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INTRODUCTION

1 Scope

1.1 These requirements cover electrically operated single and multiple station carbon monoxide (CO)

alarms intended for protection in ordinary indoor locations and unconditioned areas, per applicable
governing laws, codes, and standards. This includes, but is not limited to, recreational vehicles, mobile
homes, commercial vehicles, and recreational boats with enclosed accommodation spaces and cockpit

areas.

1.2 Carbon monoxide alarms covered by these requirements are intended to respond to the presence of

carbon monexide—from-sources—such as, but not limited fn’ exhaust from internal.combu

abnormal op
alarm at carl
monoxide ex

1.3 Carbon
term, low-le
exposures, p
fireplaces. S

1.4 These
or are intend

1.5 This stg

a) Sin
UL 21

eration of fuel-fired appliances, and fireplaces. Carbon monoxide alarms, ar
on monoxide levels below those that cause a loss of ability to react to the"danhd
posure. See Table 41.1, Part A, Alarm — carbon monoxide concentration‘and res

monoxide alarms covered by this standard are not intended to afarm when exy
el carbon monoxide exposures or slightly higher short-term transient carb
ossibly caused by air pollution and/or properly installed/maintained fuel-fired a
be Table 41.1, Part B, False alarm resistance specifications:

equirements, where applicable, also cover all remote/accessories that may be
bd to be employed with a single or multiple statiof.carbon monoxide alarm. See |

ndard does not cover the following:

gle and multiple station smoke alarmstthat are covered by the Standard for S
7, or the Standard for Smoke Alarms,-ULC-S531.

b) Smoke alarms of the nonself-contained type that are intended for connection to a

indus|
Alarm

c) Mg
Stang
Actud

d) He
Prote
ULC-

rial system control unit. Thése are included in the Standard for Smoke Detg
Systems, UL 268/ULC 529.

chanically operated.single and multiple station fire alarm devices that are sp
ard for Smoke Detectors for Fire Alarm Systems, UL 539 / ULC 589, or the Star
ted Fire Detectors for Fire Alarm Systems, ULC-S530.

at alarms{whose requirements are covered in the Standard for Heat Dete
ctive Signaling Systems, UL 521, or the Standard for Lined Building Protectig
b 30N,

tion engines,
b intended to
ers of carbon
ponse time.

osed to long-
on monoxide
bpliances and

connected to
37.2.1.

moke Alarms,

household or
ctors for Fire

ecified in the
dard for Heat

ctors for Fire
n Fire Hose,

e) Carbon monoxide gas deteciors intended for use in hazardous Tocations as defined in the U.S.
Coast Guard Electrical Engineering Regulations.

2 Components

2.1

Except as indicated in 2.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Annex C for a list of standards covering components generally used
in the products covered by this standard.

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

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or
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b) Is superseded by a requirement in this standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

2.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

3 Units of Measurement

N

3.1
approximate

Values sgtatee
nformation.

explanatory or

4 Undated References

4.1 Any ung dard shall be

interpreted as

ated reference to a code or standard appearing in the requirements of this stan
referring to the latest edition of that code or standard.

5 Glossary
5.1

For the purpose of this standard the following definitions apply.

5.2 ALARM
more other al

5.3 ALARM
30 ppm carbd
alarm signal
the initial 4 n
percent. This
manually sile

54 ALARM
mechanical G
constructed t
by means of
devices have

MULTIPLE STATION — A single station alarm*that is able to be interconnecte
Arms for common alarm annunciation.

SIGNAL — An audible and visual signal intended to indicate a gas concentratior
n monoxide for thirty days or 70 ppm carbon monoxide for 1 hour. The audible
shall be 4 cycles of 100 millisecends "on"/100 milliseconds "off," then 5 secon
ninutes of the alarm signal,(the 5 second "off" period may be changed to 60
signal shall be repeated until the alarm resets after dissipation of CO or the al
nced. The visual indicator for alarm shall be located on the face of the unit.

SINGLE STATION — An alarm device consisting of an assembly of e
omponents including a sensor or sensors, an audible alarm, and an optional
b detect the presence of carbon monoxide gas. It is powered either from an ex

H with one or

in excess of
bortion of the
is "off." After
seconds+10
arm signal is

ectrical and
visual alarm
ernal source

splice Iéads or a cord and plug arrangement or from an integral battery or batteries. Some

terminals for connection to remote audible signaling appliances or accessorie

5. Some also

contain an integraltransmitter for energizing a remote audible signaling appliance.

5.5 BATTERY TROUBLE LEVEL SIGNAL — Any combination of battery voltage and series resistance
that results in an audible trouble signal from a battery-operated alarm.

5.6 CARBON MONOXIDE (CO) — A colorless, odorless, toxic gas.

5.7 CARBOXYHEMOGLOBIN OR CARBONMONOXYHEMOGLOBIN (COHb) — A stable combination of
carbon monoxide and hemoglobin formed in the blood when carbon monoxide is inhaled. Percent
carboxyhemoglobin indicates the degree to which the oxygen-carrying capacity of the blood is impeded by
the uptake of carbon monoxide by the hemoglobin.

5.8 COMMERCIAL VEHICLES — US GVWR (Gross Vehicle Weight Rating) Class 6 — 8 as defined by the
United States Code (U.S.C.) Title 49 — Transportation Subtitle VI — Motor Vehicle And Driver Programs,
Part B — Commercial.
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5.9 COMPONENT, LIMITED LIFE — A component that provides a minimum of one year of service but is
expected to periodically fail and be replaced and that is supervised for failure that affects normal operation
or sensitivity. Typical examples of such components include incandescent lamps, electronic tube heaters,
functional heating elements, and batteries. See also 40.4.1.

5.10 COMPONENT, RELIABLE — A component that is not expected to fail or be periodically replaced
and is not supervised. A reliable component shall have a predicted failure rated of 2.5 or less failures per
million hours.

5.11 DRIP-PROOF — A product that is constructed, or so protected, so that falling drops of liquid or solid
particle striking the enclosure, from 0 — 15° downward from the vertical, do not interfere with the intended
operation of the equipment

5.12 DWELULING UNIT — That structure, area, room, or combination of rooms incwhich a family (or
individual) lijes. This is intended to cover the living area only and not common usage|areas|in multifamily
buildings sugh as corridors, lobbies, and basements.

5.13 END-OF-LIFE SIGNAL — An audible signal, differing from the alarm_signal, intended t¢ indicate that
the device has reached the end of its useful life and should be replaced.

5.14 LONQE-TERM, LOW-LEVEL CARBON MONOXIDE EXPOSURES - Situations resulting in a carbon
monoxide copcentration not exceeding 30 ppm for less than 30 days.

5.15 PPM + Gas concentration in parts per million.

5.16 PRE-ALARM — An optional audible or audible-visual signal above 30 ppm of CO, unique from the
trouble and glarm signal, intended to provide an early notification of the detection of carbon monoxide prior
to an alarm signal. When the pre-alarm signal -occurs, the carbon monoxide alarm emits the unique pre-
alarm signal gt the indicating carbon monoxidejalarm and may also send the pre-alarm signa| to a wireless
communicatipn remote accessory device. The pre-alarm signal is an optional signal that when
implemented does not prohibit the normal’ operation of the carbon monoxide alarm. When rapid levels of
carbon mongxide are detected, the alarm signal takes precedence over the pre-alarm signal.

5.17 QUAUFIED APPLIANCE) TECHNICIAN — A person, firm, corporation, or company [that either in
person, or thfough a representative, is engaged in and responsible for the installation, testing, servicing, or
replacement|of heating,sventilation, and air-conditioning (HVAC) equipment, combustion appliances and
equipment, gnd/or gasfireplaces or other decorative combustion equipment.

5.18 SELF{CONTAINED UNIT — An alarm containing an internal battery or batteries.

5.19 SENSITIVITY — The gas concentration versus time at or above which the alarm must initiate or
remain in alarm.

5.20 SENSOR — The component or combination of components of the alarm that responds to and in turn
provides a usable output signal in the presence of carbon monoxide.

5.21 SHORT-TERM CARBON MONOXIDE EXPOSURE - Situations resulting in a carbon monoxide
concentration not exceeding 70 ppm for less than 60 minutes.

5.22 SPECIFIED LIFETIME — A continuous period of time specified by the manufacturer, during which
the alarm meets the requirements of this standard. The manufacturer will specify the start date of the
period as either the date of manufacturer of the fully assembled unit in its final enclosure, or the date the
unit is placed into service.
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5.23 SWITCHING DEVICE - A device designed to close and/or open one or more electrical circuits.

5.24 TROUBLE SIGNAL — A visual or audible signal, differing from the alarm signal, intended to indicate
a fault or trouble condition, such as an open or shorted condition of a component in the device, an open or
ground in the connecting wiring, loss of AC power, or the need for replacement of a limited life component.
In a product that includes more than one limited life component, other than the battery, the trouble signal
shall be identified by both an audible and visual signal. The audible portion of the trouble signal shall be a
single tone pattern consisting of a short "beep" of not more than 0.5 second repeating once every 30 — 60
seconds +10 percent. This signal shall be repeated until the trouble condition is corrected.

5.25 UNCONDITIONED AREAS - Enclosed spaces without continuous climate controls where an

individual spﬁmwwwgmmwmmmﬂamples of
unconditioned areas that may include combustible fuel appliances and/or fireplaces include

httached and
detached garfaiges, crawl spaces, attics, cottages, cabins, etc.)

5.26 WARNING SIGNAL - Except for alarm and trouble signals, no other audibleyand visua
be used (i.e. varning signals that indicate the presence of CO less than 30 ppm):

signals shall

5.27 WATE
any condition

RTIGHT — A product that is constructed to prevent water from) entering the endlosure under

other than submersion.

6 Alarm Rejiability Prediction

6.1 Alarm ynits shall be constructed to a maximum failure rate of 4.0 failures per million hours as

calculated by
or 3.5 failures
in Section 3.
used for all ¢
the projected

6.2 Any cor
failure rate c3

a full part stress analysis prediction as descfibed in Section 2.0 of the Military St
per million hours as calculated by a simplified parts count reliability prediction
of the Military Standard 217B, or equivalent. A "Ground Fixed" (GF) environ

blculations. If actual equivalent data,is available from the manufacturer, it is us

data for the purpose of determining acceptable reliability.

nponent whose failure results in any of the following is not required to be in
Iculations:

a) Engrgization of either~an audible trouble signal or energization of a separate vis

(orang
b) De-

c) Dosg

e or yellow),
energization of a power-on light,

s notsaffect the normal operation, or

andard 217F
as described
ent is to be
ble in lieu of

tluded in the

hal indication

d) Is

pvaluated by specific performance tests included in this standard. Examples

include the

sensor, audible signal appliance, test switch, and battery contacts.

6.3 An integral or remote accessory, such as an integral transmitter or remote sounding appliance, is not
required to be included in the reliability prediction except for those components whose failure affects the
normal operation of the alarm.

6.4 A custom integrated circuit (CHIP) employed in an alarm shall have a predicted failure rate of not
greater than 2.5 failures per million hours. The failure rate is to be determined through an evaluation of
data in a 3000-hour burn-in test, or equivalent. (See Annex A for information on evaluation methods.)

6.5 The carbon monoxide sensor, or a sensing component supervision system, of a CO alarming device
shall be either be reliable as required by 6.6 or supervised as required by 6.7.
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6.6

If the CO sensor is to be considered reliable, reliability data shall be developed using the Military

Standardization Handbook, MIL.217-F or equivalent. The data must indicate a failure rate of not more than
2.5 failures per million hours of operation.

6.7

If the CO sensor is to be considered supervised, failure modes with a likelihood of more than 2.5

failures per million hours of operation, including, but not limited to shorts, opens, and uncompensated
sensitivity drift outside of the limits of Table 41.1, must result in a trouble signal as required in Section 40.

6.8 Documentation of the sensor failure modes shall be provided.

6.9 Documentation of the failure modes shall include a description of each failure mode and the

circumstanc

6.10 The
concentrati
components
Electrical Su

7 BatteryH

7.1 Remov
apparent ang

a)A Vv
b) A H

c) A
battel

d) An
battel

e) An

f)Alg

7.2 Deactiv

result in a readily apparent and prominent indication. The indication shall consist of one of the

a)A Vv

of

s underwhich it mav occur
J

anufacturer shall submit a test method to render the CO sensor unresponsi
s given in Table 41.1 if the documentation submitted for the sensor or
indicates drift in the less sensitive direction. This method shall be used when ¢
bervision Test, Section 40.

Removal Indicator

bl of a battery from a battery-operated carbon menoéxide alarm shall resul
prominent visual indication. The visual indication shall consist of:

arning flag that will be exposed with the battefy~removed and the cover closed,

inged cover that cannot be closed with the battery removed,

ve to the CO
the sensing
pnducting the

in a readily

swing-out or pull-out battery compartment that is resistant to being closed unless it has a

y in place,

audible or audible and tactilettrouble signal on an AC powered carbon monoxi
y back-up,

arrangement to render the unit resistant to reinstallation, or

cal audible, local atdible and tactile, or local visual indication at the control pang

ation of the-battery of a carbon monoxide alarm that uses a non-replaceable

arning flag that will be exposed with the battery removed and the cover closed;

de alarm with

battery shall
following:

b) A hinged cover that cannot be closed with the battery removed;

c) A swing-out or pull-out battery compartment that is resistant to being closed unless it has a
battery in place;

d) An audible or audible and tactile trouble signal on an AC powered carbon monoxide alarm with
battery back-up;

e) An

arrangement to render the unit resistant to reinstallation; or

f) A local audible, local audible and tactile, or local visual indication at the control panel.

7.3

marked as required in 89.7.

If a warning flag, or equivalent, is employed to comply with the requirement of 7.1 or 7.2, it shall be
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8 Alarm Reset/Silence Feature

8.1 Each single and multiple station carbon monoxide alarm shall be designed to be reset/silenced
through a manual operation (on the alarm) by physically depressing the alarm reset/silence feature. The
operation of the reset/silence feature shall silence the alarm signal and restore the alarm to its normal
condition resulting in the alarm once again being able to sense carbon monoxide and alarm within the
limits of the Sensitivity Test, Section 41. The alarm signal shall be reenergized within 6 minutes from the
time the reset button is operated if the concentration of carbon monoxide surrounding the alarm remains at
70 ppm or greater.

8.2 When single station carbon monoxide alarms are configured in a multiple station connection
(interconnection of two or more carbon monoxide alarms), the carbon monoxide alarm that initiates an
alarm signal $hall be designed to be reset/silenced through a manual operation by physically depressing
the alarm resgt/silence feature on the initiating alarm.

nal wireless

8.3 As an |optional feature, the manufacturer is permitted to include an* additio

communicatiq
requirements
through a re

instructions f:r:r the user to confirm his physical proximity to the initiating carbon monoxide

resetting/siler

8.4 A multiple-station interconnected carbon monoxide alarm that produces an alarm

wireless, rela

a) By
mono
alarm;

b) By
alarm

c¢) By activating the wireless communication remote reset/silencing feature using a ren

8.5 Upon a
reactivation d
station intercq

8.6 Carbon
alarm reset/s

n remote reset/silencing feature. If included, and tested fon complian
outlined in 8.6, the wireless communication remote reset/silence’feature may
ote device. The wireless communication feature shall be.capable of providi

cing the alarm signal using the remote device.

q

J

, audible and audible-visual) shall be permitted.te'be reset/silenced by any of th

activating the alarm reset/silence featuré~on any multiple station interconn
ide alarm, provided the carbon monoxide alarm that initiated the alarm sign
or

physically depressing the alarm’ reset/silence feature on the initiating carb
s), as noted in 8.1; or

tivation of an alarm'signal from a carbon monoxide alarm in the multiple-stat
f the alarm signal from the originating carbon monoxide alarm, all alarms in
nnect shall«rerinitiate their alarm signal.

monoxide alarms with a wireless communication remote device and employ
enge feature shall be tested in accordance with one of the following requiremen

ce with the
be activated
ng additional
alarm before

ignal (wired,
b following:

cted carbon
| remains in

bn monoxide

ote device.

on circuit, or
the multiple-

ng a remote
Is:

a) The remote transmission radio of the carbon monoxide alarm shall comply with FCC Part 15.249
and the following frequency and field strength requirements:

or

1) Frequency range
i) 2.4 GHz (2.4 GHz — 2.4835 GHz)
ii) 900 MHz (902 — 928 MHz)
iii) 5.8 GHz (5725 — 5875 MHz)

2) Field strength

) 94 dBuV/m @ 3 m
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b) The remote transmission radio of the carbon monoxide alarm shall comply with FCC Part 15.247
and the following frequency and field strength requirements:

1) Frequency range
i) 2.4 GHz (2.4 GHz — 2.4835 GHz)
ii) 900 MHz (902 — 928 MHz)
iii) 5.8 GHz (5725 — 5875 MHz)

2) Field strength

or

c) Th
comp
of the

9 Voltage (

9.1 Unless

a) Ex
volts
or a
comb

1) 30 dBm (1 W) (using antennas with directional gains < 6 dB)

carbon monoxide alarm does not exceed 984 feet (300 m).

Classification

ircuit of not more than 30 volts DC supplied by a primary battery; or a circuit

requitements of a Class 2 transformer. A ¢ircuit that is derived from a supply circuit of

volts
voltag

b) Ha
voltag

10 Lifetime¢

10.1 Theu
manufacture
in-service re

by connecting resistance or impedance, or both, in series with the supply circ
e and current, is not considered'to be an extra-low-voltage circuit.

zardous-Voltage Circuit~ A'circuit having characteristics in excess of those of
e circuit.

hit (including*the sensor) shall have a specified lifetime of at least 3 years fro

date that t

he¢-unit’ is placed into service, this specification shall be substantiated with t
documentin&hmmmmmmnﬁwmmmm

iability, measurement, see 84.2.2(a). If the manufacturer bases the specified |

e manufacturer shall provide a defined test procedure, test frequency and fie
iance with FCC regulations that demonstrate the open field (linecof.sight) transmission range

otherwise indicated, all voltage and current values<€ontained in this standard are

ra-Low-Voltage Circuit — A circuit that has an‘AC voltage of not more than 30
beak) and maximum power of 100 volt-amperes, such as supplied by a Class 1

nation of a transformer and fixed impedance, that as a unit, complies with all theg

Id strength in

rms.

olts AC (42.4
P transformer;
supplied by a
performance
more than 30
Lit to limit the

an extra-low-

m the date of

or from_the date the unit is placed into service. The unit reliability shall be estimated with an

fetime on the
bchnical data
into service if

the unit is placed into service within 18 months after manufacture. The selection of which basis is
employed to define the beginning of specified lifetime may be contingent upon the technology of the
sensor used in the unit.

CONSTRUCTION

11 General

11.1 Accessories

11.1.1

apply also for any remote accessories with which it is to be employed.

Unless specifically indicated otherwise, the construction requirements specified for an alarm shall
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11.2 Sensitivity adjustment

11.2.1 A field sensitivity adjustment, if provided, shall be accessible with the alarm installed as intended,
marked to indicate the direction of sensitivity (high or low), and shall employ a mechanical stop at both
extremes. Removal of a snap-on cover to gain access to the sensitivity control is allowable, if no
hazardous voltage parts are able to be contacted by the user. Adjustment extremes shall not exceed the

values given i

n Table 41.1.

11.3 Supplementary signaling feature

11.3.1

alarm applicati

12 Service

12.1 Gener

12.1.1 An

guarded, or ¢nclosed so as to reduce the risk of unintentional ,eontact by persons perfor

functions with

12.1.2 An €
maintenance
and with resp
an electric sh

12.1.3 Thel

a) Coi
insula

b) Terminals and splices with insulation rated for the intended application, and

c) Insy
12.2 Sharp
1221 Ane

and Maintenance Protection

Al

ninsulated live part of a hazardous-voltage circuit within) the enclosure shal
the equipment energized.

ectrical component which may require examination, replacement, adjustment,
with the alarm energized shall be located~and mounted with respect to other
ect to grounded metal so that it is accessible for such service without subjectin
bck from adjacent uninsulated hazardous-voltage live parts.

ollowing are not considered to be-uninsulated live parts:

s of relays, solenoids, and:\transformer windings, if the coils and windings are
ing overwraps,

lated wire.
edges

Hge) projection or corner of an enclosure, opening, frame, guard, knob, handle,

A supplementary S|gnaI|ng feature, such as a transmltter for remote S|gnaI|ng, included integral
W|th a single ermu 2 d

with which it
bn monoxide

be located,
ming service

servicing, or
components
g the user to

brovided with

or the like, of

a carbon monoxide alarm shall be smooth and rounded, so as not to cause a cut-type injury when
contacted during use or user maintenance.

13 Enclosure

131

13.1.1

General

The enclosure of an alarm shall be constructed to resist the abuses encountered in service. The

degree of resistance to abuse inherent in the alarm shall preclude total or partial collapse with the
attendant reduction of spacings, loosening or displacement of parts, and other defects that, alone or in
combination, results in a risk of fire, electrical shock, or injury to persons.

13.1.2 Enclosures for individual electrical components, outer enclosures, and combinations of the two
are to be considered in determining compliance with the requirement of 13.1.1.
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13.1.3 All electrical parts of an alarm, including a separate power supply, except for plug-in blades, shall
be enclosed to provide protection against contact with uninsulated live parts. A separate enclosure for
field-wiring terminals that will be enclosed by a junction box is not required.

13.1.4 There shall not be rear openings in a carbon monoxide alarm which are permeable to debris or air
currents that affect alarm response.

13.1.5 There shall not be openings between the mounting surface to which an alarm is intended to be
installed and the rear of the alarm which are permeable to air that affects alarm response.

13.1.6 To comply with 13.1.4 and 13.1.5, one of the following methods, or method determined to be

hall be Lised:

equivalent, s

a) An
the al

b) Ins
apply

13.1.7 The
fittings, such
The mountin
removal of a
of an operati

13.1.8
either have
have provisig

1319 Am
type and lod
vibration and

13.1.10 Am
intended for

a) Me

b) Re

elastomeric rubber or neoprene gasket, or the equivalent, may be placed betwg
arm and the mounting surface to seal the rear openings or

tructions in the installation manual may be provided to describe the location and
ng a sealing compound that has been determined to be acceptable-for the inten

enclosure of an alarm shall be provided with means for mounting in the intended
as brackets, hangers, or the like, necessary for mounting’shall be furnished W
g means shall be accessible without disassembling“any operating part of th
completely assembled panel or cover to mount thexalarm is not considered to be
hg part.

If the unit is intended for permanent connection in a hazardous voltage circuit, the e

en the rear of

method(s) of
Hed use.

manner. Any
ith the alarm.
e alarm. The
disassembly

hclosure shall

provision for the connection of metal-clad cable, conduit, or nonmetallic sheathed cable, or

n for mounting on an outlet box.

bunting bracket, or other means provided to secure a detector system to a boat
ated so the installation maintains a fixed relationship to the boat when sub
shock loads of marine seryice. See 81.2.7 — 81.2.15.

ong the factors taken into consideration when a frame or enclosure for a de
h boat is judged-are’

chanical strength;
sistanceto impact;

sture-absorptive properties;

¢) Mo

| shall be of a
jected to the

ector system

d) Combustibility;

e) Resistance to ignition from electrical sources;

f) Resistance to corrosion; and

g) Resistance to distortion at temperatures to which the enclosure is subjected under conditions of
normal or abnormal use.

13.1.11

subjected to the humidity conditioning specified in 81.2.16 and 81.2.17.

Materials which are to be exposed to moist environments shall not be adversely affected when
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13.2 Cast metal enclosures

13.2.1

The thickness of cast metal for an enclosure shall be as indicated in Table 13.1. Cast metal

having a thickness 1/32 inch (0.8 mm) less than that indicated in Table 13.1 shall be employed only if the
surface under consideration is curved, ribbed, or otherwise reinforced, or if the shape and/or size of the
surface is such that equivalent mechanical strength is provided.

Table 13.1
Cast Metal Enclosures
Minimum thickness
Cast metal of dther than the
Die-cast metal, die-cdst type,

Use| or dimensions of area involved inch (mm) inch (mm)
Area of 24 squdre inches (155 cm?) or less and having no 1162 (1.6) 1/8 (3.2)
dimension greafter than 6 inches (152 mm)
Area greater thin 24 square inches (155 cm?) or having any 3/32 (2.4) 1/8 (3.2)
dimension greater than 6 inches (152 mm)
At a threaded cpnduit hole 1/4 (6:4) 1/4 (6.4)
At an unthreadgd conduit hole 1/8 (3.2) 1/8 (3.2)

@ The area limit;
alarger area.

htion for metal 1/16 inch (1.6 mm) in thickness is able to be obtaifiedby the provision of reinforcing ri

bs subdividing

13.2.2 If thr
there shall ng
such that a st

13.2.3 If thi
enclosure wa
rounded inlet
provided by a

13.3 Sheet

13.3.1 The
indicated in T

or if the shapg¢ or size-of the surface is such that equivalent mechanical strength is provided.

pads for the connection of conduit are tapped-all the way through a hole in an er
t be less than 3-1/2 nor more than five, threads in the metal, and the construg
hndard conduit bushing is able to be attached.

eads for the connection of conduit are tapped only part of the way through
I, there shall not be less than-3-1/2 full threads in the metal, and there shall
hole for the conductors-which shall afford protection to the conductors equi
standard conduit bushing?

metal enclosures

hickness of‘sheet metal employed for the enclosure of an alarm shall not be |
able 13(2\unless the surface under consideration is curved, ribbed, or otherwis

closure wall,
tion shall be

a hole in an
be a smooth,
alent to that

pss than that
e reinforced,

Table 13.2
Sheet Metal Enclosures
Minimum thickness of sheet metal
Maximum dimensions of enclosure Steel

Length or width Area Zinc-coated Uncoated Brass or aluminum
inches (mm) inches? (cm?) inch (mm) inch (mm) inch (mm)

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

24 (610) 360 (2322) 0.045 (1.14) 0.042 (1.07) 0.058 (1.47)

48 (1219) 1200 (7742) 0.056 (1.42) 0.053 (1.35) 0.075 (1.91)

60 (1524) 1500 (9678) 0.070 (1.78) 0.067 (1.70) 0.095 (2.41)
Over60  (Over1524) | Over1500  (Over9678) | 0.097 (2.46) 0.093 (2.36) 0.122 (3.10)
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13.3.2 At any point where conduit or metal-clad cable is to be attached, sheet metal shall have a
thickness of not less than 0.032 inch (0.81 mm) if of uncoated steel, not less than 0.034 inch (0.86 mm) if
of galvanized steel, and not less than 0.045 inch (1.14 mm) if of nonferrous metal.

13.3.3 A ferrous plate or plug closure for an unused conduit opening or other hole in the enclosure shall
have a thickness not less than 0.027 or 0.032-inch (0.69 or 0.81-mm) nonferrous metal for a hole having a
1-3/8 inch (34.9 mm) diameter maximum dimension.

13.3.4 A closure for a hole larger than 1-3/8 inch (34.9 mm) diameter shall have a thickness equal to that
required for the enclosure of the device or a standard knockout seal shall be used.

13.3.5 A knockout-in-a-sheet-metal enclosure-shall be-secured-but-shall be r\apghln of hling removed
without unduge deformation of the enclosure.

13.3.6 A knockout shall be provided with a surrounding surface for seating of a conduit|bushing, and
shall be so Ipcated that installation of a bushing at any knockout used during installation will not result in
spacings between uninsulated live parts and the bushing of less than those indicated in Spag¢ings, Section
36.

13.4 Nonnetallic enclosures

13.4.1 An gnclosure or parts of an enclosure of nonmetallic mjaterial shall have the mechahical strength
and durability and be so formed that operating parts are protected against damage. The mechanical
strength of the enclosure shall be at least equivalent to a sheét metal enclosure of the minimum thickness
specified in Tlable 13.2. See also the Tests of Thermoplastic Materials, Section 68.

13.4.2 The|continuity of any grounding system to-which an alarm is able to be connected sHall not rely on
the dimensiopal integrity of the nonmetallic material.

13.4.3 Polymeric material used for an enaclosure shall comply with the following requirements:

a) Enclosure containing parts-presenting risk of fire — Minimum flammability rating of V-0, and
complies with the performance requirements of the Flammability — 5 Inch Flame Test in the
Standard for Polymeric'Materials — Use in Electrical Equipment Evaluations, UL 746C

b) Englosures containing Class 2 and Class 3 circuits with a voltage not exceeding 30 V AC, 42.4
V-pedk, or 60 A-DC — Minimum flammability rating of HB, and complies with the| performance
requitements, of the Flammability — 3/4 Inch Flame Test in the Standard for Polymerjc Materials —
Use in Electrical Equipment Evaluations, UL 746C.

1 s nioiaaa HYP-URTE P -O-C P TP~ I “CWIl "= T PN WU 128 narcn—lieaitad -+ 4L et H Y
C) EnuIUOuIUO \JUIILGIIIIIIE’ CiTvunoe puvweoTtTu Lly VATl o willt Ol IUIy‘y mirnmcu U 19 vwdadtl S - Mlnlmum

flammability rating of HB.
13.5 Ventilating openings

13.5.1 Ventilating openings in an enclosure for hazardous-voltage circuits including perforated holes,
louvers, and openings protected by means of wire screening, expanded metal, or perforated covers, shall
be of such size or shape that no opening permits passage of a rod having a diameter of 9/64 inch (3.6
mm). An enclosure for a fuse(s) or other overload protective device provided with ventilating openings
shall afford protection against the emission of flame or molten metal. Openings provided to permit
cleaning, or openings that are used to clean internal parts, shall be constructed to reduce the risk of
damage to functional internal components during such cleaning operations.
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13.5.2 Except as noted in 13.5.3, perforated sheet metal employed for expanded metal mesh shall not
be less than 0.042 inch (1.07 mm) in average thickness, 0.046 inch (1.17 mm) if zinc coated.

13.5.3 If the indentation of the guard or enclosure does not alter the clearance between uninsulated live
parts and grounded metal so as to reduce spacings below the minimum values required, 0.021 inch (0.53
mm) expanded metal mesh or perforated sheet metal, 0.024 inch (0.61 mm) if zinc coated, is able to be

employed under the following conditions:

a) The exposed mesh on any one side or surface of the product has an area of not more than 72
square inches (465 cm?) and has no dimension greater than 12 inches (305 mm?) or

b) The width of an opening so protected is not greater than 3-1/2 inches (88.9 mm).

13.5.4 The

13.6 Cover

13.6.1 Ane

a) It g
proteg

b) It is

alarm
switch
conne
replac

13.6.2 Aco
of the followir]
or two or mor

13.6.3 Ifan
is intended to
removed. Ex(

Exception: These requijrements do not apply if the alarm cover is intended to be removed

maintenance

-]

nclosure cover shall be hinged, sliding, pivoted, or similarly attached when:

rovides ready access to fuses or any other overcurrent protective device,
tive functioning of which requires renewal or

For the purpose of this requirement, intended operation is considered to be o
for testing or operation of any other component of an alarm that requires s
ction with its intended performance.  This requirement does not apply to
ement aspect of an alarm employing a;battery as the main or standby supply.

er that is intended to be removedonly for periodic maintenance shall be secure

B SCrews.

alarm cover is not intended to be removed for cleaning, maintenance, or both, g

osed screw slots)or nuts, other than a tamperproof type, shall be sealed or cove

or bath,-even though the alarm is intended to be returned to the manufacturer fq

13.6.4 A hin

ires forming a screen protecting hazardous-voltage parts shall not be smallef 1
(1.3 mm?) angl the screen openings shall not be greater than 1/2 square inch (3.2 cm?):

han 16 AWG

the intended

necessary to open the cover periodically in connection with the intended opgration of the

peration of a
ich action in
the battery

d by any one

g or equivalent means: positive snap catch, plug-in or twist action, snap tab wifh one screw,

nd the alarm

be returned to the factory for servicing, the cover shall be secured so that it canfot be readily

red.

for cleaning,
r servicing.

gnd coveris not regu ired where the nnly 1 |en(e) enclosed.is intended to rl_\rn\lidn

protection to

portions of internal circuits, such as employed on a separate printed-wiring board or circuit subassembly,
to prevent circuit damage resulting from a fault. Such fuses shall not be used unless the word "CAUTION"
and the following or equivalent marking is located on the cover of an alarm employing hazardous-voltage
circuits: "Circuit Fuse(s) Inside — Disconnect Power Prior To Servicing."

13.6.5 A hinged cover shall be provided with a latch, screw, or catch to hold it closed. An unhinged cover
shall be securely held in place by screws or a means determined to be equivalent.

13.7 Transparent panels

13.7.1 Glass covering an enclosure opening shall be held securely in place so that it cannot be displaced
in service and shall provide mechanical protection of the enclosed parts. The thickness of a glass cover
shall not be less than that indicated in Table 13.3.
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Table 13.3
Thickness of Glass Covers
Maximum size of opening
Length or width Area Minimum thickness

inches (mm) inches? (cm?) inch (mm)
4 (102) 16 (103) 1/16 (1.6)
12 (305) 144 (929) 1/8 (3.2)

Over 12 (Over 305) Over 144 (Over 929) See footnote a
@1/8 inch (3.2 mm) or more, depending upon the size, shape, and mounting of the glass panel. A glass panel for an opening

supported by g continuous groove not Iess than 3776 inch (4.8 mm) deep along all four edges of the panel.

having an area of more than 144 square inches (929 cm?), or having any dimension greater than 12 inches (305 mm), shall be

13.7.2 A transparent material other than glass employed as a cover over an opening in
shall:

a) Be|mechanically equivalent to that of glass;

b) No} distort; or

an enclosure

c) Not become less transparent at the temperature to which it is subjected under nprmal service

condifions.
13.7.3 A leps, light filter, or similar part of a carbon monexide alarm shall be constructed
whose transparency will not be diminished by the conditions to which it will be exposed
represented py the Performance Tests (see Sections 38— 75) of this standard.

14 Corrosion Protection

of a material
n service, as

14.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other

equivalent means.

14.2 The rg

other parts u
screws, and
injury to per
necessary, d

quirement of 14.1«applies to all sheet steel or cast iron enclosures, and to a

| springs and

bon which mechanical operation depends. It does not apply to minor parts, such as washers,

bolts, if the failure’ of such unprotected parts does not result in a risk of fire or elg

ctric shock or

ons or impairithe operation of the alarm. Parts made of stainless steel, polished or treated if

o not require additional protection. Bearing surfaces shall be of materials tha

t will prevent

binding due to cortasion.

14.3 Metal
cabinets or enclosures.

14.4 Hinges and other attachments shall be resistant to corrosion.

versely affect

14.5 Nonferrous cabinets and enclosures do not require special corrosion protection.

POWER SUPPLY

15 Primary Power Supply

15.1 The primary power supply of a single or multiple station carbon monoxide alarm shall be either an
electrical power source or a battery or batteries. Connection to the electrical power source, if used, shall
be in the form of permanent wiring to terminals or leads in a separate wiring compartment (see also
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13.1.8) having provision for the connection of conduit, metal-clad or nonmetallic sheathed cable, or by
means of a power-supply cord and a two or three prong attachment plug.

15.2 If a separate power supply is provided, it shall have limited output energy consisting of an open
circuit voltage not in excess of 30 volts rms, 42.4 volts peak or direct current (DC), and its output capacity
shall be limited to a maximum of 100 volt-amperes. The energy shall be limited by an energy limited
transformer having an output rating of 100 volt-amperes or less, or by a transformer plus additional
circuitry having characteristics equivalent to those of a Class 2 transformer.

16 Secondary Power Supply (Not Applicable for Commercial Vehicles)

power from

battery, shall
the standby
continuously,

5 well as the
fications. For
vided for the

investigation {o evaluate battery shelf aging and performance charagcteristics.

16.3 If a battery is employed as a secondary power supply, the marking on the unit sha(l include the

manufacturer|s specified periodic battery replacement instructions.

e monitored
whether the

16.4 The digcharge condition of a non-rechargeable or rechargeable type battery shall
where a trouljle indication, as described in 40.1.3y'is obtained. The monitoring shall take plac
alarm is operating on the primary supply or onthe standby supply.

17 Batteriep

171 General
1711 Ifa Iattery or set of-batteries is employed as the main source of power of a single or multiple
station carbon monoxide ‘alarm, it shall meet the requirements of the Battery Tests, Section 64.

s of cells will
r metal parts

17.1.2 Battd
be prevented
of the enclost

ries in¢cluded as part of an alarm shall be so located and mounted that termina

frot.coming in contact with uninsulated live parts, terminals or adjacent cells, ¢
re-as aresultof ehiﬂing

17.1.3 A battery compartment intended for use with rechargeable batteries which emit gases during
charging shall be provided with vent holes.

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

17.1.5 Connections of external wiring to a battery-operated single- or multiple-station carbon monoxide
alarm, or to a portable accessory, shall not be subjected to stress or motion during battery replacement
and/or servicing. Removal of the alarm or accessory from the mounting support to replace a battery or to
service the unit is not allowed unless the connected wiring is not subjected to flexing or stress.
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17.1.6 A carbon monoxide alarm powered by a non-replaceable battery shall be provided with a means
of activating the power prior to installation and deactivating the battery at the end of the useful battery life.
The deactivation means shall require the use of a tool, or equivalent, and shall render the unit resistant to
being reinstalled. The deactivation means shall also serve to discharge the battery(ies) completely. Both
the activation and deactivation means shall be designed to operate one time only. The installation

instructions shall provide the user with information describing this one time operation. See 91.1(u).

17.2 Battery connections

17.2.1

Lead or terminal connections to batteries shall be identified with the proper polarity (plus or minus

signs), and provided with strain relief. Indicating polarity on the unit adjacent to the battery terminals or

leads is not

rohibited

17.2.2 Con
type of clip,
battery cont
resistant to t

17.2.3 Eac

minimum of 2

]

hections to battery terminals shall be either by a lead terminating in a_positiv
br a fixed butt type connection which applies a minimum of 1.5 pounds (6:6 N)
ct, or equivalent. The connection shall consist of an unplatted or.'plated n
e corrosive action of the electrolyte.

N lead of a clip-lead assembly employed as part of a battery operated alarn

18 Supplementary Signaling Circuits

18.1 Fora
circuit which
energy limits

18.2 For a
energized s
connections
1996, orin th

cord-connected or battery operated single station alarm employing a supplemen
is energized from a separate source of supply, the source of energy shall n
defined in 74.2.1 and 74.2.2.

n alarm intended to be connected\to a fixed wiring system and employing
gnaling circuit, the source of:‘energy shall not exceed the limits in 74.2.
are made as a Class 1 wiring-system as defined in the National Electrical Co
e Canadian Electrical CodeyPart 1 (CSA C22.1).

FIELD WIRING

19 Permanent Connection

19.1 Gene

al

19.1.1 Asi

hazardous vé

gle stat|on or muIt|pIe stat|on carbon monOX|de alarm intended for permanent c

6 AWG (0.21 mm?) stranded wire with a minimum 1/64-inch-(0.4-mm) insulation|.

b snap action
force to each
etal which is

m shall be a
tary signaling
bt exceed the

a separately
1 unless the
e, NFPA 70-

bnnection to a

of conductors

of at least the size reqwred by the Natlonal Electrlcal Code, NFPA 70 1996 or the Canadlan Electrical

Code, Part 1

(CSA C22.1), corresponding to the rating of the unit.

19.2 Field-wiring compartment for hazardous voltage connection

19.2.1

The field-wiring compartment area is to be of sufficient size for completing all field-wiring

connections as specified by the installation wiring diagram. There shall be space within the compartment
to permit the use of a standard conduit bushing on conduit connected to the compartment if a bushing is
required for installation.

19.2.2 Protection for internal components and wire insulation from sharp edges shall be provided by
insulating barriers or metal barriers having smooth rounded edges.
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19.3 Field-wiring terminals

19.3.1

Terminal parts to which field connections are to be made shall consist of binding screws with

terminal plates having upturned lugs or a means determined to be equivalent to hold the wires in position.
Other terminal connections shall not be provided unless determined to be equivalent.

19.3.2

a No. 6 (3.5 mm diameter).

If a wiring-binding screw is employed at a field-wiring terminal, the screw shall not be smaller than

19.3.3 Except as noted in 19.3.4, a terminal plate tapped for a wire-binding screw shall be of metal not
less than 0.030 inch (0.76 mm) thick and shall not have less than two full threads in the metal.

19.3.4 A ter
provide two fu

19.3.5  Wirin

19.4 Field-wiring leads

19.4.1
provided with
thermoplastic

Exception No

result in damage to the insulation.

Exception No

a) The
excee

b) The

c) The
and

d) The
AWG.

19.4.2 Lead

Power supply leads provided for field connection shall not be‘less than 6 inches (1

minal plate shall have the metal extruded at the tapped hole for the binding\sg
Il threads. Other constructions shall be employed only if they provide equivalent

g terminal assemblies that are used for field connections shall be prévented fron

strain relief, and shall not be smaller than 18 AWG (0.82 mm?); and the
, shall not be less than 1/32 inch (0.8 mm) in thickness:

1: The lead may be less than 6 inches long it is evident that the use of a lon

2: Solid copper leads as small as 26AWG (0.13 mm?) may be used if:

current does not exceed 1 ampere for lengths up to 2 feet (61 cm) and the cur,
0 0.4 ampere for lengths up fo:10 feet (3.05 m);

re are two or more conduetors and they are covered by a common jacket or the

assembled conductors comply with the requirements of the Strain Relief Test

installation_instructions indicate that the lead cannot be spliced to a conductor |

rew so as to
security.

n turning.

b2 mm) long,
insulation, if

ger lead may

rent does not

equivalent;

Section 73;

hrger than 18

multiple statio

mployed for

s\ provided for field connection to power limited signaling circuits, such as
mmmmnmjaner than 16

AWG (1.3 mm?), for a single conductor, 19 AWG (0.65 mm?) for two or more conductors, and 26 AWG

(0.13 mm?) for four or more conductors of a multiconductor cable. The conductor shall be solid, bunch
tinned stranded, or stranded copper. Stranded copper wire, consisting of not more than seven strands,
may be employed only for 18 AWG (0.82 mm?) and larger conductors.

19.5 Groun

19.56.1

ded supply terminals and leads

A field-wiring terminal for the connection of a neutral supply conductor shall be identified by

means of a metallic plated coating substantially white in color and shall be readily distinguishable from the
other terminals, or proper identification of the terminal for the connection of the neutral conductor shall be
clearly shown in some other manner, such as on an attached wiring diagram.
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19.5.2 A field-wiring lead provided for connection of a neutral supply conductor shall be finished to show
a white or gray color and shall be readily distinguishable from other leads. No leads other than neutral
conductors, shall be so identified.

19.5.3 A terminal or lead identified for the connection of the neutral supply conductor shall not be
electrically connected to a single-pole manual switching device that has an OFF position or to a single-
pole overcurrent (not thermal) protective device.

20 Power Supply Cord
20.1 A cord-connected single station carbon monoxide alarm shall be provided with not less than 6 feet

(1.83 m) normeore-than20-feet (6-10-m)-of flexiblecord-and-a-two-or-threeprong-attachment plug of the
type and ratipg for connection to the supply circuit.

Exception: The cord may be less than 6 feet in length if it is evident that the use of a longer card:
a) Mdy result in a risk of fire or electric shock;

b) Mgy result in unintentional contact with moving parts that may.catiSe a risk of injuty to persons;
and

¢) Is not required for the intended operation of the product.

20.2 The flpxible cord shall be of Type SP-1, SPT-1, SP-2; SPT-2, SV, SVT, SJ, SJT, $PE, SVE, or
equivalent, minimum 18 AWG (0.82 mm?). It shall be rated for use at the voltage and ampacity rating of the
alarm, in acgordance with the National Electrical CodeyNFPA 70, or the Canadian Electrical Code, Part 1
(CSA C22.1)

20.3 Meang shall be provided to prevent the flexible cord from being pushed into the enclpsure through
the cord-entry hole if such displacement:

a) Supjects the cord to mechanical damage or to exposure to a temperature higher than that for
which the cord is rated,

b) Refuces spacings below the minimum acceptable values, or

¢) Repults in damage:-in internal components.

20.4 A smqothly rounded restraining means shall be provided for securing the attachmept plug to the
receptacle. Jee the Strain Relief Test, Section 73.

20.5 The power supply cord shall be provided with strain relief means so that a stress on the cord will not
be transmitted to terminals, splices, or internal wiring. See the Strain Relief Test, Section 73.

20.6 If a knot in a flexible cord serves as strain relief, a surface against which the knot may bear or with
which it may come in contact shall be free from projections, sharp edges, burrs, and fins that may cause
abrasion of the insulation on the conductors.

20.7 Clamps of any material (metal or otherwise) are acceptable for use on cords and supply leads
without varnished-cloth insulating tubing or the equivalent under the clamp unless the tubing or the
equivalent is necessary to prevent the clamp from damaging the cord or supply leads.
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