—-1.26)

or:

C =35,288 E1°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 like.
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36.6 Typical calculated values of maximum capacitance are shown in Table 36.3.

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
a00. 1_nn
500 2.52
400 3,55
380 3.86
360 4.22
340 4.64
320 5.13
300 5.71
280 6.40
260 7.24
240 8.27
220 9.56
200 1.2
180 13.4
160 16.3
140 20.5
120 26.7
100 36.5
90 43.8
80, 53.8
70 68.0
60 89.4
50 124
45 150
424 169
36.7 ith 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
collectively, if the parts are simultaneously accessible. The current also is to be measured while the
resistor is connected between one part or group of parts and another part or group of parts, if the parts are

simultaneously accessible.

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

36.9 Electric shock current refers to all currents, including capacitively coupled currents.
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36.10 If the visible signaling device has a direct-current rating, measurements are to be made with the
visible signaling device connected in turn to each side of a 3-wire, direct current supply circuit.

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 pos

ition

Excep|
the eV
of ele
condu

36.13
resistd

fion: The conductive connection is not required to be provided if such a connec
ent of electrical breakdown of the antenna isolating means, the breakdown dosg
ttric shock and, in a construction employing an isolating power transtormer, t

The maximum value of 5.2 MQ specified in 36.12 is to in¢lude the maxim
r value used; that is, a resistor rated 4.2 MQ with 20 % telerance or a resistor

Ctive connection between the supply circuit and chassis does not exceed 5.2 M().

jon is established in
s not result in a risk
he resistance of the

Im tolerance of the
rated 4.7 MQ with a

10 % ftolerance is acceptable. A component comprised of @scapacitor with a built-in shunt resistor that
complies with the requirements of CSA C22.2 No.1 and UL'60384, may be rated a minjmum of 1/4 W.
37 Tests on Polymeric (Plastic) Materials
371 |General
37.1.1] Polymeric materials used for the\sole support of current-carrying parts, or [for all or part of an
encloqure of a visible signaling device, shall be subjected to the tests in 37]2, Air-Oven Aging
(Tempgrature)and Flame, 37.3 andl-37.4. Where possible, a complete visible signaling device shall be
used.
37.1.2| A visible signaling\device molded from polymeric material rated Flammability class 5VA in
accordance with:

a) In Canadaonly: CSA C22.2 No. 0.17; or

b) In the United States only: UL 94;
is congidered to comply with the requirements of 37.3 and 37.4 without the necessity of 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 37.2 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
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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, followed by
light output measurements as described in Section 20, Measurement of Effective Luminous Intensity
(Light Output). Where the conditioning process has damaged electronic components, it is permissible to
replace them.

37.2.3 The effective luminous intensity output shall not be less than applicable minimum in accordance

with Section 20, Measurement of Effective Luminous Intensity (Light Output).

37.3

37.3.1

of a vis
current

a test

comple

37.3.2
air oveg
temper
in any
minimy

Except

37.3.3
perforn
locatio
the eqy
judged
be test

Excepf

Flame test — 19 mm (3/4 in)

ible S|gnaI|ng device rated 30 Vac (42 4 \% DC or AC peak) or Iess and used fo
-carrying parts or as an enclosure shall not flame for more than 1 min aftertwo
flame, with an interval of 1 min between applications of the flame. The s
tely consumed.

Three samples of the equipment are to be conditioned by placing them in a for|
n maintained at a uniform temperature not less than 10 <O (18 °F) higher
ature of the material measured under normal operating conditions, and not less
case. The samples are to remain in the oven for 7 days. After cooling to roon
m of 4 h, the samples are to be tested as described-in 37.3.3 — 37.3.6.

jon: Unconditioned test samples may be used‘when both of the following conditi

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

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

Three samples of the(part are to be subjected to the Flame Test describg
nance of the test, the equipment is to be supported in its normal operating po
n. Nonpolymeric portions are not to be removed and insofar as possible, the int
ipment is to be-inplace. The flame is to be applied to an inside surface of the s
as capable of becoming ignited because of its proximity to a source of ignition
d with the-flame applied to a different location.

jon: Unceonditioned test samples may be used when both of the following conditi

ial employed as part

the sole support of
30 s applications of

ample shall not be

ced draft circulating
than the maximum
than 70 °C (158 °F)
h temperature for a

bns are met:

as a result of long-

having a thickness

d in 37.3.5. In the
sition in a draft free
ernal mechanism of
ample at a location

Each sample is to

bns are met:

:a/) The material does not exhibit a reduction in its flame-resistance prnpnn‘inc

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 than the wall thickness of the polymeric part.

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 9.5 +0.3 mm (0.374 +£0.12 in)
and an inside diameter of 100 £10 mm (3.94 £0.39 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.
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Exception: Natural gas having a heat content of 37 MJ/m® (1000 Btu/ft®) at 23 °C (73 °F) has been found to
provide similar results and is appropriate for use.

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

374

37.4.1

curren

Flame test — 127 mm (5 in)

When tested in accordance with 37.4.2 — 37.4.6, a plastic material employed as part of a visible
signaling device rated greater than 30 Vac (42.4 V DC or AC peak) and used for the sole support of

t-carrying parts or as an enclosure all of the following results shall be obtained:

37.4.2
subjed
influen
days &
case.
(73.4 -
atalo

more than one part is near a source of ignition, each sample is to be tested with th

differe|

Excep

37.4.3
test is

a) The material shall not continue to burn for more than 1 min after the fiftm5
test flame, with an interval of 5 s between applications of the flame;

b) Flaming drops or flaming or glowing particles that ignite surgical cotton 305 1
test specimen shall not be emitted by the test sample at any time during the tes

c) The material shall not be destroyed in the area of the test flame to such
integrity of the part is affected with regard to containment of fire or exposure of

Three samples of the complete equipment or three ‘test specimens of the n
ted to this test. Consideration is to be given to leavihg in place components
ce the performance. The test samples are to bé.conditioned in a full draft circd
t 10 °C (18 °F) greater than the maximum usetemperature and not less than 7|
Prior to testing, the samples are to be~cenditioned for a minimum of 40
-3.6 °F) and 50 +5 % relative humidity. The flame is to be applied to an inside s
cation judged as capable of becoming ignited because of its proximity to a soun

nt location.

fion: Unconditioned test samples may be used when both of the following condit

a) The material doés_ riot exhibit a reduction in its flame-resistance properties
term thermal aging,~and

b) The thermal-aging program used for such determination included specimen
equal to-Qk-less than the wall thickness of the polymeric part.

The\three samples shall perform as described in 37.4.1. When one sample @
to.De repeated on a set of three new samples with the flame applied under the

s application of the

nm (12 in) below the
I, and

an extent that the
high voltage parts.

holded part shall be
and other parts that
lating air oven for 7
D °C (158 °F) in any
h at 23.0 £2.0 °C
irface of the sample
ce of ignition. When
b flame applied to a

ons are met:

as a result of long-

5 having a thickness

oes not comply, the
same conditions as

for the

unsuccesstul sample. All the new specimens shall comply with 37.4.1.

37.4.4 The Bunsen or Tirrill burner with a tube length of 9.5 £0.3 mm (0.374 +0.12 in), and an inside
diameter of 100 £10 mm (3.94 +0.39 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
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technical-grade methane gas (minimum 98 % pure) is to be used with a regulator and meter for uniform
gas flow.

Exception No. 1: The flame shall be applied to the outside of an enclosure when the equipment is of the
encapsulated type, or of a size that prohibits the flame being applied inside.

Exception No. 2: Natural gas having a heat content of 37 MJ/m® (1000 Btu/ft’) at 23 °C (73 °F) has been
found to provide similar results and is appropriate for use.

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

37.5 Ultraviolet light and water exposure test

37.5.1| The polymeric enclosure of a high-voltage visible signaling device intended for outdoor use shall
not shpw visible signs of deterioration, such as crazing, cracking, or dimensional ghange after being
subjecied to the Ultraviolet Light Exposure Test and Water Exposure and-Immersion |Test in accordance
with th¢ following standards:

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

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

37.5.2| An outdoor-use visible signaling device molded from polymeric material ratgd class f1 or 2, in
accordance with CSA C22.2 No. 0.17 and UL 746Cis considered to comply with the fequirements 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
changg shall be subjected to the tests described in Section 34, Water Spray Test.

37.5.4| Following this test, samples shall also be subjected to the tests in Section 40, Measurement of
Effectiye Luminous Intensity (Light Output) to verify that light output does not decreade beyond the limits
specifi¢d in Section 20.

38 Mechanical Strength Tests for Enclosures

38.1 A visible-signaling device enclosure assembly shall be of sufficient mechanical sjrength to withstand
abuse ganticipated in shipping, installation and service.

38.2 A sample shall be mounted in accordance with the installation instructions. 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) diameter steel
hemisphere to the external surface most likely to impair the operation of the device or create a risk of fire
or electric shock.

38.3 A sample shall then be mounted in accordance with the installation instructions and Figure 38.1.
Three impacts of 7 J (5 foot pounds) shall be applied by means of a solid, 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
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38.4 |When the visible signaling device’is intended for indoor use, the impacts specifijed in 38.3 are to be
condugted at room temperature. When the device is intended for outdoor use, the impacts are to be
condugted after the units have Been conditioned at least minus 40 °C (minus 40 °F) for|3 hours.

NOTE: For 38.2 — 38.4, unless specified, the same sample may be reused for each of the above applied forges. It is not prohibited to
use a different sample for the(application of each force in 38.2 and 38.3.

38.5 |As aresultofithe tests specified in 38.2 — 38.4, there shall be no exposure of liye parts, impairment
of the pperation.6f 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 pf the intended size
shall installed:

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-05CL)/L
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In which:

W s the weight to be hung at the end of the conduit, in kg or Ib

L is the length of the conduit from the wall of the enclosure to the point at which the weight is
suspended, in m or in

C is the weight of the conduit, in kg or Ib

M is the bending moment required, in Nm or Ib-in

38.8 FoIIowmg the apphcatlon of each force, the visible S|gnallng device is to be examined for damage

and ene
the eng
enclos

38.9
potenti

applicdtion of the forces and impacts of 38.2. The integrity of the conduit termination
as acd

operati

and the

accord
the tes

38.10

in a stdtic manner and maintained for 5 min to a 'sample length of terminated conduit.

39 In

39.1

39.1.1
Measu

39.1.2

subjecied to the tests specified in:

. or-intended-operation. Cracking of
Iosure is permltted |f |t does not |mpa|r mtended operatlon but is not when a du t- or moisture-tight
ire is used.

There shall be no reduction in electrical spacings, no exposure of Wninsulated energized parts at
bl above 30 Vac (42.4 volts DC or AC peak), and no impairment of. performance during and after the
shall not be reduced
nsequence of the test of 38.2. Falling off of the sample's coverishall be permittefd only when circuits
hg at greater than 30 Vac (42.4 volts DC or AC peak) are, not exposed, operation is not affected,
b cover can be replaced as intended. A dielectric withstand test of the sample shall be conducted in
bnce with Section 23, Dielectric Voltage-Withstand-The visible signal device shall be subjected to
s in Section 20, Measurement of Effective Luminous Intensity (Light Output).

A pull force of 890 N (200 Ib) shall be applied to raceway terminations. The fofce shall be applied

terference from Radio Frequency'and Electromagnetic Radiation
General

Prior to the tests specified below, the device is to be subjected to the tests spegified in Section 20,
fement of Effective Luminous Intensity (Light Output).

Visible signaling devices shall not be adversely affected and shall operate as intended after being

a) 39.2,-Extraneous Radio Frequency Transients;

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

Visible 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:

a) Causing unintended operation;

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

d) Adversely affecting its subsequent normal operation.

39.2.2 Two visible signaling devices shall be energized from a source of rated voltage and frequency and
subjected to transients generated from transmitters located 300 mm (11.8 in) from the visible signaling
device. The 300 mm (11.8 in) distance is to be measured from the transmitter antenna to the nearest edge
of the signaling device under test.

39.2.3 Five separate transmitter units shall be energized in turn, each having a 5 W output using random
voice messages, and operating at the nominal frequencies (2 %) of 27 MHz, 150 MHz, 450 MHz, 866
MHz, and 910 MHz. A total of six energizations are to be applied from each transmitter, five to consist of

5s'on and 5 s 'off', followed by one consisting of a single 15 s energization. For thistgst, the transmitter is
to be ip the same room as the visible signaling device under test. The tests are to.be,performed with the:
a) Antenna tip pointed directly at the signaling device; and
b) Antenna at right angles to the direction (a) and centered on the signaling deyice. Refer to Figure
39.1.
Figure 39.1
Extraneous Radio Frequency Transients
! \ VISIBLE SIGNAL / !
DEVICE UNDER TEST
300 mm (11.8in) ‘ ‘
e . .—i— 2
TRANSMITTER J
/ TRANSMITTER
1
su0186d

39.3 Supply-line transients

39.3.1 An ac-operated visible signaling device rated at greater than 30 Vac shall operate as intended
after being subjected to transients induced directly into the power supply circuit.
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39.3.2 For this test, the visible signaling device is to be connected to a transient generator capable of
producing the transients described in 39.3, Supply-Line Transients. The output impedance of the transient
generator is to be 50 Q.

39.3.3 The transients produced are to be oscillatory at 100 kHz and are to have an initial peak voltage of
6000 V. The rise time is to be less than 0.5 ps. Successive peaks of the transient are to decay to a value of
not more than 60 % of the value of the preceding peak.

39.3.4 The visible 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 |[nternally induced transients

39.41
is to be

The visible signaling device is to be energized while connected to @tated sou
interrupted for approximately 1 s at a rate of not more than 6 cycles/min for a to

rce of supply, which
al of 500 cycles.

39.5 Bignal-line transients

39.5.1
conneq
transie

39.5.2
voltagg
2400 \
level of
range
greater

39.5.3
pulses

Visible signaling devices rated at less than 30 Vac.(42.4 V DC or AC pe
ted to Signal-line circuits of control units shall{operate as intended after
nts induced into the visible signaling device.

For this test, each circuit is to be subjected to five different transient wavg
levels in the range of 100 to 2400 V, as delivered into a 200 Q load. A tra
shall have a pulse rise time of 100 M/us, a pulse duration of approximately 8(
approximately 1.2 J. Other applied{ransients shall have peak voltages represe
bf 100 to 2400 V, with pulse durations from 80 to 110 s, and energy levels ng
than 1.2 J.

The visible signaling.device is to be subjected to 60 transient pulses inducs
per minute as follows:

a) Twenty pulses)(two at each transient voltage level specified in 39.5.2) betwe|

polarity (total of 40 pulses); and

ak) intended to be
being subjected to

forms having peak
nsient waveform at
Js, and an energy
ntative of the entire
t less than 0.3 J or

d at the rate of six

en each circuit lead

or terminal.and earth ground, consisting of ten pulses of one polarity, and {en of the opposite

b) Twenty pulses (two at each transient voltage level specified in 39.5.2) betw

een any two circuit

leads or terminals consisting of ten pulses of one polarity and ten of the oppositef polarity.

39.5.4 Following the test specified above, the visible signaling device is to be subjected to the test
specified in Section 20, Measurement of Effective Luminous Intensity (Light Output) or 20.3, Black Box
Test Procedure for Public Mode Signaling. The light output of the visible signal device shall not be reduced
from the light output rating determined above in the tests of Section 20 or 20.3.

40 Evaluation of Conformal Coatings on Printed Wiring Boards

40.1 Evaluation of conformal coatings shall be in compliance with UL 746E, and/or CSA C22.2 No. 0.17,
and the combination of the conformal coating and the printed wiring board shall be investigated for
flammability 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 inch) thick.
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40.2 Three samples of the printed wiring board without electrical components installed, and coated with
the conformal coating, shall be subjected to Section 23, Dielectric Voltage-Withstand.

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

breakdown.
41 Locked Rotor Test

411

General

41.1.1 est-shatt-be—applte THy—te d
thermal or impedance protection complying with the
withoyt the necessity of further tests:

standards referenced below,is ‘¢

v

a) In Canada only: CSA C22.2 No. 77,
b) In the United States only: UL 1004-1, UL 1004-2, or UL 1004-3.

41.1.2
or oth
remoy|
be cor
30 Ati

The rotor of the motor is to be locked in a stationary position. The motor is to b
er relatively effective thermal insulating material. Blades or other motor attz
ed from the motor, but integral mounting brackets aré to'be left in place. The fra
nected to ground by means of a solid conductor (that is, with no fuse in the grot
me-delay fuse is to be connected in each ungrounded conductor of the supply ¢

41.1.3| At the conclusion of the first 72 h ofxthe Locked Rotor Test, the motor sh
requir¢gments of Section 23, Dielectric Voltage=Withstand.

41.1.4] At the conclusion of the 15-daystest, a potential of twice the marked rated vo
to be applied between the windings and the frame to determine whether or not the v
groundled.

41.1.5
circuit
conne
conne

During the test, a motor in an appliance having a nominal rating of 115 V is t
having a voltage-of\120 V, and a motor in an appliance having a nominal rati

cted to a circlit having a voltage of 100 — 105 % of the voltage rating of the moto

41.1.6
tobe t

To determine if a motor complies with the requirements in this section, temps
bken as follows:

motor provided with
bnsidered to comply

e mounted on wood
chments are to be
me of the motor is to
nding conductor). A
brd.

all comply with the

tage of the motor is
vinding has become

D be connected to a
ng of 230 V is to be

cted to a circuit ;having a voltage of 240 V. A motor having any other voltage rating is to be

.

brature readings are

—a) For @ totally enctosed motor — & Motor WhoSe Outer metat enciosure

temperature is to be measured by means of a thermocouple on the enclosure;

is complete — the

b) 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

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

resistance method.
41.2 Thermal or overcurrent protection

41.2.1
exceed the temperature limits specified in Table 41.1.

When the rotor of the motor is locked, the maximum temperature on a motor winding shall not
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Maximum Temperatures — Locked Rotor Te;%lzzlfaﬂl:; Test for Motor with Thermal or Overcurrent
Protection
Protector type Motor insulation class
A E B F H N R

°C (| (A[°c (A|°C (AH|°C (A|°C (AH|°C (A
1. Automatically
reset:
a)During 1sthour?| 200 (392) | 215 (419) | 225 (437)| 250 (482) | 275 (527)| 295 (563) | 315 (599)
b) After 1sthoura) | 175 (347) | 190 (374) | 200 (392) | 225 (437) | 250 (482) | 270 (518) | 290 (554)
c) Average™ 50302y T 165302y T 1T75 (A7) 200392y 1225 (#3771 2487 (473) | 265 (509)
2. Manyally reset, 200 (392) | 215 (419) | 225 (437)| 250 (482) | 275 (527) | (295'| (563) | 315 (599)
single operation,
Self-holfling;
3. Thermal cutoff:
a) During 1sthour | 200 (392) | 215 (419) | 225 (437) | 250 (482) | 275, (527) | 295 | (563) | 315 (599)
b) Aftgr 1st hour 150 (302) | 165 (302) | 175 (347)| 200 (392) \225 (437) | 245| (473) | 265 (509)
) The tepnperatures are to be recorded for:

a) The

b) The
Stabilizg
of each
) The a
of these
temperd

second hour of operation or until the temperatures stabilize, whicheyer is longer; and
seventy-second hour of the test.

bd temperatures are obtained when the maximum temperatures readings of three successive cycles
other and are not showing a successive increase or a sucgessive decrease in temperature.

erage temperature referenced in Table 22.1 is to be determined for both the second and seventy-se
periods, the average temperature is to be determined.by taking the arithmetic mean of the trip temp
ture. The temperatures of the hottest thermocouple are to be used.

are within 2 °C (3.6 °F)

icond hours. For each
prature and reset

41.2.2
onam
being 1
test is
will lim
source

41.2.3
with thq
- 110
(includ
circuit

Temperatures are to be measured by thermocouples on the surface of coils of
anually reset protective device.is to be continued for four operations of the dev
eset as quickly as possible.after it has opened. For an automatically reset devi
0 be continued for 72 h'unless the signaling device includes another control (s
t the duration of the gperation to a shorter interval. During the test, the motor is t
of supply as specified in Table 19.1.

An automatic-reset thermal protector of a motor shall perform as intended whe
e rotor of the-motor locked, and with the motor connected to a supply circuit hav

the motor. The test
ice, with the device
ce, the locked-rotor
Lich as a timer) that
b be connected to a

n operated for 15 d
ng a voltage of 100

% of the’/rated voltage of the motor. There shall not be any permanent da
ng-exeessive deterioration of the insulation). Reset thermal protector that per

briop to the end of 15 d is not required to be tested for the full 15 d test period.

mage to the motor

rlnanently opens the

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


https://ulnorm.com/api/?name=UL 1638 2023.pdf

APRIL 27,2023 CAN/ULC 526:2023 ¢+ ANSI/UL 1638 87

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.

41.3 Impedance protection

41.3.1 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

¢) The supply-circuit fuses shall not open.

Exception: The test is not required to be continued longer than necessary.for the windfngs 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).

Table 41.2
Mpximum Temperatures — Locked Rotor Temperature Test for Impedance Protected Motors

Motor insulation system Maximum temperature
°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
produg¢ing’an alarm signal for at least 5 min at the battery voltage at which a troubl¢ signal is obtained,
followed by a minimum of 7 days of trouble signal indication.

42.1.2 To determine compliance with 42.1.1, two samples of a natification appliance shall be equipped
with batteries that have been depleted and stabilized at a level just at the trouble signal level. The samples
are then to be placed in alarm and the light output monitored and measured every minute and the light
output shall not have decrease beyond the limits specified in Section 20, Measurement of Effective
Luminous Intensity (Light Output). At the end of the 5 minutes of alarm, the alarm shall be reset and the
samples monitored for the presence of a trouble signal for a minimum of seven days.

42.1.3 ltis possible to deplete a fresh battery by applying a 1 % or smaller loading factor based on the
ampere hour rating of the battery. For example, to deplete a 1000 milliampere-hour rated battery, allow a
10 milliampere (1 % load) or less drain, continuously, until the battery voltage reaches the predetermined
test level. It is permitted to add an electronic load set for a constant voltage to be applied to the battery
should the battery voltage creep up above the trouble level detection after the removal of the 1 % load.
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