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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)



https://ulnorm.com/api/?name=UL 2034 2024.pdf

JUNE 3, 2024 UL 2034 19

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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21 Equipment Grounding

211

21.1.1

General

An equipment grounding terminal or lead, or equivalent, is required for a hazardous-voltage alarm

that is intended to be serviced internally and employs internal dead metal parts that become energized
under a fault condition.

21.1.2 An equipment grounding terminal or lead is not required for:

a) An extra-low-voltage alarm;

b) A hhzardous-voltage alarm provided with an overall nonmetallic enclosure and covér, and that is

not intended to be internally serviced; or

¢) A hpzardous-voltage alarm provided with an overall nonmetallic enclosure.and coy
not employ internal dead metal parts that become energized under a fault condition 3
be contacted during servicing.

21.2 Permanently-connected units

2121 The

conductor shall be green, with or without one or more yellow stripes. No other leads visible to

other than gr
an equipmen
"Grounding,"
alarm. The fig

21.3 Cord-g
21.3.1 The
consistofa s
parallel blade|

22 Remote

22.1 For an
transformer, {|

surface of an insulated lead intended solely for the{Connection of an equipms
bunding conductors, shall be so identified. A field*wiring terminal intended for ¢
-grounding conductor shall be plainly identified, such as being marked "G," "G

pr a means determined to be equivalent, orby a marking on a wiring diagram pr
Id-wiring terminal shall be so located that it cannot be removed during servicing

onnected units

grounding means for a cord-connected alarm that is intended to be serviced in

attachment plug.
Power SupplyLeads

alarm that-is intended to be connected to a separate remote power supp
he supply)cord is not required to be factory wired to the alarm, or to the transforr

or leads, if
connection.
than 18 AW

er, that does
nd is able to

nt-grounding
the installer,
onnection of
R," "Ground,"
pvided on the
of the alarm.

ternally shall

bparate grounding lead integral with the supply cord and terminating in the grounding pin of a

y such as a
ner terminals
e method of

he  installation instructions provided with the unit are explicit regarding th
he ‘minimum size conductors between the alarm and remote power supply sh

provided by the manufacturer.

Il not be less
iring is to be

22.2 Where longer runs of interconnecting wiring are used in an installation, such as in a multiple station
configuration, or where several alarms are supplied by a common power supply, the manufacturer is not
required to provide the wiring. However, the installation wiring diagram or instructions shall be marked to
specify that the wiring to be used shall be in accordance with the provisions of Article 725 of the National
Electrical Code, NFPA 70, or Section 33 of the Canadian Electrical Code, Part 1 (CSA C22.1). In addition,
the resistance of the interconnecting wiring shall be a maximum of 10 ohms, unless otherwise specified by
the manufacturer.
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INTERNAL WIRING
23 General

23.1 The internal wiring of an alarm shall consist of conductors having insulation rated for the voltage
involved and the temperatures to which it shall be subjected, and shall have the mechanical strength and
current-carrying capacity for the service. The wiring shall be routed away from moving parts and sharp
projections and held in place with clamps, string, ties, or equivalent, unless of sufficient rigidity to retain a
shaped form.

23.2 Leads, or a cable assembly, connected to parts mounted on a h|nged cover shaII be of sufficient
i G nections. The
ning between

coil lead, the
sharp bends,
corners. The
that the wall

than 0.017 inch (0.43 mm). For insulating tubing of other types the-wall thickness shall no{ be less than
that required to at least equal the mechanical strength, dielectric properties, and heat gand moisture
resistance characteristics of polyvinyl chloride tubing having awall thickness of 0.017 inch (0}43 mm).

23.4 Interngl wiring of circuits operating at different potentials shall be separated by barrigrs or shall be
segregated, Uinless the conductors of the circuits of lower voltage are provided with insulatior| equivalent to
that required|for the highest voltage involved. Segregation of insulated conductors shall be accomplished
by clamping,|routing, or equivalent means that provides permanent separation.

23.5 Stranded conductors clamped under wire-binding screws, or similar parts, shall have|the individual
strands soldgred together or be equivalently arranged, to provide reliable connections.

24 Wireways

241 Wireways shall be_smooth and free from sharp edges, burrs, fins, and moving paits that cause
abrasion of tihe conductor.insulation.

25 Splices

251 All splices i = chanically securec ing to adjacent
uninsulated current carrylng parts in the event that an |mproper connectlon such as a cold solderJomt is
made. Tack soldering is not to be used unless the design precludes mechanical security and five samples
resist a pull force of 2 pounds (8.9 N) applied for 3 seconds and the connection is subjected to 100 percent
inspection and testing with the same pull force by the manufacturer.

25.2 A splice shall be provided with insulation equivalent to that of the wires involved, if permanence of
electrical spacing between the splice and uninsulated metal parts is not assured.

25.3 Splices shall be located, enclosed, and supported so that flexing, movement, or vibration will not
damage the insulation or affect the integrity of the splice.
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26 Barriers

26.1 A metal barrier shall have a thickness at least equal to that required by Table 13.2, as determined
by the size of the barrier. A barrier of insulating material shall not be less than 0.028 inch (0.71 mm) thick
and shall be thicker if its deformation may be readily accomplished so as to defeat its purpose. Any
clearance between the edge of a barrier and a compartment wall shall not be more than 1/16 inch (1.6

mm).
27 Groundi

27.1

ng and Bonding

An exposed dead metal part that becomes energized by hazardous voltage shall be bonded to the

point of conn
hole, or bushi

27.2 Except
mounting bra
be contacted

27.3 Metal g

a) Adh
the oy
wiring

b) Iso

and unpinsulated live parts.

ctionof the alarm nrr\llnrllnn terminal or |n9r1 and-to-the metal ellrrr\llndlng t

ng provided for field power supply connections.

as indicated in 27.3, uninsulated metal parts of electrical enclosures, itransf
Ckets, capacitors, and other electrical components shall be bonded for'groundin
by the user or by a service person servicing or operating the equipment.

esive attached parts, such as a metal foil markings, serews, or handles that a
tside of the enclosure and isolated by grounded metal parts from electrical co
by grounded metal parts so that they cannot becenme energized.

ated metal parts, such as small assembly screws, that cannot come in conta

arts as described below, are not required to comply with the requirement of 27.1

e knockout,

prmer cores,
g if they may

and 27.2:

e located on
mponents or

ct with wiring

c) Panels or covers that do not enclose uninsulated live parts when they cannot come in contact
with wjiring which causes them to become-energized.
d) Papels or covers that are insulated from electrical components and wiring by an insulating

barrie
compq

that is secured in placé-and is made of vulcanized fibre, varnished clq
sition, or similar materialnot less than 1/32 inch (0.8 mm) thick.

nding shall be by)a positive means, such as by clamping, riveting, brazing
d or screwed 'connection. The bonding connection shall penetrate nonconduc

th, phenolic

welding, or
ive coatings,
of rubber or

screwhead is

27.6 The use of two or more screws, or two full threads engagement of a single screw in metal, complies
with 27.4 if the bonding means depends upon screw threads.

27.7 Metal-to-metal hinge bearing members for doors or covers shall not be used as means of bonding
the door or cover for grounding unless a multiple bearing-pin type (piano type) hinge is used.

27.8 The size of a copper or aluminum conductor employed to bond an electrical enclosure shall be
based on the rating of the branch circuit overcurrent device by which the alarm will be protected. Except as
noted below, the size of the conductor shall comply with the applicable requirements for connection of an
equipment grounding conductor as specified in Table 250-95 of the National Electrical Code, NFPA 70,
and Table 16 of the Canadian Electrical Code, Part 1, CSA C22.1, except that such a conductor need be
not larger than one of the power supply conductors.


https://ulnorm.com/api/?name=UL 2034 2024.pdf

JUNE 3, 2024

UL 2034

29

27.9 A bonding conductor to an electrical component need not be larger than the conductor supplying

the compone

nt.

27.10 A bonding conductor in an alarm shall have insulation equivalent to that of live conductors, if there
is any possibility of accidental contact between the bonding conductor and uninsulated live parts.

27.11

ELECTRICA

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

L COMPONENTS

28 General

28.1 Mounling of components

28.1.1 A sy
and uninsula

Exception N
conditions af]

a) Th
consi

b) Th
it

c)Th
d) Th

Exception N
indicator ligh
turning if rotg

28.1.2 Unin
prevented frq
between suri
applied lock

28.1.3 Unin

ked live parts shall be mounted securely and shall be prevented from. turning.

. 1: It is not required that a switch be prevented from turning.when all four of
e met:

e switch is a plunger or other type that does not rotate when operated. A to
Hered to be subject to forces that tend to turn the switch during operation of the s

b means for mounting the switch makes it unlikely that the operation of the swif

b spacings are not reduced below the minimum required values if the switch rota
p operation of the switch is by mechanical means rather than by direct contact by
. 2: A lampholder of the type-in which the lamp cannot be replaced, such as g

tion cannot reduce spacings below the minimum values required. See Spacings

m turning ortshifting in position, if such motion may result in a reduction of spa
aces is not.acceptable as a means to prevent shifting or turning of live parts,
vasher may be accepted.

itch, lampholder, attachment-plug receptacle, plug connector, or similar.electrical component,

the following

ygle switch is
witch.

ich will loosen

fes.

persons.

neon pilot or

t in which the lamp is s€aled in a nonremovable jewel, is not required to be prevented from

Section 36.

sulated live parts-shall be so secured to the base or mounting surface thaf they will be

tings. Friction
but a properly

surfaces by

sulated live parts, for example field-wiring terminals, shall be secured to the¢ir supporting
mmmmmmmmﬁ%m turning or

shifting in position if such motion results in reduction of spacings below the minimum values required. This
shall be accomplished by two screws or rivets; by square shoulders or mortises; by a dowel pin, lug, or
offset; by a connecting strap or clip fitted into an adjacent part; or by some other equivalent method.

28.2 Operating components

28.2.1

Operating components and assemblies, such as switches, relays, and similar devices, shall be

protected by individual dust covers or dust tight cabinets, against fouling by dust or by other material that

impairs their

operation.

28.2.2 Adjusting screws and similar adjustable parts shall be prevented from loosening under the
conditions of actual use. A properly applied lock washer is one method of preventing loosening.
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28.3 Current-carrying parts

28.3.1

28.4 Electri

28.4.1

Bearings, hinges, and similar items shall not be used for current carrying parts.

cal insulating material

molded composition, or equivalent material.

Material for the mounting of uninsulated live parts shall be porcelain, phenolic composition, cold-

28.4.2 Vulcanized fiber is suitable for insulating bushings, washers, separators, and barriers, but not as
the sole support for uninsulated live parts of other than extra-low-voltage circuits.

28.4.3 Pon|Ineric materials shall not be used for the sole support of uninsulated live parts un

determined tg

28.44 Afla
parts, shall nq
employed unl

28.4.5 Whe
insulating bar
unless the p4
parts and the
reducing spa

2846 Aco

be equivalent to the materials indicated in 28.4.1.

sheet of insulating material, such as phenolic composition employed for pane
t be less than 1/16 inch (1.6 mm) thick. Material less than 1/16 in¢hrin thicknes
ess the panel is supported or reinforced to provide equivalent igidity.

N a terminal block mounted on a metal surface is grounded it shall be prov
rier between the mounting surface and all uninsulated-live parts on the undersid
rts are staked, upset, sealed, or equivalently prevented from loosening so as t

less they are

-mounting of
5 shall not be

ided with an
e of the base
b prevent the

ends of replaceable terminal screws from coming in contact with the supporting surface or

ings below the minimum values required.

intersunk sealed part shall be covered.with a waterproof insulating compound

melt at a tenpperature of 15 °C (27 °F) higher than'the maximum normal operating tempe

assembly, an
shall not be Ie

29 Bushing

29.1 Ifalea
be a metal or
secured in pld

29.2 Iftheqg
greater than
equivalent of

H not less than 65 °C (149 °F) in any case. The depth or thickness of the sealir
ss than 1/8 inch (3.2 mm).

S

d or wire harness passes through an opening in a wall, barrier, or enclosing cas
insulating type bushing, or a means determined to be equivalent, which shall b
ce, and have.a smooth rounded surface.

peningisin a phenolic composition or other nonconducting material, or in meta
0.042:inch (1.07 mm), a smooth surface having rounded edges is consider
B.bushing.

which will not
rature of the
g compound

e, there shall

b substantial,

of thickness
ed to be the

29.3 Ceramic materials and some molded compositions are suitable for insulating bushings, but
separate bushings of wood and hot-molded shellac shall not be used.

29.4 Fiber shall be employed only where:

a) It is not subjected to a temperature higher than 90 °C (194 °F) under normal operating
conditions,

b) The bushing is not less than 1/16 inch (1.6 mm) in thickness, with a minus tolerance of 1/64 inch
(0.4 mm) for manufacturing variations, and

o) ltis

not affected adversely by ordinary ambient humidity conditions.
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29.5 If a soft-rubber bushing or similar material that deteriorates with age is employed in a hole in metal,
the hole shall be free from sharp edges, burrs, and other projections that cut into the bushing and wire
insulation.

29.6 An insulating metal grommet shall be used in lieu of an insulating bushing only when the insulating
material used is not less than 1/32 inch (0.8 mm) in thickness and fills completely the space between the

grommet and the metal in which it is mounted.

30 Lampholders and Lamps

30.1

A single and/or multiple station carbon monoxide alarm intended to be connected to an alternating

f the unit.

current (ac)

30.2 If mor

ower saource-shall he nrovided-with 2 "nower-on" lamn to indicate eneraization
1 14 1 4

b than one lamp is provided on the alarm, the "power-on" lamp shall be{white

alarm indicatjng lamp shall be red, and a trouble lamp shall be amber or yellow.

30.3 Alam

304 Alam
to an identifie

30.5 Alam
to contact by

306 Alam
alarm intend

31 Protect

31.1 Fuseh

32 Printed

32.1 The c
circuits shall
board shall &
board or risk

32.2 A prin

bholder and lamp shall be rated for the circuit in which they are employed.

bholder in a hazardous-voltage circuit shall be wired so that the screw shell will
d (neutral) conductor.

bholder shall be installed so that uninsulated hazardous-voltage live parts will n
persons removing or replacing lamps in service.

D or equivalent means, such as a distinctive audible signal indication, shall be p

ve Devices
olders, fuses, and circuit breakers shall be rated for the application.
Wiring Boards

pbmponents of @ printed-wiring board shall be secured in place and the spac
comply withtthe spacings requirements for rigidly clamped assemblies (Tab
e mounted-so that deflection of the board during servicing shall not result in d
of fire or electric shock.

tedswiring board shall comply with the requirements in the Standard for H

or green, an

be connected

t be exposed

rovided on an

pd for multiple-station interconnection to:idéntify the unit from which the alarm was initiated.

ngs between
le 36.1). The
amage to the

rinted Wiring

Boards, UL

96, and shall be mounted so that moisture does not accumulate on the board.

33 Switches

33.1

There shall be no power switches provided with an alarm.

33.2

If a reset switch is provided, it shall be of a self-restoring (momentary) type.

34 Transformers and Coils

34.1

A transformer shall be of the two-coil or isolated-winding type.

A switch shall have a current and voltage rating not less than that of the circuit which it controls.
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Exception: It is not prohibited that an autotransformer be employed in an alarm intended for permanent
connection only, when the terminal or lead connected to the autotransformer winding which is common to
both input and output circuits is identified, and that the output circuits are located only within the enclosure
containing the autotransformer. See 19.5.1 and 19.5.2.

34.2 The insulation of coil windings of relays, transformers and the like shall be such as to resist the
absorption of moisture.

34.3 Film-coated or equivalently insulated wire is not required to be given additional treatment to prevent

moisture absorption.

35 Droppin

351 A carb
circuit ofan a

36 Spacings

36.1 Spacin
uninsulated i
36.1.

36.2 The s
conduit or me

36.3 The"T
part are to bg
However, the|
other uninsul
basis of the n

36.4 The sp
at wiring tern
spacings are
from the ass
enclosures, s

36.5 The"T{
a component

g-Resistors

on composition resistor shall not be used as a dropping resistor in the (hazar
arm.

gs shall be maintained between uninsulated live parts and dead metal parts,
ve parts of opposite polarity. The spacings shall not be(less than those indic

acings between an uninsulated live part and a wall or cover of a metal enclos
tal-clad cable; and any dead metal part shall not-be less than that indicated in T3

hrough air" and "Over surface" spacings, of Table 36.1 measured at an individua
judged on the basis of the volt-ampgres used and controlled by the individua
spacings from one component to-another, and from any component to the en
hted dead metal parts, excluding’the component mounting surface, shall be ju

acing requirements in Table 36.1 do not apply to the inherent spacings inside m
ninals, or to the inherent spacings of a component provided as part of the
udged on the basis)of the requirements for the component. The electrical clear

embly of a component into the complete device, including clearances to d
hall be those:indicated in Table 36.1.

b wall:ef enclosure” spacings of Table 36.1 are not to be applied to an individual
partwithin an outer enclosure.

aximum voltage and total voltzamperes rating of all components in the enclosure.

dous-voltage

and between
hted in Table

ure; fitting for
ble 36.1.

| component
component.
closure or to
dged on the

ptors, except
alarm. Such
nce resulting
ad metal or

enclosure of

36.6 Enameled or equivalently insulated wire is to be considered an uninsulated live part, but enamel is
acceptable as turn-to-turn insulation in coils.
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Table 36.1
Minimum Spacings

Minimum spacings®°
Through air Over surface
Point of application Voltage range inch (mm) inch (mm)
To walls of enclosure:
Cast metal enclosures 0-300 1/4 (6.4) 1/4 (6.4)
Sheet metal enclosures 0-300 12 (12.7) 1/2 (12.7)
Installation wiring terminals:
With barrierg U—30 178 3-2) 3716 (4.8)
31-150 1/8 (3.2) 1/4 (6.4)
151-300 1/4 (6.4) 318 (9.5)
Without barrjers 0-30 3/16 (4.8) 3/16 (4.8)
31-150 1/4 (6.4) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
Rigidly clamped assemblies:®
100 volt-amperes maximum? 0-30 1/32 (0.8) 1/32 (0.8)
Over 100 volt-amperes 0-30 3/64 (1.2) 3/64 (1.2)
31-150 1/18 (1.6) 1/16 (1.6)
151 -300 3/82 (2.4) 3/32 (2.4)
Other parts 0-30 1/16 (1.6) 1/8 (3.2)
31-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)

@ An insulating|liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or similar material employed where
spacings will ofherwise be insufficient shall not be less than 0.028 inch (0.71 mm) thick; except that a liner or barrief not less than
0.013 inch (0.33 mm) thick is usable in conjunction with an air spacing of not less than one-half of the through air sgacing required.
The liner shall pe located so that it is not affected‘adversely by arcing. Insulating material having a thickness less than that
specified shall pe used only if it is approved.forthe particular application.

® Measurements are to be made with selid'wire of acceptable ampacity for the applied load connected to each termjnal. In no case
is the wire to b smaller than 16 AWG (1.3 mm?).

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

4 Spacings les$ than those,indicated, but not less than 1/64 inch (0.4 mm), are acceptable for the connection of intggrated circuits
and similar corpponents where the spacing between adjacent connecting wires on the component is less than 1/32]inch (0.8 mm).

PERFORMA1NCE

37 General
371 Test units and data

37.1.1  Alarms that are fully representative of production units are to be used for all tests. The range of
sensitivities (ppm CO), regardless of time, which can lead to an alarm signal shall be provided for the
samples. This range will define the production sensitivity.

37.1.2 The following samples are to be provided for testing:
a) At least 15 assembled alarms.

b) One additional unassembled alarm.
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c) Installation and operating instructions (see 92.1 and 92.2 and Section 91).

d) For alarms employing a battery as the main operating supply, 24 additional battery operated
alarms for long term battery tests or equivalent test circuit set-ups with appropriate measuring
facilities to monitor the battery voltage, standby current, and alarm current. Each set-up, if
provided, is to be representative of six alarms and is to include test terminals and switches, limiting
resistors, the alarm horn, and batteries. The value of resistors is to represent the normal standby

curren

t which is obtained from a complete alarm.

37.1.3 The batteries are to be connected in the test circuit with the same terminal arrangement employed
in the alarm. Provision for connection of the actual sounding appliance used in the alarm for random and
weekly testing is also to be made. (See the Battery Tests, Section 66.)

37.1.4 Befofe, during, and after the tests specified in Sections 41, 42, 44, 50, and 51 of this

alarm sampl
These same

37.15 The
the wiring dig
conditions eq

37.2 Acces

37.2.1 Acce

shall remain operational without the need to replace any component or’portion
larms may be used in subsequent tests.

hccessory devices such as horns or lights employed for testing are to be thoseg
gram of the alarm. Substitute devices shall be used only if they’produce functi
Livalent to those obtained with the devices intended to be used with the alarm in

sories

ssories for use with single and multiple stationcarbon monoxide alarms are to

— but not necgssarily limited— to the following tests as applicable:

a) Nor

b) Cirg

mal Operation Test, Section 38;

uit Measurement Test, Section 39;

c) Temperature Test, Section 47;

d) Oveg
e) Eng
f) Vari
g) Hur

h) Leg

rload Test, Section 48;

urance Test, Section49;

hble Ambientdemperature Test, Section 50;
hidity Test Section 51;

kage Current Test, Section 52;

Standard, all
of the alarm.

specified by
bns and load
service.

be subjected

i) Tran

sient lests, Section 53;

j) Dielectric Voltage-Withstand Test, Section 56;

k) Overvoltage Test, Section 58;

1) Undervoltage Test, Section 59;

m) Jarring Test, Section 64;

n) Audibility Test, Section 67;

o) Tes

p) Dro

ts of Thermoplastic Materials, Section 68; and

p Test, Section 75 (portable appliance only).
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37.3 Test voltages

37.3.1

Unless otherwise specified, the test voltage at rated frequency for each test is to be as follows:

Voltage, nameplate Alarm rated test voltage

110to 120
220 to 240
Other

120
240
Marked rating

37.3.2 The

a) At
inves

b) On
c) Ins

d) Fo
alarm
facilit
shall

resist
curre

37.3.3 The
in the alarm.
weekly testin

374 Comp
3741 Data

be provided
Standard is 1

3742 The

a)Co

I . 1 et .l £ 4 e
TUNUWITTY SdlTIpICs dit U DT Proviucu 10T Iestny.

least 15 assembled alarms — fewer samples are permitted to be submitt
igations based on a limited test program when agreed to by the testing agency.

e additional unassembled alarm.
fallation and Operating Instructions (see 92.1 and 92.2 and Section 91).

I alarms employing a battery as the main operating supply, 24 additional b
s for long term battery tests or equivalent test circuit.set ups with appropri
es to monitor the battery voltage, standby current, @nd“alarm current. Each set u
be representative of six alarms and shall include test terminals and swit
brs, the alarm horn, and batteries. The value ‘6f-resistors shall represent the ng
nt which would be obtained from a complete alarm.

batteries shall be connected in the test circuit with the same terminal arrangem
Provision for connection of the actual sounding appliance used in the alarm fo
g shall also be made. (See the Battery Tests, Section 66.)

onent reliability data

on alarm components, such as capacitors, resistors, solid state devices, and
for evaluation of\the reliability of the components for the intended application
bferenced, a copy of the specification is to be provided for review.

data required by 37.4.1 shall include the following or equivalent information:

mponent and overall alarm reliability analysis per Military Standard 217F, descril

ed for partial

aaltery operated

e measuring
p, if provided,
ches, limiting
rmal standby

ent employed
r random and

the like, shall
. If a Military

edin6.1.

b) Component vendor's reliability and life expectancy data. This includes failure rate data at rated
values and derated values. The latter data is required only where the derating values form the

basis

of reliability.

c) General description of the alarm manufacturer's quality assurance (QA) program. This
information shall include incoming inspection, in-process QA, burn-in data and testing. This applies
to complete and partial assemblies as well as individual components.

d) Component Fault Analysis — Effect of failure, open and short, of capacitors and limited-life
components on operation of an alarm.

e) Maximum vendor's ratings for each component as well as the actual maximum operating values
(voltage and current) in the alarms.
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f) A description of component screening and burn-in test data for solid-state devices or integrated
circuits which operate at greater than the limits described in note (b) of Table 47.1.

g) General calibration procedure of test instruments employed by the manufacturer in the
calibration of an alarm.

h) A general description of the circuit operation under standby, alarm, and trouble conditions.

i) A description of the carbon monoxide test chamber, including drawings and operation procedure,
to be used by a manufacturer in conducting the factory calibration tests.

38 Normal Operation Test

38.1 Anala
energized fro
and in any su

38.2 Thete
prepared for i

38.3 Them
in the operati

38.4 A sing
requirements

38.5 For mu
connected al
30.6.

m shall operate for all conditions of its intended performance, at all sensitivity's
M a source of rated voltage, under all conditions covered both in the installatio
bplementary information provided by the manufacturer.

5t voltage is to be in accordance with 37.3.1. The alarm is to be inlthe standby (
s intended signaling operation when it is connected to related.devices and circu

pttings, when
N instructions

ondition and
ts.

bintenance of approximately 600 ppm of carbon monoxide’in the alarm chambgr shall result

bn of the alarm in its intended manner for at least 12 hours.

e station carbon monoxide alarm that employs:a secondary power supply shall meet the

of this standard with the main power de-energized.

Itiple station configurations, the operatian of one alarm shall result in the alarm signal of all

hrms being energized and the alarnidhat initiated the alarm signal shall be id

38.6 Operatfion for alarm of a single-station carbon monoxide alarm with integral trans

energized by
compatible rg
under free-fie
91.1(i) for ins
audible alarm

38.7 When
operated.

an initial pulse(s) shall(result in an alarm signal with a duration of at least 1
ceiving unit located at the maximum distance specified by the manufacturer,
d conditions with_ne-obstructions between the alarm transmitter and receiver u

entified. See

mitter that is
2 hours at a
when tested
nits. Refer to

tructions to be provided. A manual reset of the receiver is not required if the feceiving unit

signal is energized in time sequence and duration with the alarm.

a mandal ‘test switch is operated it shall cause all visual and audible indi

cators to be

38.8 Anyin

ficator of COToncentration shatt-be accurate to withim ptusor minus -30% of

he indicated

amount and display the gas concentration for all Sensitivity tests specified in Table 41.1 and pre/post
Sensitivity tests within this standard. No indication shall be given for CO concentrations less than 30 ppm.
The indicator shall comply with the in-service reliability requirements of 84.1.2. Testing shall be performed
at 70, 150, and 400 ppm and the test data shall be part of the in-service reliability measurement program.
For the purposes of these requirements, an indicator of CO concentration shall be either an integral
component of a CO alarm or a remote indication provided at an external device, such as a remote receiver
or a mobile device, i.e. smart phone.
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39 Circuit Measurement Test
39.1 Current input

39.1.1 Except for a battery operated alarm, the input current of a single or multiple station carbon
monoxide alarm shall not exceed the marked rating by more than 10 percent when the alarm is connected
to a source of supply in accordance with 37.3.1 and operated under the conditions of intended use
(standby and alarm).

39.2 Battery trouble voltage determination

39.2.1 An iperease inthe-internatresistance—oradecrease-interminat-voltage—ofabs employed as
the primary qr secondary source of power to an alarm shall not impair operation for an alarm|signal before
a trouble signal is obtained. In addition, any combination of voltage and resistance(at“which a trouble
signal is obtained shall be greater than the battery voltage and resistance combination measured over a
12 month pefiod in the room ambient condition of the Battery Tests, Section 66.

39.2.2 Theltrouble level of a battery operated carbon monoxide alarm shall be determined (using the test
circuit in Figyre 39.1 and the voltage-resistance curves of Figure 39.2) for'each of the following voltages:

a) Rajed battery voltage,
b) Trquble level voltage (assuming minimal or no series résistance), and

c) Voltages between rated and trouble level voltage.

Figure 39.1

Test Circuit
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Figure 39.2

Trouble Level Determination Graph

D

CURVE _A

A — Rated battery
B —Trouble level
C - Voltage valu
D — Trouble leve
E — Trouble level
F — Maximum pe

Curve A — Sampl
measurement is

Curve B — Samy(

RESISTANGE — OHMS

CURVE B

1 T T
B c

BATTERY / POWER SUPPLY VOLTAGE

S2479

voltage.

voltage (assuming minimal resistance).

e between rated and trouble level.

resistance at rated battery voltage.

resistance at voltage value C.

Fmissible battery resistance and'minimum voltage after 6 months in long-term battery test.

e plot of voltage vs. resistance (alarm trouble level curve) at which a trouble signal in an alarm is ob
0 be made at points between D and F.

le plot of battery internal resistance vs. battery open circuit voltage derived from long term (mini

battery test. Shape and slope of curve,/as well as point of intersection with Curve A, will vary depending on battery us

ained. Audibility

mum 6 months)
ed.
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39.2.3 To determine compliance with 39.2.1 each of three alarms is to be connected in series with a
variable regulated direct current power supply and a variable resistor as illustrated in Figure 39.1. The

trouble level is to be determined by the following steps:

a) Rated Battery Voltage — The voltage of the power supply is to be set at the rated battery voltage
and the series resistor at 0 ohms. The resistance is to be increased in increments of 0.1 — 10 ohms,
at a rate of not more than one increment per minute, until a trouble signal is obtained. The alarm is
to be tested for alarm operation at each resistance level and at the trouble signal level.

b) Trouble Level Voltage — With the variable resistor set at 0 ohms, the voltage of the power supply
connected to the alarm is to be reduced in increments of 1/10 volt per minute to the level where the
trouble signal is obtained. The alarm is to be tested for alarm operation at each voltage level and at

the treubte c;yl raHevet:

c¢) Voltage Values Between Rated and Trouble Level Voltages — The voltage of the/pd
to be|set at preselected voltages between the rated battery voltage and the trouble

The

than ¢ne increment per minute, until a trouble signal is obtained. The alarm’is to be te

oper
of vol

39.24 Tod
at least 12 m
of Figure 39
compared to
intersection

point F (exte

39.3 Batte

39.3.1 The
capacity read
must restore
described in

40 Electrigal Supervision Test

40.1 Gene

4011 A cg

ries resistance is then to be increased in increments of 0.1 — 10 ohms; at a rat

wer supply is
level voltage.
e of not more
sted for alarm

tion at each resistance and voltage level and at the trouble voltage level. A suffjcient number

age values shall be selected to determine the shape of the trouble level curve.

etermine that a battery is capable of supplying alarm afd trouble signal power tg
onths under the room ambient condition described-in_the Battery Tests, Sectio
.2 is to be plotted from the data obtained in the“measurements described
Curve B of Figure 39.2, which is plotted from data generated in the 6 months ba
bf Curves A and B shall not occur before 12>months and all points of Curve B
nded to the base line), shall be below Curve A.

[y trouble silence

battery trouble signal from each of three alarms may be temporarily silenced ur
hes the trouble level voltage-resistance points described in 39.2.2. The battery
and no longer be capable’of being silenced when the trouble level voltage-res
39.2.2 have been reached.

al

rbon_monoxide alarm shall be electrically supervised so that any of the follow

the alarm for
n 66, Curve A
n 39.2.3 and
tery test. The
to the right of

til the battery
trouble signal
stance points

ng conditions

which prever

ts-eperation for an alarm signal from the alarm device shall result in an audible

trouble signal

within 200 seconds of the occurrence of the fault:

a) An

instantaneous failure or removal of a limited life component or a sensor,

Exception: The power source of a battery operated alarm.

b) An

"open" in an externally connected alarm circuit, or

c¢) A ground fault in any externally connected wiring.

40.1.2 The wiring extending between alarms wired in a multiple station configuration shall be electrically
supervised so that a short or multiple ground fault, which prevents operation for an alarm signal, shall
result in an audible trouble signal or result in an alarm signal. An "open" in any of the wiring between
alarms is not required to be indicated by a trouble signal if the operation as a single station alarm is not
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prevented. This requirement does not apply to the interconnected wiring of alarms intended to be
connected by a Class 1 wiring method.

40.1.3 If an audible trouble signal is required to indicate a fault condition, it shall be produced every 30 —
60 seconds +£10 percent for a minimum of seven consecutive days. The trouble signal shall be distinctive
from the alarm signal and, if provided, pre-alarm signal.

40.1.4 To determine if an alarm unit complies with the requirements for electrical supervision, the alarm
is to be energized in the standby condition, and the type of fault to be detected is then to be introduced.
Each fault shall be applied separately, the results noted and the fault removed. The alarm is then to be
restored to the standby condition prior to establishing the next fault.

40.1.5 A fault condition (open, ground, or short), of other than the carbon monoxide alanin circuit of a

carbon monokide alarm with a noncarbon monoxide-alarm feature shall not prevent alarm sig
as a carbon monoxide alarm. For this test the alarm is to be energized from a rated source of
normal standpy condition and the fault is to be applied. With the fault appliedcthe* alarm

subjected to 4 carbon monoxide level of approximately 600 ppm which shall resulfin an audib,

40.1.6 Unitg powered by electrical (AC) mains, or primary and/or secondary battery power
indicate end-pf-life, based on the manufacturer's specified lifetime, with~an end-of-life signal
is permitted for the audible component of the signal to be of the same format as a trouble sig
a visual indigator is employed to differentiate between the end-ofslife and other trouble co
end-of-life signal shall repeat once every 30 — 60 seconds.£10 percent. This signal shall

hal operation
supply in the
s then to be
e alarm.

source shall
(see 5.13). It
nal, provided
hditions. The
be triggered

either by an igternal timer or by a self-diagnostic test(s).

a) For|
is rea
not ex
meets|
follow
timer

termr

a unit that employs a signal generated by‘an internal timer, once maximum spegified lifetime
thed the end-of-life signal shall be initiated. The timer can be reset repeatedly| for a period
ceeding 72 hours for each period of reset, if self-diagnostic test(s) indicate that the unit still
the requirements of this standard: The timer shall not be able to be reset gfter 30 days
ng the initial end-of-life signal. The manufacturer shall provide detailed documeptation of the
bperation that includes, a description of how the timer data is affected by either|short or long
bmoval of power to the alarm.

his test has
Lof-life signal

b) Fof a unit that employs a signal generated by a self-diagnostic test, once f{
determined the device(no longer meets the requirements of this standard, the end
shall he initiated.

c) If tHe sensords-automatically and periodically tested for response to CO (or an equiivalent gas),
then the unit's.specified lifetime calculations can exclude the sensor component.

40.1.7 In addition to the requirements outlined in 40.1.6 (a), (b) and (c), two alarms [employing a
replaceable battery or batteries shall be subject to the following requirements in the following order:

a) The alarm shall be configured to signal its end of life. The alarm shall then be reset once (if the
alarm is capable of resetting the end-of-life signal).

b) If powered by AC mains or DC mains (Recreational Vehicle and/or Marine Use) the primary
power shall first be disconnected prior to removing and installing the replacement battery.

¢) The installed battery (original) shall be replaced with a new battery.

d) The new battery shall not be replaced within 15 minutes from removing the original battery.
Manufacturer must provide detailed information that outlines the minimum amount of time needed
to ensure that the residual power on the alarm has been depleted.
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e) After replacing the battery, the timer for the end-of-life signal shall not reset, and the timer shall
continue from the cumulated end-of-life time which the battery was removed.

f) 40.1.7 (a), (b) and (c) shall be re-conducted but with the battery replaced one day prior to the
maximum end-of-life time period. A second alarm may be used for this requirement.

40.1.8

In addition to the requirements outlined in 40.1.6(a), for an alarm that employs a replaceable

battery but does not employ an end-of-life timer reset, the tests specified in clauses 40.1.7 (b), (c), (d), (e)
and (f) shall be conducted with the battery being replaced on the first day that the end-of-life signal is
generated and the last day following the time period that the unit is not reset as defined in 40.1.6(a).

40.2 AC powered units

40.21
lamp.

40.2.2 Neit
extended (a
(maximum o
an alarm sig
voltage at a
alarm) signa

40.2.3 Loss
standby conq
remaining ur

40.3 Batte

40.3.1 An3
signal for at
obtained. Fo
audible trouli
seven conse

40.3.2 Tod
been depletq
hours of alar
by applying
example, a

Faildire of an AC power source to an alarm shall be indicated by de-energization,of]

ner loss nor restoration of power shall cause an alarm signal ander either n
least 1/2 hour) power outage conditions. Momentary energization of the
1 second), and energization of the trouble circuit (maximum_0f"2 minutes), is n

nal. A gradual increase to 110 percent of rated voltage-or reduction to 0 vo

ate of not greater than 5 volts per minute shall not resglt in energization of the
for more than 1 second.

ition, shall not result in a false alarm (or pre=alarm) and shall not prevent the op
its for alarm.

'y powered primary or secondary units

larm that uses a battery as the_main source of supply shall be capable of produ
least 12 hours at the battery voltage and/or current at which an audible tro
lowing the alarm signalthe source of supply shall then be capable of provid
le signal indication.«The trouble signal is to be produced every 30 — 60 +109
Cutive days.

etermine campliance with 40.3.1, three samples shall be equipped with batterig
d to the tfouble signal level. The samples are to be placed in alarm for 12 hours
I, thestrouble signal shall persist for at least 7 consecutive days. A fresh batte
B 1. percent or smaller loading factor based on the ampere hour rating of th
1000 milliampere-hour rated battery would be depleted by applying a 10 m

a "power-on"

nomentary or
alarm circuit
pt considered
ts from rated
Blarm (or pre-

of power to a single unit of a multiple stationyalarm configuration, while engrgized in the

eration of the

cing an alarm
Lble signal is
ng 7 days of
b seconds for

s which have
. After the 12
ry is depleted
e battery. For
lliamperes (1

percent load

40.3.3

or less drain confinuously until the battery voltage reaches the predetermined test level.

If a battery operated alarm locks-in on alarm, it shall automatically transfer from alarm to audible

trouble when the battery voltage reaches the trouble signal level. If an alarm does not lock-in on alarm,
automatic transfer from alarm to trouble is not required.

40.3.4 To determine compliance with 40.3.3, two samples of an alarm that locks-in on alarm shall be
equipped with batteries which have been depleted and stabilized at just above the trouble signal level. The
samples are then to be placed in alarm and the battery voltage monitored. The samples shall automatically
transfer to audible trouble when the battery trouble voltage is reached. The trouble signal shall persist for
seven consecutive days. If the battery voltage recovers to a point where the trouble signal is not longer
emitted, the unit shall be placed into alarm again until the trouble signal is reinstituted.
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40.3.5 An alarm which uses a battery (or other applicable rechargeable energy storage media) as the
secondary source of supply shall be capable of supplying the carbon monoxide alarm with a minimum of
24 hours of power in the normal standby condition. The carbon monoxide alarm shall be capable of
producing an alarm signal for at least 12 hours at the battery voltage at which an audible trouble signal is
obtained followed by 7 days of audible trouble signal indication.

40.3.6 To determine compliance with 40.3.5 for alarms whose secondary supply is a battery (or other
applicable rechargeable energy storage media), three samples shall be powered from secondary sources
of supply (with the primary source of supply disabled) which are fully charged, or in fresh condition (see
37.2, Secondary power supply) and allowed to remain in the normal standby condition for a minimum of 24
hours. The samples shall not emit audible low battery trouble signals before the end of the 24 hour period.
Three samples shall also be equipped with secondary supplies (with the primary source of supply

disabled) whi
for 12 hours.
days. Itis pos
ampere hour

applying a 10
predetermine

40.3.7 Prim
replaceable b

404 Comp
40.4.1 If fai
electrolytic c4
be used. The
40.5 Extern
4051 Ano

to additional 1
shall not caus

Following the 12 hours of alarm the trouble signal shall persist for at least 7]
sible to deplete a fresh battery by applying a 1 percent or smaller loadingfactor
rating of the battery. For example, a 1000 milliampere-hour rated battery is
milliampere (1 percent load) or less drain continuously until the battery voltagg
] test level.

ary power for commercial vehicles shall be provided by a permanently
attery installed within the CO alarm and not from an external AC or DC source.

bnent failure

ure of a critical, limited life electronic component, such as opening or sh
pacitor, is not indicated by an audible trouble or alarm signal, then a reliable con
reliable component shall fall within the.reliability prediction described in 5.9 and |

al wiring

ben or ground fault in the 100p wiring connected from a single station carbon mo

in the leads r

40.5.2 An

e an alarm signal but shall result in an audible trouble signal. A short or double
sulting in an audijbletrouble signal or an alarm signal is not prohibited.

pen, ground\fault, or short in extra-low voltage circuit wiring among mu

ch have been depleted to the trouble signal level. The samples are then to be placed in alarm

consecutive
pbased on the
depleted by
reaches the

sealed, non-

orting of an
hponent shall
p.10.

noxide alarm

emote alarms that prevent/operation for alarm signals from any of the interconngcted alarms,

ground fault

Itiple station

interconnectgd alarms ‘or-any wiring extending to a remote signaling device is not required to be indicated
by a trouble signal if\the fault does not prevent operation of any of the interconnected units as a single
station alarm| A.ground fault shall prevent operation for alarm only if the interconnected wjring is to be
made in accofdance with Class 1 requirements of the National Electrical Code, NFPA 70, or the Canadian
Electrical Code, Part T(CSA C22.7). The installation wiring diagram shall indicate the fype of connections

to be employed.

40.5.3 An open, ground fault, or short in the extra-low voltage circuit conductors extending between the
output of a separate power supply and an alarm, which prevents operation of the alarm, shall result in de-
energization of the alarm "power-on" light.

41 Sensitivity Test
411 General
41.1.1 A carbon monoxide alarm shall operate (alarm signal) at or below the test points specified in Part

A of Table 41.1 when using the test equipment described in 41.2.1. These test points are based on plotted
limits for the 10 percent COHb curve Figure 41.1. If the alarm employs a variable sensitivity setting, test
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measurements are to be made at maximum and minimum settings. For this test, three carbon monoxide
concentrations (70, 150, and 400 ppm) are to be used as specified in Part A of Table 41.1.

Equation For de|

in which:

Figure 41.1

Carbon Monoxide Concentration (ppm CO) Versus Time (minutes)

1800

1600

Carbon Monoxide Concentration
PPM CO VS. MINUTES

A — 50% COHb (Permanent Brain Damage — Death)
Frasiisiias B — 45 oma_and Permanent Brain Damage,
\\\\ \ C — 40% COHb (Collapse)
1200 i D — 35% COHb (Vomiting)
\ E — 30% COHb (Drowsy)
‘\ F — 25% COHb (Headache and Nausea)
< \ G — 20% COHb (Headache)
E' "\ H — 15% COHb (Slight Headache)
[_ o 4 \ I _ 10% COHb (None)
\ J — 5% COHb (None)
400) 9 &\t\:\
~ o —F——
s \\_\\\
~— F T—] —
~ | e T——+—
100 = T
i J
20 40 60 80 100 120 140 160 180 200 220 240

S3506

ermining estimated percent COHb in blood?

%COHp; is the percentage of COHb at time ¢,

%COH

tis the

time,in minutes, and

B is 0.0484-theawy-workefford-

@ A proposal for evaluating human exposure to carbon monoxide contamination in military vehicles, Steinberg, Nielson, March 1977,
AMCMS Code 672716.H700011; Coburn, R.F., Forster, R.E., & Kane, P.G. Considerations for the physiological variables that
determine the blood carboxyhemoglobin concentration in man. Journal of Clinical Investigation, 1965, 44 1899-1910.

Hb, = %COHb, [eY/*] +218[1 - ¢ “****] [0.0003 + (ppm CO

b, is the percentage of COHb in the blood at time 0O,

1316)]
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Table 41.1

Carbon Monoxide Concentration Versus Time for Alarm Test Points Based on 10 %

Carboxyhemoglobin (COHb)

A. Carbon monoxide concentration and response time

Concentration, ppm Response time, minutes

60 — 240
10-50
4-15

70 £5
150 £5
400 £10

B. False alarm — carbon monoxide concentration resistance specifications

Exposure-time{(no-alarm)—

30 days

60 minutes

4112 Aca

of Table 41.1

!

on monoxide concentrations (70 and 30 ppm) are to be used as specified in Part B of Table

sensitivity se
least two car
41.1. It is nof
points outline

41.1.3 Asin
the limits spe

41.2 Teste

4121 The

foot (0.0283 m?3), constructed so as to permit accurate monitoring and control of chamber air

d in Table 41.1 provided the gas concentration is in excess of 30 ppm carbon mg

gle station carbon monoxide alarm employingia.secondary power supply shall 9
Cified in 41.1.1 when operating from the secandary power supply.

bon monoxide alarm shall not operate (alarm signal) below the test.points spec
, When using the test equipment described in 41.2.1. If the alarm employ
ing, test measurements are to be made at maximum and minimum settings. Fd

prohibited for a pre-alarm signal to occur prior to thé-exposure time specifie

Juipment

carbon monoxide alarm shall be(installed in a chamber, having a volume of at

fied in Part B
s a variable
r this test, at

i for the test
noxide.

perate within

least 1 cubic
temperature
ns shall be

cified by the

and humidity and oxygen and carbon.-monoxide concentrations. The following conditi
established within the test chamber and‘maintained throughout the test:
a) Ambient temperature~at 23 £3 °C (73.4 £5 °F) or a higher temperature if spe|
manufacturer,
b) Relative humidity‘at 50 £20 percent,
c) Oxygen eoncentration at 20.9 +1 percent,
d) Air movement within the test chamber shall be within 16.0 £7 fpm (0.08 m/s), and

e) Supply voltage, if applicable, adjusted to 100 percent of rated input voltage.

41.3 Testm

41.3.1

ethod

Twelve alarms shall be conditioned for 48 hours under the ambient conditions specified in 41.2.1.

41.3.2 The alarms shall then be placed in a test chamber, either individually or in a group, and operated
for 15 £5 minutes. The test chamber shall then be sealed. Carbon monoxide shall be introduced into the
test chamber and slowly circulated in the chamber to produce a uniform concentration of 70 +5 ppm. This
level of carbon monoxide shall be established within 3 minutes after sealing the chamber and shall be
maintained throughout the remainder of the test. Once the specified carbon monoxide level has been
established, the alarms shall actuate within the time range specified in Table 41.1 (see 41.1.1), but not to
exceed 240 minutes.
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41.3.3 The test chamber shall be purged with fresh air to remove all carbon monoxide. The carbon
monoxide alarms shall be reset according to the manufacturer's instructions, and the test described in
41.3.2 shall be repeated with the carbon monoxide concentration maintained at 150 +5 ppm. The alarms
shall actuate within the time range specified in Table 41.1 (see 41.1), but not to exceed 50 minutes.

41.3.4 The test chamber shall be purged with fresh air to remove all carbon monoxide. The carbon
monoxide alarms shall be reset according to the manufacturer's instructions, and the test described in
41.3.2 shall be repeated with the carbon monoxide concentration maintained at 400 £10 ppm. The alarms
shall actuate within the time range specified in Table 41.1 (see 41.1), but not to exceed 15 minutes.

41.3.5 The test chamber shall be purged with fresh air to remove all carbon monoxide. The carbon
monoxide al i 'S | i ber shall be
sealed. Condlitions within the chamber shall be 23 £3C, 50 +20 percent RH. The atmosphere within the

chamber sh
humidity. Ca

of CO injection shall be determined by the operator through calculation or from previous test

attain a cong
initial injectio]
chamber for
chamber shg
ppm. Alarms

41.3.6 Afte
produced by
clean air val
proceeding W

41.4 Unifo

4141 The
for one alarni
41.3.4. If an
alarms must

42 Selectiy
421 The a

42.3 — 42.6,
intended to r

Il be mixed in a manner that ensures uniformity of gas concentration;. tem
bon monoxide shall be injected into the chamber at a constant rate for 80,%0.3

entration increase of 16 ppm CO per minute. The CO injection rate“shall not
h rate by more than 10 percent for the 30 £0.3 min injection period/After injectin
30 0.3 min., CO gas introduction shall stop and carbon monoxide concen
Il be monitored for a period of 3 £0.3 min. to assure a stable CO concentratiq
during this test shall activate after 19.0 min and before/30.0 min.

- each exposure to 70, 150, and 400 ppm CQ_as outlined in 41.3.2 — 41.3]
the sensing portion of the alarm shall reset qr.réfresh to a value correspondin
e (less than 2 ppm CO) within 16 hours, or less as specified by the manufa
ith the next test. In no case shall recovery{ime exceed 16 hours.

'mity of operation

alarm shall be uniform in opgration so that the readings of the response time
shall be within 50 percent df the overall average of all 12 alarms tested in 41.3.
alarm has a variable sensitivity setting, the requirement applies to each setti
respond within the limits as specified in 41.1.1.

ity Test

arm (or_pre-alarm) shall not sound when an alarm is exposed sequentially, as
to the\concentrations of gases and vapors shown in Table 42.1. These sU
epresent air contaminants found in the vicinity of an installed alarm.

perature and
min. The rate
experience to
vary from the
g COinto the
tration in the
n of 480 15

14, the signal
g to the initial
cturer, before

concentration
P,41.3.3, and
ng tested. All

described in
bstances are

Table 42.1
Gas and Vapor Concentrations
Substance Concentration, ppm
Methane 500
n-Butane 300
n-Heptane 500
Ethyl acetate 200
Isopropyl alcohol 200
Carbon dioxide 5000

Table 42.1 Continued on Next Page
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Table 42.1 Continued
Substance Concentration, ppm
Ammonia 100
Ethanol 200
Toulene 200
Trichloroethane 200
Acetone 200

42.2 Calculate the interior volume of the test chamber used in 41.2.1. From this volume, calculate the

amount of ea

42.3 Ensurg
the chamber

42.4 Using
chamber at a
concentration

425 Allow t
not sound.

42.6 Purge
chamber for
time exceed

until the alarnmy has been exposed to all substances(lt is not required that exposure to the sub

LN lest substance necessary 1o supply the concentrations givenin Iable 4Z.1.

A syringe or equivalent device, add the calculated amount of the first substa

rate and in a location such that it is well mixed with the air and.does not cause |
S,

he alarm (or pre-alarm) to remain in the chamber for2hours. During this time th
the chamber with clean air to remove all of,the test atmosphere. Maintain clg

h recovery time of 16 hours or as specified by the manufacturer. In no case s
6 hours. Reseal the chamber and repeat the test using another substance fro

that the chamber has been well ventilated with fresh air. Place the alarm'in opg¢ration inside

and allow it to run for 15 £5 minutes. Close and seal the chamber to prévent air infiltration.

nce into the

bcalized high

e alarm shall

an air in the

hall recovery
M Table 42.1
stances be in

any particulan order.

42.7 Follow|ng this test, the Sensitivity Test, Section 41, using carbon monoxide is to be performed on
the alarms. The sensitivity values usédyare to comply with those outlined in Table 41.1, Paft A — Alarm,
and Table 41]1, Part B — False alarm, except the 30 day test is to be conducted for 8 hours. All alarm
samples usedl for and tested tosthe requirements of the Selectivity Test, Section 42, shalll comply with
these requirements.

43 Sensitivity Test Feature

43.1 A sensitivity\test feature shall be provided on a carbon monoxide alarm, to simulate either

mechanically

or electrically a specified level of carbon monoxide in the sensing chamber. Th

shall be man

udally operatead anda accessibte from outside the atarm, with the atarm instafted

b test feature

as intended.

The maximum permissible measured level shall not exceed 400 ppm. The test feature when operated
shall result in an audible alarm signal of at least two full cycles to allow the user of the alarm device to

become famil

iar with the sound of the alarm.

43.2 As an optional feature, the manufacturer is permitted to include an additional wireless
communication remote test feature. If included and tested for compliance with the requirements outlined in
43.3, the remote test feature may be activated through a remote device.

43.3 Carbon monoxide alarms with a wireless communication remote device and employing a remote
test feature shall be tested in accordance with one of the following requirements:

a) The remote transmission radio of the carbon monoxide alarm shall comply with FCC Part 15.249

and th

e following frequency and field strength requirements:
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or

b) Th

and the following frequency and field strength requirements:

or

c) Th
comp,
of the

434 Four s
Each samplg
main supply

sensitivity mg¢asurement.

44  Stability

441 There

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

i) 94 dBuV/m @ 3m

b remote transmission radio of the carbon monoxide alarm shall comply with-FC

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

2) Field strength

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

e manufacturer shall provide a defined test procedure, test frequency and fie

carbon monoxide alarm doesnot exceed 984 ft (300 m).

amples, two at maximum and two at minimum sensitivity, are to be subjecte
is to be connectedito a rated supply voltage, except that an alarm employing a
shall be tested at'the test voltage level (rated or trouble level voltage) that results

y Tests

shall'not be false alarms (or pre-alarms) of an alarm set at the maximum sen

C Part 15.247

|d strength in

iance with FCC regulations that.demonstrate the open field (line of sight) transiission range

d to this test.
pattery as the
in the lowest

sitivity setting

when two re

Tesentative Sampies are ptaced 1 the testthamber as specifiedim 4t 21

o additional

samples are to be tested as described in 44.2. Momentary energization of the alarm (maximum of 1
second) does not constitute a false alarm (or pre-alarm) during this test. Alarms are to be conditioned for

not less than

48 hours under the ambient conditions specified in 41.2.1.

a) Place two representative carbon monoxide alarm samples in a test chamber and provide power
to the alarms for 15 +5 minutes. The test chamber is then to be sealed. Carbon monoxide is then to
be introduced into the test chamber and slowly circulated in the chamber to produce a uniform
concentration of 70 +5 ppm. This level of carbon monoxide is to be established within 3 minutes
after sealing the chamber and is to be maintained throughout the remainder of the test. Once the
specified carbon monoxide level has been established, the alarms shall not operate for alarm
before 60 minutes has expired.


https://ulnorm.com/api/?name=UL 2034 2024.pdf

48

UL 2034

JUNE 3, 2024

b) False alarm tests are to be conducted using the procedure specified in (a) except at a carbon
monoxide concentration of 30 £3 ppm for 30 days. Under this test condition, no actuation of the

alarm

shall occur.

c) Ten cycles of temperature variation between 0 and 49 °C (32 and 120 °F) are to be conducted.
The time of cycling from one extreme to the other is to be a maximum of 1 hour and a minimum of 5
minutes, and not less than 15 minutes at each temperature level.

d) Fifty cycles of momentary (approximately 1/2 second) interruption of the alarm power supply at a
rate of not more than 6 cycles per minute are to be conducted, followed by 10 cycles of very rapid
OFF — ON switching (each consisting of 3 OFF — ON sequences in 1-1/2 seconds) to simulate a
loose wire connection in the home or an automatic reclosing circuit in the distribution line, at not

more
conjur

44.2 Four s
samples shal

a) Two alarm samples are to be tested sequentially, to the tests referenced above, in

order:
limits
testis

b) Twq
days.

c) Twg

d) Twq
51.2

44.3 Forred
a)77.]
b)

77

c) 77.1
Two additiona

444 For eit

lo 4 l H 4 | P 4 lasloitaal tlo ot L td toal 1
uiart 1 byblc MET THITTULG. 1TU 1o TIUL PITUTITVICU U'iat Uallcly UpClhailcu diaritio

ction with the Battery Replacement Test, Section 70.

ets (five sets for testing to the requirements in Section 76) of two.represe
be subjected to a series of tests as outlined in 41, 42, 44.1, 50, and 51.

41, 44.1(a), 44.1(c), 42, and 50.1. The sensitivity reading shall not, in any case
specified in Table 41.1, Part A-Alarm, and Table 41.1, PartB-False Alarm, excep
to be conducted for 8 hours.

alarm samples are to be tested according to 44.1(a), Stability Testing, in 30 py

alarm samples are to be tested accordingto-50.2, Effect of shipping and storag

alarm samples are to be tested according to 51.1, High Humidity (52 °C/95 per
ow Humidity 23 °C/15 percent RH):

reational approval (see Section 76), the following substitutions are to be made:
| (a), 66 °C, replaces 50.1,49 °C;

| (b), minus 40 °Cyreplaces 50.1, 0 °C; and

| (c), 61 °C/93percent RH, replaces 51.1, 52 °C/95 percent RH.

| alarm‘samples can be used for testing to the requirements of 77.1(a).

ner a residential or a recreational evaluation, a CO alarm manufacturer may ch

be tested in

htative alarm

the following
, exceed the
t the 30 days

m CO for 30

14

cent RH) and

bose to have

its samples run through any of the tests in 44.2 or 44.3 sequentially, due to shortage of test c

equipment.

hambers and

445 A total of four alarms employing a maximum sensitivity setting are to be mounted in a position of
normal use, energized from a source of supply in accordance with 37.3.1, and subjected to the tests in
44.1 and 44.2.

45 One Year (minimum) Sensor Stability Test for CO Sensors

45.1

45.1.1

General

chamber (test fixture) that shall allow for the following:

A minimum fifteen samples of the carbon monoxide (CO) sensor shall be placed within a closed
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a) Logging of the manufacturer’s defined sensor output parameters;

b) Control of the rate of CO gas injection to reach the target gas concentration within 3 minutes;

c) Recommended/supporting electronic detection circuitry, which shall be supplied by the sensor
manufacturer for each gas sensor under test;

d) Application of the target CO gas concentration for a minimum of one year as follows:

1) For sensors intended to detect CO, all sensors shall be exposed to a minimum of 15 £3

ppm of CO for a minimum of one year.

2) For a CO gas sensor that is intended to detect more than one gas, the manufacturer shall

452 Testd
4521 The
a) Ift
calibr]

target
speci

b) If
to req

maintpined to within +20, -5 % of the target-gas concentration.

c) Fo
move

identify each specific gas type that the sensor is intended to detect;

3) Sensor data from the manufacturer shall be provided demonstrating
performance when subject to each gas specified in (2).

as

test CO gas concentration that envelopes the CO sensor shall be maintained as

ne target CO gas concentration flows directly from a.gas cylinder onto the sensg
btion cup provided by the manufacturer, the gas cylinder shall be accurate with
concentration. The calibration record for the gas cylinder shall be based o
ic traceability standard, or

ne sensors are placed within a test chamber with the test CO gas diluted within
ch the target gas concentration, the CO gas concentration within the test cha
[ (a) and (b), the manufacturer shall demonstrate that the gas flow across the
ment within the chamber shows the:

1) Airflow is sufficient to uniformly mix the gas,

2) Airflow does not exceed 16 17 ft/min (4.88 m + 2.1 m/min) or,

airflow-js “verified to not affect the intended operation or manufacturer’s

hemogeneous mixture of the test and/or target CO gas which may be heavier

the sensor’s

follows:
r,i.e., using a

n +2 % of the
h the country

the chamber
mber shall be

sensor or air

3) Airflowsif'in excess of (c)(2), may be increased or decreased but only if the change in

performance

specifieations for the sensor. The increase in air flow shall only be used to pfovide a more

br lighter than
inimum level

air, thus requiring a change in airflow. The airflow shall be set to the m

necessary to maintain a homogeneous mixture of the target CO gas.

d) The relative humidity for the test CO gas that envelopes the sensor or environment that the
sensor is within shall be maintained at 50 £20 % for the duration of the test.

e) The temperature for the test CO gas that envelopes the sensor or environment that the sensor is
within shall be maintained at 23 +3 °C (73.4 £5.4 °F) for the duration of the test.

f) For manufacturer temperature and humidity specifications in excess of (d) and (e), ambient test
conditions may also be conducted based on the manufacturer’s specifications.

g) If the manufacturer’s sensor specification document identifies recommended temperature and/or
humidity compensation in excess of (d) and (e), then the tests noted within Section 45 shall also be
conducted:
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1) For a minimum of one year at the temperature and relative humidity as specified by the
manufacturer;

2) With the manufacturer’s provided compensation circuitry for each sensor.

h) If required by the CO gas supplier, gas cylinder maintenance procedures for CO gases that have
a life expectancy or scheduled maintenance shall be provided.

45.2.2 For target CO gas concentrations exceeding 0.04 % of the total gas concentration, Oxygen (O,)
measurements shall be recorded to demonstrate that the O, concentration remains at 20.9 %.

45.2.3 The balance gas, either in the gas cylinder or within the test chamber, shall be as follows:

a) TheL sensor manufacturer shall identify the gas type, gas concentration andcthe

conce

b) Fo
excee
specif
gas u

manuffacturer’s defined balance gas.

45.2.4 If the
sensor manu
concentration
section 45.4.

balance gas
htration(s) that the sensor is intended to be subject to during normal operation;

balance gas identified as “clean air,” it shall be verified to consist’of a con
ding — 20.9 % O, (Oxygen) — Balance N, (Nitrogen). With a target gas congentration as
ed in 45.2.2, the gas cylinder calibration certificates may be used to verify that the balance
sed in the gas tests defined in 45.2.1 (a) and (b) are representative of clean air or the

nposition not

test gas concentrations and performance of the £0.sensor is not altered or {mpaired, the
acturer may provide alternative gas injection, gas_maintenance, target gas and| balance gas
s, methods, and ambient test conditions inkaddition to the requirements odtlined within

45.3 Sens

45.3.1

Each CO sensor shall be energized)with the manufacturer’s recommended eleqg
design. This glectronic circuit shall be included as supporting hardware for each sensor. The &
digital output /measurements/data from.the’sensor/circuit and gas analyzer (when used) shal
at least once pvery 15 minutes for the test duration with the minimum data:

data collection

tronic circuit
nalog and/or
be recorded

a) Recorded and maintained in a format that is agreed between the test orgapization and

manufacturer, and

b) Th

every thirty ddys (monthly) for the duration of the test program.

45.3.2 The $ensor data shall include but may not be limited to:

test method and data collection shall be reviewed by the test organization at least once

a) All

gas cylinder(s) calibration details that include gas supplier, cylinder identification, gas

tolerance, CO gas concentration and balance gas concentration and,

b) All ambient environmental test conditions as specified in 45.4 and,

¢) Unedited (raw), analog and/or digital output measurements/data from the sensor/circuit and,

d) Where applicable, converted data that correlates the sensor/circuit data to the intended gas
concentration and,

e) Calibrated reference analyzer data (if applicable).
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45.3.3 The manufacturer shall provide the necessary information to convert the analog and/or digital
output measurements/data from the sensor to a correlated test gas concentrations. This information shall
also be provided in the manufacturer’s specification documentation included with the sensor.

45.3.4 If the test CO gas concentrations and performance of the sensor are not affected, the sensor
manufacturer may provide alternative data collection methods and equipment to those defined in 45.3.1
through 45.3.3.

45.4 CO sensor sensitivity test

4541

At the start and end of the one-year test, and at least once monthly, the sensitivity of each sensor
shall be checked-and-recorded-as-follows:

a) 0 ppm (clean air, 20.9 % O, — Balance N,) or within the tolerance accuracy of-the g
devicg(s), and

b) CQ sensors shall be exposed to the test gas concentrations as defined in the Se
Sectipn 41;

c)M

454.2 The
45.4.1 foran

4543 The
a)ln
b) WH

c) WH

4544 The

of sensors and include the following:

imum test CO gas concentration defined by the manufacturer:

sensor shall be subjected to the test CO gas requirements specified in 45.1 thrg
ninimum duration of one year.

CO sensor drift for all sensors shall not exceedthe CO sensors’ specified tolera
lean air and/or,
en exposed to CO gas over the course of one year and/or,

en subjected to each ambientenvironmental condition.

manufacturer’s sensor doc¢umentation shall be provided with each sensor or wi

as monitoring

nsitivity Test,

ugh 45.4 and

NCe ranges:

th each batch

a) The CO sensor’s gpeeified tolerance and/or
b) If [applicable;“a' custom calculation method required to verify the CO sensor’s sensitivity
performance¢ This calculation method shall be used to verify that the test data collected during

perfo
custo

maneestesting remains within the manufacturer’s defined limits which are
M sensitivity calculation method.

based on its

46 Velocity-Sensitivity Test

46.1 Test procedure

46.1.1

+7 fpm (0.08 m/s) (as conducted in the test chamber sp
17.5 m/min), as specified in 46.1 — 46.3.

When tested in accordance with the sensitivity tests outlined in Section 41, the air velocities are to
be separately maintained at 16
Section 41) and 300 25 fpm (91

ecified in the

46.1.2 The carbon monoxide alarm shall not produce a false alarm signal or exceed the alarm limits
specified Table 41.1 when subjected to the tests specified in this section. The “false alarm” requirement for
30 ppm, as specified in Table 41.1, shall be conducted for 60 minutes.
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46.1.3

shall also be subjected to an effect of air velocity as specified in 46.3.

In addition to 46.1.1 and 46.1.2, carbon monoxide alarms intended for use in commercial vehicles

46.1.4 Two carbon monoxide alarms shall operate within the sensitivity limits defined in Section 41 and
as modified in the requirements of this section. Each carbon monoxide alarm shall be subjected to the
sensitivity test:

a) At a velocity of 16.0 £7 fpm (0.08 m/s),

b) Followed by a velocity of 300.0 fpm (1.5 m/s) £10 percent, and

¢) Commercial vehicle CO alarms shall then be subjected to the effect of air velocity test as

specif

46.1.5 The
concentration

46.2 Duct test equipment

46.2.1 The
produce a ho
are adjustabl
cross section

downstream [i8 feet (2.44 m)] from the nearest bend.

a) Tes
(2.0 m
metal.

b) Vel

ol V. Wallls)
CU ITT =5VU.J.

CO alarm may be manually or electronically reset prior to subjecting the sample
during each air velocity specified in 46.1.4.

ollowing items refer to Figure 46.1. Alternate configurationis nay be used provi
mogeneous mixture of carbon monoxide across the detector head or gas sampli
b from 300 to 4000 fpm (1.52 to 20.3 m/s). At the carbon monoxide alarm tes
is to be 1 square feet (0.093 m?) and the alarm4s't6 be located at least eigh

t Duct — An oval-shaped duct assembly 30{eet, 7 inches (9.3 m) long and 6 f|
) high, with a total effective duct length of.69 feet (21.0 m), constructed of galv

pcity Damper — Manually controlled, secondary velocity adjustment damper proy

portio

provided.

¢) Mofor and Belt Drive? — Single-phase, capacitor type motor rated 240 volts AC, 3
1750 fpm used in conjunction with an adjustable belt, drive-speed selector.

d) Air Btream Straightener — Aluminum honeycomb, 1/4 inch (6.4 mm) cell size. Overa

are t

employed only-when the cell size length-to-diameter ratio greater than 10.

e) Tegt Samples — Removable mounting plates are provided on the top and side o
installgtion of test samples. Five velocity probe inlets, spaced 2 inches (50.8 mm) apan

of test duct for adjustment.of air velocity at the low end of the range. A lock

be 12 by."2 by 3 inches (304 by 304 by 76 mm). An equivalent honeycqd

5 to each CO

Hed that they
ng tubes and
location the
t duct widths

eet, 7 inches
anized sheet

ided in lower
ng feature is

horsepower,

| dimensions
mb shall be

the duct for
t, are located

2 feet

(0.6 m) upstream from the samples under test.

f) CO Analyzer Sample point — Test point for CO Analyzer shall be located 12 £0.5 inches away
from the center of the sample.

g) Exhaust — Metal damper provided for control of smoke exhaust. Provided with a locking feature
in both open and closed positions.

2 A blower intended for this purpose is No. 412-12A manufactured by Lau Inc.
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46.3 Effect

46.3.1 The
specified in (

a) Tw
and

b) Op|

46.3.2 Two|
one in the hg
recommends
46.3.1(a) ang

46.3.3 For
cycle of chan

a) Ste
b) Re

Figure 46.1
Air Duct Test Equipment

30ft7n
| 716in (9.32m)
2.29m)
4ft6in 121t3in (3.74 m)
(1.37 m) _ 71 0
- 5t 15in 46in In in
‘ ‘(1.52m) (o_3elm) " (1.47m) | (0.94m (1.02m)
=~ " a2 @zi
P ANGICaY (061m) 0s4m) [
N "VDE N
N ) [ , \
Lo A )
| / |
|
@ @ 61t 7in
2.01m)

$2266b

of air velocity — Commercial vehicles

h) and (b):

enty-five cycles of change in a duct air velogity from 0 fpm to 4000 £300 fpm (2

eration for 2 hours in a duct air streany¥having a velocity of 4000 +300 fpm (20.3

carbon monoxide alarms shall*be mounted in a position of intended use (see
rizontal plane and in turn one'in the vertical plane, energized from one of the n
d battery models, in accordance with 37.3, and subjected to the test condition
46.3.1(b).

the test in 46.3-1(a), the change in air velocity is to require no more than 10 s
ge shall be cenducted as follows:

rt at zerowvelocity,

bchr 4000 fpm in not more than 10 seconds,

e shall be no false alarms of a CO alarm when~subjected to each of the tgst conditions

D.3 £1.0 m/s),

1.0 m/s).

Figure 46.1),
anufacturers’

s specified in

econds. Each

c) Ma

intain the velocity in (b) for at least 30 seconds, and

d) Return to zero velocity in not more than 10 seconds.

47 Temper

47.1

ature Test

greater than that indicated in Table 47.1, under any condition of operation.

The materials or components employed in an alarm shall not be subjected to a temperature rise

Exception: If failure of a component results in an audible trouble signal, the temperature rise of the
component in the standby condition is not bound by the limits in Table 47.1, but in no case shall it be

greater than

the temperature permitted under an alarm condition.
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Table 47.1
Maximum Temperature Rises
Normal standby, Alarm condition,
Device or material °C (°F) °C (°F)
A. COMPONENTS
1. Capacitors 25 (45) 40 (72)
2. Fuses 25 (45) 65 (117)
3. Rectifiers — At any point
a) Germanium 25 (45) 50 (90)
b) Selefiitm 25 35) 50 (90)
c) Silicgn
Makimum 60 percent or rated volts 50 (90) 75 (135)
60 percent rated volts 25 (45) 75 (135)
4. Relays gnd other coils with:
a) Clas$ 105 insulated windings
Thgrmocouple method 25 (45) 65 (117)
Resistance method 35 (63) 75 (135)
b) Clas$ 130 insulated windings
Thgrmocouple method 45 (81) 85 (153)
Resistance method 55 (99) 95 171)
5. Resistorg?
a) Carbpn 25 (45) 50 (90)
b) Wire|jwound 50 (90) 125 (225)
c) Othef 25 (45) 50 (90)
6. Sealing gompounds 15 °C (27 °F) less than its mjelting point
7. Solid-stdte devices See note b
B. INSULATED|CONDUCTORS®
1. Appliange wiring material 25 °C (45 °F) less than the terperature limit
of the wire
2. Flexible ord 35 (63) 35 (63)
C. ELECTRICAL INSULATION — GENERAL
1. Fiber usg¢d as electrical insulation or cord bushings 25 (45) 65 (117)
2. Phenoligcomposition used as electric insulation or as parts where 25 (45) 125 (225)
deterioratior-willresuitin-a-risk-otfire-orelestric-shosk
3. Varnished cloth 25 (45) 60 (108)
D. GENERAL
1. Mounting surfaces 25 (45) 65 (117)
2. Wood for other combustible material 25 (45) 65 (117)

@ The temperature rise of a resistor other than a line voltage dropping resistor may exceed the value shown if the power
dissipation is 50 percent or less of the resistor manufacturer's rating.

® The temperature of a solid-state device (for example, transistor, SCR, integrated circuits), shall not exceed 50 percent of its
rating during the normal standby condition. The temperature of a solid-state device shall not exceed 75 percent of its rated
temperature under the alarm condition or any other condition of operation which produces the maximum temperature dissipation
of its components. For reference purposes 0 °C (32 °F) is to be considered as 0 percent. For integrated circuits the loading factor
shall not exceed 50 percent of its rating under the normal standby condition and 75 percent under any other condition of operation.

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Normal standby,
°C (°F)

Device or material °C

Alarm condition,

(°F)

conditions:

1) The component complies with the requirements of Military Standard 883C.

components, either on an individual basis, as part of a subassembly, or equivalent.

followed b ted

Both solid-state devices and integrated circuits may be operated up to the maximum ratings under any one of the following

2) A quality control program is established by the manufacturer consisting of inspection and test of 100 percent of all

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

¢ For standard jnsulated conductors other than those mentioned, reference should be made to the National Electric|
70, or the Cangdian Electrical Code, Part 1, (CSA C22.1); the maximum allowable temperature rise in any case jis 3
less than the t¢mperature limit of the wire in question.

bl Code, NFPA
5°C (45 °F)

47.2 Except as noted in 47.3, all values for temperature rises apply to equipment intend
prevailing anpbient temperatures, usually not higher than 23 +3 °C (73.4 £5 °F).

47.3 If equipment is intended specifically for use with a prevailing ambient temperature co
than 23 3 °C (73.4 £5 °F), the test of the equipment is to be made_at the higher ambient tem
allowable temperature rises specified in Table 47.1 are to bereduced by the amount of {
between that higher ambient temperature and 23 £3 °C (73.4.£5 °F).

ed for use in

nstantly more
perature, and
he difference

47.4 Tempegrature measurements on equipment intendéd for recessed mounting are to be nade with the

unit installed
on the top, si

in an enclosure of nominal 3/4 inch (19,1%mm) wood having clearance of 2 inch
des and rear, and the front extended to-be flush with the alarm cover.

47.5 Atem
5 minute inte

berature is considered to be copnstant when three successive readings, taken at
rvals, indicate no change.

47.6 Temperatures are to be measured by means of thermocouples consisting of wires n
24 AWG (0.21 mm?). The preferfed method of measuring the temperature of a coil is the

method, but ja temperature measurement by either the thermocouple or change-in-resistar
acceptable, ¢xcept that thethermocouple method is not to be employed for a temperature

at any point where supplementary thermal insulation is employed.

47.7 Thernocouplés’ consisting of 30 AWG (0.06 mm?) iron and constantan wires and a pl
type indicatjnginstrument are to be used whenever reference temperature meas

es (50.8 mm)

not less than

pt larger than
thermocouple
ce method is
measurement

otentiometer-
urements by

thermocouplgs are necessary.

47.8 The thermocouple wire is to conform with the requirements the Tolerances on Initial Values of EMF
versus Temperature tables in the Standard Specification and Temperature-Electromotive Force (emf)

Tables for Standardized Thermocouples, ASTM E230/E230M.

47.9 The temperature of a copper coil winding is determined by the change-in-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 equation:

=R (2345+1) - 2345
.

in which:
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T is the temperature to be determined in °C,
R is the resistance in ohms at the temperature to be determined,
ris the resistance in ohms at the known temperature, and

tis the known temperature in °C.

47.10 As it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown may be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after the instant of shutdown. A curve of the resistance values and the time is plotted

and extrapolated to give the value of R at shutdown.

4711 To ds
accordance W

a) Sta

b) Ala

termine compliance with this test, an alarm is to be connected to a source
ith 37.3.1 and operated under the following conditions:

hdby — (16 hours minimum). Constant temperatures,

m — (1 hour), and

c) Alatm — (7 hours or to battery depletion). Abnormal test.

4712 For t
manifestation

47.13 The g
specified in 4]

48 Overloa

48.1 Alarm

~

4811 An g
intended afte
per minute w|

consist of std

pst condition 47.11(c), the temperature limits shall be exceeded only when

larm is to be subjected to the Dielectric Voltage-Withstand Test, Section 56, fq
f.11(b) and 47.11(c).

H Test

larm other than that operating from a primary battery shall be capable of
" being subjected to B0 cycles of alarm signal operation at a rate of not more 1
th the supply circuitfo the alarm at 115 percent of the rated test voltage. Eag
rting with the (@larm energized in the standby condition, initiation of an alari

monoxide or ¢quivalent means, and restoration of the alarm to standby.

48.1.2 Rate
from the alarr
devices, or a

1 test 10ads are to be connected to those output circuits of the alarm which 3
h pewer supply, such as remote indicators, relays, and the like. The test loads s

of supply in

there is no

of a fire or approaching failure, and the alarm operaies as intended following th¢ test.

llowing tests

pperating as
han 6 cycles
h cycle shall
m by carbon

re energized
hall be those
valent load is

pdevice determined to be equivalent, normally intended for connection. If an equi

employed for a device consisting of an inductive load, a power factor of 60 percent is to be employed. The
rated loads are established initially with the alarm connected to a source of supply in accordance with
37.3.1 followed by increasing the voltage to 115 percent of rating.

48.1.3 For DC signaling circuits, an equivalent inductive test load is to have the required DC resistance
for the test current and the inductance (calibrated) to obtain a power factor of 60 percent when connected
to a 60 hertz AC voltage equal to the rated DC test voltage. When the inductive load has both the required
DC resistance and the required inductance, the current will be equal to 0.6 times the current measured
with the load connected to a DC circuit when the voltage of each circuit is the same.

48.2 Separately energized circuits

48.2.1 Separately energized circuits of an alarm such as dry contacts, shall be capable of operating as
intended after being subjected for 50 cycles of signal operation at a rate of not more than 6 cycles per
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minute while connected to a source of supply in accordance with 37.3.1, with 150 percent rated loads at 60
percent power factor applied to output circuits which do not receive energy from the alarm. There shall not
be electrical or mechanical failure of the switching circuit.

48.2.2 The test loads shall be set at 150 percent of rated current while connected to a separate power

source of supply in accordance with 37.3.1.

49 Endurance Test

49.1 Alarm

4911
operation, at
in accordang
There shall n
prohibited th
this test.

49.1.2 Sen
Endurance T
alarm, excef
Endurance T

49.2 Separately energized circuits

49.2.1 Sep

cycles at a rate of not more than 10 cycles per minute at a 50 percent duty cycle. When an

is involved, t
specified by
Tests of the §
alarm. Therg
any relay cor

Exception: If]

49.3 Audible signaling:appliance

49.3.1 The
operated for

An glarm-she

ycles per minute, with the alarm connected to a,so
e with 37.3.1 and with related devices or equivalent loads connected to(the
ot be electrical or mechanical failure or evidence of failure of the alarm cempo
At battery operated units be connected to an equivalent filtered DC power sup

a rate of not more than 10 ¢
O

est using the CO values listed in Table 41.1, Part A — Alarm, and Table 41.1, R

bst, Section 49, shall comply with these requirements:

he contacts of the device shall be caused to make and break the normal current
37.3.1. The load is to represent_that which the device is intended control. Th
eparately energized circuits ‘may be conducted in conjunction with the Enduran
shall not be electrical or.-mechanical malfunction of the alarm nor malfunction
tacts.

the contact rating is at least twice that of the load controlled, this test is not requ

audible:signaling appliance of each of two alarms shall operate as intended whe
8 hours of alternate 5-minute periods of energization and de-energization in thg

alarm condit

rce of supply
utput circuits.
ents. It is not
ply source for

5itivity measurements, using carbon monoxide, shall be “recorded before and after the

art B — False

t the 30 day test is to be conducted for 8 hours. Allalarm samples tested as part of the

prately energized circuits of an alarm_shall operate as intended, when operated for 6000

blectrical load
at the voltage
e Endurance
ce Test of the
or welding of

red.

n the alarm is
standby and

ns; followed hy 72 hours of continuous nnnrgi7a’rinn n-an alarm condition. Fo

F this test, the

alarms are to be connected to a source of rated voltage and frequency. For a battery operated alarm, a
filtered DC supply is to be employed that has an output voltage equivalent to the fresh battery voltage.

49.4 Test means

4941

A sensitivity adjustment switch, test means, or reset switch provided on an alarm shall operate as

intended after being operated for 1500 cycles at the rate of not more than 10 cycles per minute. The time
of actuation of a test means is to be sufficient to obtain at least 1 second of alarm. For this test one alarm
is to be connected to a rated source of supply voltage and frequency. This test is to be conducted either
alone or in conjunction with the endurance test of the alarm (See 49.1.1 and 49.1.2).
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50 Variable Ambient Temperature Test

50.1 Operation in high and low ambient

50.1.1 An alarm shall operate for its intended signaling performance and there shall be no false alarms
(or pre-alarms) during the exposures when tested at ambient temperatures of 0 °C and 49 °C (32 °F and
120 °F) at a relative humidity as indicated below. Two alarms, one at maximum and one at minimum
sensitivity, are to be maintained at both ambient temperatures for at least 3 hours so that thermal
equilibrium is reached. The units then are to be tested for sensitivity while connected to a source of supply

that is in accordance with 37.3.1.

50.1.2 Sen

itivitvy__measurements are to ha racorded hefaore and during the \/aria

le Ambient

Temperature
Part B — Fals
performed at

49 °C,
0°C, |

Test, Section 50, using the CO values listed in Table 41.1, Part A — Alarm,.an
e alarm, except the 30 day test is to be conducted for 8 hours. Sensitivity-te
cach of the two ambient conditions as follows:

Relative humidity = 40 £10 percent

Relative humidity = 15 £5 percent

i Table 41.1,
s5ts are to be

Oxyggn Concentration = 20.9 £1 percent
All alarm samples tested as part of the tests in this section shall €omiply with these requirements.
50.1.3 Both|units shall operate as intended in both ambient-conditions. The sensitivity readihgs shall not,
in any case, [exceed the limits specified in Table 41.1Part A — Alarm, and Table 41.1, Part B — False

alarm, excepf
50.2 Effect

50.2.1 The
representativ

50.2.2 Two
manufacturin
be subjected
allowed to co
40 °F) for at

samples are {
60 °C for 20

the 30 day test is to be conducted for 8 hours.

of shipping and storage

sensitivity of an alarm shall;not be impaired by exposure to high and low {emperatures

b of shipping and storage as well as storage in point-of-purchase packaging.

end product alarms, as produced in the same factory and manufacturg
) process that will'provide alarms to the consumer, and in point of purchase pach
in turn, to attemperature of 70 °C (158 °F) at 50 +30 percent RH for a period
Dl to room temperature for at least 1 hour, exposed to a temperature of minus

east 3 _hours, and then warmed up to room temperature for at least 3 hours. T|
hen to-be subjected to 50 +30 percent RH at 50 °C for 45 days, or at 55 °C for 3
Hays as selected by the manufacturer. The alarms then are to be tested for se

d using the
aging, are to
of 24 hours,
10 °C (minus
he same two
0 days, or at
nsitivity while

h27 2 4

connected to

s £ orarhain rdan AL
SUUT UGS Ul OUPPI)’ mracouruarive willr vr.J. 1.

50.2.3 Sealed point-of-sale packaging shall only be opened after the conditioning exposure is complete.
Sensitivity measurements shall be recorded, after the Effect of Shipping and Storage Test in 50.2 using the
CO values listed in Table 41.1, Part A — Alarm, and Table 41.1, Part B — False alarm, except the 30 day
test is to be conducted for 8 hours. All alarm samples tested as part of the Effect of Shipping and Storage
Test in 50.2 shall comply with these requirements.

51 Humidity Test
51.1 High humidity (non-condensing)

51.1.1 Two alarms, one at maximum and one at minimum sensitivity, shall operate for their intended
signaling performance, and there shall be no false alarms (or pre-alarms) during the exposure when
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exposed for 168 hours to air having a relative humidity of 95 +4 percent at a temperature of 52 +3 °C (125
15 °F) while energized from a source of supply in accordance with 37.3.1.

51.2 Low humidity

51.2.1

Two alarms, one at maximum and one at minimum sensitivity, shall operate for their intended

signaling performance, and there shall be no false alarms (or pre-alarms) during the exposure when
exposed for 168 hours to air having a relative humidity of 10 £3 percent at a temperature of 22 £3 °C (72
15 °F) while energized from a source of supply in accordance with 37.3.1.

51.3 Sensi

51.3.1 Sen
condition in 3

51.3.2 The
A —Alarm, a

tivity measurements

itivity measurements are to be recorded before and during exposure-to
ccordance with the Sensitivity Test, Section 41.

nd Table 41.1, Part B — False alarm, except the 30 day test is to be conducted fi

the humidity

sensitivity values using carbon monoxide shall not exceed the limits listed in Taple 41.1, Part

br 8 hours. All

alarm samplgs tested as part of the Humidity Test, Section 51, shall comply with these requirgments.

52 Leakag

52.1 Follow
shall be subj
All grounding
The leakag¢g
connection p
polarity is n
Measuremer

a) Be
and

b) Be
earth

b Current Test

ing the Humidity Test in Section 51, an alarm othef.than that operating from a pn
bcted to this test, and shall not have leakage current in excess of 0.5 milliampe
connections to the unit being tested shall be disconnected prior to making the n

olarity as indicated on the installation wiring diagram supplied with the alarm. If
ot indicated, the measurement is 0 be made with both polarities. See
t shall be made:

ween any exposed surface ofian alarm that may be contacted by a person, and

tween any interior parts of an alarm exposed to contact by a person during 5
ground.

imary battery,
re, AC or DC.
heasurement.

current measurement of a permanently~installed alarm is to be made with the supply

a connection
Figure 52.1.

earth ground

ervicing, and
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Figure 52.1
Leakage Current Measurement Circuit
POLARITY REVERSING
SWITCH
(USE BOTH POSITIONS)
Line (L) , | —I
? ) | o APPLIANCE
I ‘H/T—l—< GL—-.
120 v | N
i N | —< < °
Neutra] (Grounded) N) : | | ® | G
< | | (_ff
L ___ J
INSULATING
SURFACE
Grounding TEST
= Conductor (G) w
Building
Ground
52489
52.2 For this test the alarm is to be de-energized, removed from the humidity environment| placed on a
dry insulating surface, and immediately ‘reenergized from a rated source of supply. The leakage
measuremenI then is to be made within 5 minutes of energization while in the standby and alarm
conditions. The leakage current value is to be rms values for essentially DC (nonfiltered rect|fied AC) and
sinusoidal wgveforms up to 1 kilehertz. For frequencies above 1 kilohertz the leakage current limit is to be
the value givgn multiplied by the frequency in kilohertz up to a maximum multiplier of 100.
52.3 The test meter employed to measure the leakage current is to be an average responding AC

milliammeter
percent, and
a maximum in

that indicates the rms value of a pure sine wave, having an error of not gi
A maximum input impedance of 1000 ohms. For AC measurements, a DC millia
npedance of 1000 ohms in the test circuit, is to be employed.

eater than 5
mmeter, with

52.4

If a conductive surface other than metal is used for the enclosure or part of the enclosure, the

leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters (4 by 8 inches)
placed in contact with the surface. Where the surface is less than 10 by 20 centimeters (4 by 8 inches), the
metal foil is to be the same size as the surface. The metal foil is not to be pressed into openings and is not

toremaininp

52.5

lace long enough to affect the temperature of the sample.

If an alarm is intended for multiple station connection, leakage currents are to be measured with the

maximum number of alarms intended to be interconnected, unless it is established by circuit analysis that

the leakage ¢

urrent is independent of interconnection.
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53 Transient Tests

53.1 General

53.1.1 An alarm shall operate for its intended signaling performance and its sensitivity shall not be
affected adversely when two representative samples (one preset to the maximum and one preset to the
minimum production sensitivity) are subjected to 500 supply line (hazardous-voltage) transients, 500
internally induced transients, extraneous transients (radiated), and 60 supply line (low-voltage) circuit
transients, while energized from a source of supply in accordance with 37.3.1 and connected to the

device(s) intended to be used with the alarm.

53.1.2 Diff
alarm (or pr
subjected to
connection, {

interconnect¢

53.1.3 Sen
53.2 Supp

53.2.1
transients ing

53.2.2 For

the extraneous transients test only. When a CO alarm is intended fer/m
e transient tests are to be first conducted with an individual CO alarm, and sec
d CO alarms. The interconnecting wiring shall not exceed 12 in (300-mm).

Sitivity measurements shall not exceed the limits specified in 41.1.1.

y line (ring wave surge voltage) transients

An alarm intended to be powered from commercial AC“power shall be subject {

uced directly between the power supply circuit conductors of the alarm under te

this test, the product is to be connected.te‘a transient generator capable of

Location Category A, 100 kHz Ring Wave transient as‘defined in IEEE Recommended Prag

Voltages in L

53.2.3 Eac
pulses every
total of 250 g
ground, and

53.3
53.3.1 The

accordance
than 6 cycles

pw-Voltage AC Power Circuits, IEEE £€62.41.

N unit is to be subjected to 500 escillatory transient pulses induced at an averags
minute. Each transient pulsetis-to be induced 90° into the positive half of the 60
ulses are to be applied sothat the polarity of the transients is positive with refe
he remaining 250 pulses-are to be negative with respect to earth ground.

Internally induced transients

alarm is to be energized in the standby condition while connected to a sourc
vith 37 30+ The supply is to be interrupted for approximately 1 second at a rat
perminute for a total of 500 cycles. Following the test the alarm is operated fq

hall not false
bply are to be
ultiple-station
bndly with two

0 supply line
st.

broducing the
tice on Surge

b rate of three
hertz cycle. A
ence to earth

b of supply in
e of not more
r its intended

signaling performance.

53.4 Extraneous transients

53.4.1 Single or multiple station carbon monoxide alarms shall not false alarm (or pre-alarm) and their
intended operation shall not be impaired when subjected to extraneous transients generated by the
devices and appliances described in 53.4.2. In addition, the alarm shall respond to carbon monoxide
during application of the transient condition.

53.4.2 Two single and two sets of multiple station carbon monoxide alarms are to be energized from a
source of rated voltage and frequency and subjected to transients generated from the following devices
located 1 foot (305 mm) from the alarm, interconnecting wires, or both. The time of application for the
condition specified in 53.4.2(a) is to be at least 2 minutes. The conditions specified in 53.4.2(c), 53.4.2(d),
and 53.4.2(e) are to be applied for 10 cycles, each application of 2 seconds duration, except the last
application shall be of a 10-minute duration. Near the end of the last cycle, an abnormal amount of carbon
monoxide is to be introduced into the alarm chamber to determine whether the unit is operational for
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carbon monoxide with the transient applied. For the condition specified in 53.4.2(b), the 1-foot distance is
to be measured from the transmitter-receiver (walkie-talkie or cellular phone) antenna to the surface of the
carbon monoxide alarm.

a) Sequential arc (Jacob's ladder) generated between two 15 inch (381 mm) long, 14 AWG (2.1
mm?) solid copper conductors attached rigidly in a vertical position to the output terminals of an oil
burner ignition transformer or gas tube transformer rated 120 volts, 60 hertz primary, 10,000 volts,
60 hertz, 23 milliamperes secondary. The two wires are to be formed in a taper starting with an 1/8
inch (3.2 mm) separation at the bottom (adjacent to terminals) and extending to 1-1/4 inches (31.8
mm) at the top.

b) Energization and transmission of random voice message of five separate transmitter-receiver
units (we atkies-or—celittar-phones t-turmeachhe ving—a—S—watt-ottput-and-of grating in the
following nominal frequencies:

1) 27 megahertz,

2) 150 megahertz,

3) 450 megahertz,

4) 866 megahertz, and
5) 910 megahertz.

A total of six energizations are to be applied from¢each transmitter-receiver; five to consist of 5
seconfs on and 5 seconds off, followed by one censisting of a single 15-second enefgization. For
this tept, the walkie-talkies or cellular phones are\to be in the same room and on the same plane as
the algrm under test.

c¢) Engrgization of an electric drill rated 120 volts, 60 hertz, 2.5 amperes.
d) Engrgization of a soldering gun rated 120 volts, 60 hertz, 2.5 amperes.

e) Engrgization of a 6-inch (152-mm) diameter solenoid-type vibrating bell* with no ard suppression
and rgted 24 volts.

@ Edwards Mode| 439D-6AW vibrating/bell rated 0.075 amperes, 20/24 volt DC or equivalent.

53.5 Supply line (extra-low-voltage) circuit transients

53.5.1 Each of two extra-low-voltage carbon monoxide alarms is to be subjected to 60 transient voltage
pulses. The pulses are 10 be induced Into the alarm circuit iniended 10 be connected 1o the extra-low-
voltage initiating device circuit of a system control unit and the extra-low-voltage power supply circuit of the
alarm.

53.5.2 For this test, each circuit is to be subjected to five different transient waveforms having peak
voltage levels in the range of 100 to 2400 volts, as delivered into a 200 ohm load. A transient waveform at
2400 volts shall have a pulse rise time of 100 volts per microsecond, a pulse duration of approximately 80
microseconds, and an energy level of approximately 1.2 joules. Other applied transients shall have peak
voltages representative of the entire range of 100 to 2400 volts, with pulse durations from 80 to 110
microseconds, and energy levels not less than 0.3 joule or greater than 1.2 joules.

53.5.3 The alarm is to be subjected to 60 transient pulses induced at the rate of six pulses per minute as
follows:
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a) Twenty pulses (two at each transient voltage level specified in 53.5.1) between each circuit lead
or terminal and earth ground, consisting of ten pulses of one polarity, and ten of the opposite
polarity (total of 40 pulses) and

b) Twenty pulses (two at each transient voltage level specified in 53.5.1) between any two circuit
leads or terminals consisting of ten pulses of one polarity and ten of the opposite polarity.

53.5.4 At the conclusion of the test, the alarm shall comply with the requirements of the Normal
Operation Test, Section 38, and the Sensitivity Test, Section 41.

54 Surge Immunity Test (Combination Wave)

541 The a
after testing,

a) En
or cre

b) Ign
c) Cre

542 Thets

4-5, Electromagnetic Compatibility (EMC) Part 4-5: Testing.and Measurements Techniq

Immunity Teq
electrical deg

543 The s
Voltage/Curr

any of the following:

arm shall be subjected to the Surge Immunity Test without demonstrating, ei
ission of flame, molten metal, glowing or flaming particles through any,opening
ated as a result of the test) in the product;
ition of the enclosure; nor

ation of any opening in the enclosure that results in accessibility of energized pz

st method is to be conducted in accordance with thetesting methods described

t. The surges (five positive and five negative) are' to be applied at phase angles
rees.

urge impulse test levels in Table.54:1 are to be used (combination 1.2/50
bnt surge waveform). A separate alarm shall be used for each surge level.

Table 54.1
Surge Impulse Levels

her during or

s (preexisting

rts.
n IEC 61000-

ues — Surge
of 90 and 270

us, 8/20 ps

Peak Voltage(kV) Peak Current (kA)

1
2
3

2
4
6

544 Atthe

conclusion of the test, the alarm is to comply with the requirements of the Norr

nal Operation

Test, Section

38, and the Sensitivity Test, Section 41.

55 Surge Current Test

55.1

Test without demonstrating, either during or after testing, any of the following:

Each of three previously untested representative alarms are to be subjected to the Surge Current

a) Emission of flame, molten metal, glowing or flaming particles through any openings (preexisting

or cre

ated as a result of the test) in the product;

b) Charring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth;

c) Ign

ition of the enclosure; nor

d) Creation of any opening in the enclosure that results in accessibility of energized parts.
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55.2 The alarm is to be mounted on a ceiling surface, or other surface as recommended in the
installation instruction, covered with a double layer of white tissue paper. Each alarm is to be loosely
draped with a double layer of cheesecloth. The cheesecloth shall cover openings (for example, ventilation
openings) where flame, molten metal, or other particles are not prohibited from being expelled as a result
of the test. During this test it is not intended that the cheesecloth be deliberately pushed into any openings.

55.3 A permanently-connected alarm is to be subjected to a surge of 20 kV +10 percent at 10 kA +10
percent. The surge shall be a combination 1.2/50 us, 8/20 ys voltage/current surge waveform. The polarity
of the impulses shall be one positive applied at a phase angle of 90° (+0, -15) and one negative applied at

a phase angle of 90° (+0, -15).

56 Dielectr

56.1 An alg
sinusoidal AQ
of hazardous
voltage circui

a) For|
DC vo

b) For|
used),

c) For|
volts g

56.2 Anyre

56.3 Ifthec
line to earth
prohibited thg
56.1.

56.4 Thete
the specified

c Voltage-Withstand Test

rm shall withstand for 1 minute, without breakdown, the applicationCof”a
voltage of a frequency within the range of 40 — 70 hertz, or a DC voltage, betws
voltage circuits and exposed dead (grounded) metal parts and live*parts o
s and extra-low-voltage circuits. The test voltage is to be:

an alarm rated 30 volts AC rms (42.4 volts DC or AC peak) orless — 500 volts (
tage is used).

an alarm rated between 31 and 250 volts AC rms — 4000 volts (1414 volts, if a

an alarm rated more than 250 volts AC rms <4000 volts plus twice the rated
lus 2.828 times the rated AC rms voltage,.if.@DC voltage is used).

erence grounds are to be disconnected*prior to the test applications.

harging current through a capaeiter or capacitor-type filter connected across the
ground, is sufficient to prevent maintenance of the specified AC test voltg
t the capacitors and capacitor-type filters be tested using a DC voltage in acd]

5t voltage is to be\obtained from any convenient source having sufficient capacit
voltage. The, output voltage of the test apparatus is to be monitored. Starting

applied voltag
value is reac

56.5 A print
application of

the test. Itis not p

57 Abnorm

57.1
fire or electric

je is to be.increased at a rate of approximately 200 volts per minute until the
ed andis.fo be held at that value for 1 minute.

dswiring assembly or other electronic-circuit component that short circuits or is

N essentially
ben live parts
f hazardous-

¥O7 volts, if a

DC voltage is

oltage (1414

line, or from
ge. It is not
prdance with

y to maintain
at zero, the
required test

damaged by

al Operation Test

shock.

rohibited that a representative subassembly be tested instead of an entire unit.

rative before

An alarm shall operate continuously under abnormal (fault) conditions without resulting in a risk of

57.2 To determine if an alarm complies with the requirement of 57.1, it is to be operated under the most
severe circuit fault conditions encountered in service while connected to a source of supply in accordance
with 37.3.1. There shall not be emission of flame or molten metal, or any other manifestation of a fire, or
dielectric breakdown when tested in accordance with the Dielectric Voltage-Withstand Test (Section 56)
after the abnormal test.
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57.3 In determining if an alarm complies with the requirement with respect to circuit-fault conditions, the
fault condition is to be maintained continuously until constant temperatures are attained, or until burnout
occurs, if the fault does not result in the operation of an overload protective device. Shorting of the
secondary of the power supply transformer and shorting of a limited-life electrolytic capacitor represent
typical fault conditions. See 74.3.2.

58 Overvoltage Test

58.1 An alarm other than one operating from a main battery power supply shall operate as intended in
the standby condition at both maximum and minimum sensitivity settings and while performing its intended
function and connected to a supply source of 110 percent of rated value. If a nominal rated voltage value is
specified, th ified | an operating
is specified, the overvoltage shall be either 110 percent of the high value,of the voltage
range or 110|percent of the test voltage specified in 37.3.1, whichever is higher. Sensitivity measurements
at the increaged voltage shall not exceed the limits specified in 41.1.1.

58.2 For alarms intended for connection in a multiple station configuration;. the minimum number of
alarms specified by the installation instructions are to be interconnected with zero line resistance between
alarms and t¢sted for their intended operation.

58.3 For oIeration at the higher voltage, three alarms are to bé/subjected to the specifled increased
voltage in thg¢ standby condition for at least 16 hours, or as specified by the manufacturer, and then tested
for their interjded signaling operation and sensitivity.

59 Undervpltage Test

59.1 An algrm shall operate for its intended signaling performance while energized from g supply of 85
percent of the test voltage specified by the manufacturer and while at both maximum and minimum
sensitivity sdttings. For units powered from_aprimary battery, the test shall be conducted pt the battery
trouble signgl voltage level. Sensitivity measurements at the reduced voltage shall not exceed the limits
specified in 41.1.1.

59.2 For alarms intended for connection in a multiple station configuration, the maximum number of
alarms specified by the installation instructions are to be interconnected with either 10 ohms resistance
between alafms, or the maximum resistance specified in the installation instructions, apd tested for
intended opdration.

59.3 If the Jalarmis-provided with a standby battery the test is to be conducted at 85 percent of the
charged batteryvoltage. If the standby battery provides a trouble signal requiring replacenpent at higher
than 85 pergent/of the charged battery voltage, the test is to be conducted at the battery frouble signal
voltage level.

59.4 For operation at the reduced voltage, three alarms are to be energized from a source of supply in
accordance with 37.3.1, following which the voltage is to be reduced to 85 percent of the test voltage
specified in 37.3.1 for AC operated alarms, or the battery trouble level voltage for battery operated alarms,
and then tested for signaling operation and sensitivity.

60 Dust Test

60.1 The sensitivity of an alarm shall not be affected by an accumulation of dust, without an alarm (or
pre-alarm) or audible trouble signal being produced.

60.2 To determine compliance with 60.1, a sample in its intended mounting position is to be placed, de-
energized, in an air tight chamber having an internal volume of at least 3 cubic feet (0.09 m?).
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60.3 Approximately 2 ounces (0.06 kg) of cement dust, maintained in an ambient room temperature of
23 +3 °C (73.4 5 °F) at 20 — 50 percent relative humidity and capable of passing through a 200 mesh
screen, is to be circulated for 15 minutes by means of compressed air or a blower so as to completely
envelop the sample in the chamber. The airflow is to be maintained at an air velocity of approximately 50
fpm (0.25 m/s).

60.4 Following the exposure to dust, the alarm is to be removed carefully, mounted in its intended
position, energized from a source of supply in accordance with 37.3.1, and tested for sensitivity. Sensitivity
measurements following this test shall not exceed the limits specified in 41.1.1.

61 Static Discharge Test

61.1 The cdmponents of an alarm shall be shielded so that its operation is not adversely, alffected when

subjected to $tatic electric discharges. Operation of the trouble circuit during this test is\not

failure if the

terminate in lg¢ss than 5 seconds. The test is to be conducted in an ambient temperature of 2
15 °F), at a felative humidity of 10 5 percent, and a barometric pressure of\not less tha

mercury (93

61.2 Eachd
supply in acc
is to be conng
connected to
to be inserte
diameter me
charged by tq
each discharg
ground.

61.3 Ten dig
the capacitor
connected to

bsequent operation of the alarm is not impaired. Operation of the alarm |(or pre

Pa).

f two alarms is to be mounted in its intended mounting position and connected t
brdance with 37.3.1. If an alarm is intended to be installed on a metal junction b
cted to earth ground. A 250-picofarad, low-leakage-capacitor, rated 10,000 volts

in series with one lead. The end of each lead'is to be attached to a 1/2 ing
| test probe with a spherical end mounted>on an insulating rod. The capacit
uching the ends of the test leads to a seurce of 10,000 volts DC for at least 2
e. One probe is to be touched to the alarm and the other probe is then to be tou

charges are to be applied to.different points on the exposed surface of the alarn
5 for each discharge. Five(discharges of positive polarity are to be made W
earth ground and the othenlead probed on the alarm surface followed by five dis

considered a
-alarm) shall
B +3 °C (73.4
h 700 mm of

p a source of
bx, the alarm
5 DC, is to be

two insulated leads rated for more than 30 volts; 3*feet (0.9 m) long. A 1500 olm resistor is

h (12.7 mm)
brs are to be
seconds for
ched to earth

n, recharging
ith one lead
charges with

the polarity reversed. For an alarm intended to be serviced by the consumer, ten additional discharges

shall be appli
contacted by

61.4 Follow
not exceed th

62 Vibratio

bd as described above except each lead shall be probed, in turn, on all internal
the user.

ng the discharges, the alarm is to be tested for sensitivity. Sensitivity measur
e limits (specified in 41.1.1.

n'Test

parts that are

ements shall

62.1

alarm shall operate as intended.

An alarm shall withstand vibration without breakage or damage of parts. Following the vibration, the

62.2 To determine compliance with 62.1, sensitivity measurements following the vibration shall comply
with 41.1.1.

62.3 Two samples, one at the maximum and one at the minimum sensitivity setting, are to be secured in
their intended mounting position on a mounting board and the board, in turn, securely fastened to a
variable speed vibration machine having an amplitude of 0.01 inch (0.25 mm). The frequency of vibration
is to be varied from 10 to 35 cycles per second in increments of 5 cycles per second until a resonant
frequency is obtained. The samples are then to be vibrated at the maximum resonant frequency for a
period of 1/4 hour. If no resonant frequency is obtained, the samples are to be vibrated at 35 cycles per
second for a period of 4 hours.
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62.4 For this test, amplitude is defined as the maximum displacement of sinusoidal motion from a
position of rest or one-half of the total table displacement. Resonance is defined as the maximum

magnification of the applied vibration.

63 Replacement Test, Head and Cover

63.1

An alarm employing a cover that is intended to be attached or closed by a snap type action or a

removable head shall withstand 50 cycles of removal and replacement, or opening and closing, as
applicable, of the cover.

63.2 An alarm is to be installed as intended in service and the cover or head removed and replaced, or

opened and
Test, Section

64 Jarring

64.1 While
37.3.1,an a
service, with
without impa

Exception: A
operation is
operation of

64.2 Thea
centerofa 6
which is sec
secured to a

64.3 A 3.94
be rigidly seq

644 Anim
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energ
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64.
Test

powered by its rated source of supply, and if applicable secondary supply a
arm shall withstand jarring resulting from impact and vibration such as that e
but causing an alarm or trouble (or pre-alarm) signal, witheut.dislodgement of 3
ring its subsequent operation.

momentary audible trouble signal resulting fram “the jarring is acceptable
not affected. Dislodgement of parts is acceptable.jf the dislodged part(s) does
he unit, and there are no high voltage parts exposed.

arm and associated equipment, if any, aré-to be mounted in a position of intend
by 4 foot £1/4 inch (1.8 by 1.2 m £6.25;mm), nominal 3/4-inch (19.1-mm) thick p
red in place at four corners. AC-hardwired or AC attachment plug smoke al

by 3.94 in £10% (100 by- 100 mm £10%) steel plate, 1/8 in £10% (3.2 mm +10
ured to the center of the reverse side of the board.

bact of 3 foot-pounds (4.08 J) shall be applied once to the center of the revers
hns of a 1.18 pound (540 g), 2 inch (50 mm) diameter steel sphere either:

ung through a pendulum arc from a height of 2.54 feet (775 mm) in order to a
y; or

ppped from a height of 2.54 feet (775 mm) to apply 3 foot-pounds (4.08

manufacturer recommend “electfical” box that is secured to the plywood surfacel.

to the Jarring

5 specified in
xperienced in
ny parts, and

if the alarm
not affect the

ed use to the
lywood board
arms shall be

o) thick, shall

e side of this

bply 4.08 J of

J) of energy,

depending upon the mounting of the equipment (see Figure 64.7).
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Figure 64.1

Jarring Test
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(2)
Test Method For Unit
Intended to be Mounted

Horizontally

(1)
Test Method For Unit
Intended to be Mounted

Vertically

IP110

st is to be conducted by supporting the alarm in its intended mounting
e jarring with the alarm in the standby condition and connected to a rated sourc
ith 37.3.1.

ng the jarring test,-the alarm shall be tested for sensitivity in accordance with 41]1.1.

Brm samples, one at maximum and one at minimum sensitivity setting, are to b

position and
b of supply in

N

e placed in a

200 liter or l4
chamber. Th

rger test chamber on a platform approximately 2 inches (50.8 mm) above the

temperature in the chamber is to be maintained at 30 +2 °C (86 13 °F) anqi

pottom of the
the relative

humidity at 70 £Z percent (measured directly in the chamber). The temperature and humidity are to be
checked daily. Because of the corrosive atmosphere a set of wet and dry bulb thermometers shall be used
for measurement of relative humidity.

65.2 The following gas mixture in air is to be supplied to the chamber at a rate sufficient to achieve an air
exchange in the chamber of about five times per hour, for a period of 3 weeks: 10010 parts per billion
(ppb) (parts per billion = parts per 10° by volume) hydrogen sulfide (H,S) plus 20 +5 ppb chlorine (Cl,) plus
200 50 ppb nitrogen dioxide (NO,). The air inside the chamber is to be circulated by a single fan, with

flow upwards

from the bottom.

65.3 Following this test, the alarms shall comply with the sensitivity requirements of 41.1.1.
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66 Battery Tests

66.1 If a battery is employed as the main source of power of a single station carbon monoxide alarm, it
shall provide power to the unit under intended ambient conditions for at least 12 months in the standby
condition, including random and weekly alarm testing, and then operate the alarm for a minimum of 12
hours of alarm, followed by 7 days of trouble signal. See 40.3.1.

66.2 Six samples of the battery or sets of batteries, if more than one is used for primary power, are to be
tested under each of the following ambient conditions for a minimum of 12 months while connected to the

alarm or a simulated load to which the battery is to supply power.

a) Room Ambient — 23 +3 °C (73.4 5 °F), 30 — 50 percent relative humidity, 760 mm Hg.

b) Hid
c) Lo
d) Hu

66.3 Forth
be employeq
appropriate |
clips employ

66.4 Terminpals or jacks are to be provided on each test-fixture to facilitate measurems

voltage, star
means by a \

66.5 Prior
subjected to
and at least §

66.6 During
be recorded
voltage and

alarm conditi

66.7 Atthe
for a minimu
the test with

h Temperature — 45 °C (113 °F).
v Temperature — 0 °C (32 °F).

midity — 30 +2 °C (86 +3 °F), 85 15 percent relative humidity.

. The alarm load is to be the audible appliance intended to be used in the
pad simulating maximum alarm conditions. The battéries are to be tested in
ed in the alarm.

dby, and alarm currents. The measuring-feans is to be separated from th
viring harness or equivalent at least 3 feet(0.9 m) long.

o0 placing the battery test setups-in*the various ambient conditions, each ba
P5 cycles of alarm representings#@ndom testing. Each cycle is to consist of 5 sec]
minutes between each application.

the course of the test, the battery voltage and current in standby and alarm cg
periodically. The alarm voltage is to be recorded 3 seconds after energization
current are to be rfecorded prior to the alarm measurements. The alarm is to be
pn weekly. The'\duration of the weekly alarm test signal is to be 3 seconds.

end of the. 12 months, all batteries shall have sufficient capacity to operate thé
m of 32.hours followed by 7 days of trouble signal. To obtain the trouble signal |
the'standby current drain for longer than 12 months if necessary. The length o
jected to conditions in 66.2(b), 66.2(c), and 66.2(d) are to operate the alarm s

e test, either alarm samples or test loads simulating a maximum standby current drain are to

alarm or an
the mounting

of battery

nt
battery test

D
L
D
e

ttery is to be
onds of alarm

ndition are to
The standby
blaced into an

alarm signal
bvel, continue
time that the

batteries su

ignal shall be

less than 12 months only if the alarm is marked to indicate the battery limitations for the ambient condition
involved. In no case shall the length of time that the batteries are subjected to the condition in 66.2(b),
66.2(c) and 66.2(d) be less than 6 months.

67 Audibility Test

67.1 General

67.1.1 Except as permitted in 67.4.1, the alarm sounding appliance, either integral with the alarm or
intended to be connected separately, shall be capable of providing for at least 4 minutes, a sound output
equivalent to that of an omnidirectional source with an A-weighted sound pressure level of at least 85
decibels (db) at 10 feet (3.05 m) with two reflecting planes assumed. To determine compliance with this
requirement, the method described in 67.2.1 — 67.3.2 is to be employed.
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67.2 Sound output measurement

67.2.1 The sound power output of the alarm shall be measured in a reverberation room using
procedures outlined in ANSI S12.31 (Precision Methods for the Determination of Sound Power Levels of
Broad-Band Noise Sources in Reverberation Rooms) or ANSI S12.32 (Precision Methods for the
determination of Discrete-Frequency and Narrow-Band Noise Sources in Reverberation Rooms). The
sound power in each 1/3 octave band shall be determined using the comparison method. The A-weighting
factor shall be added to each 1/3 octave band. The total power is to be determined on the basis of actual
power. The total power is then to be converted to an equivalent sound pressure level for a radius of 10 feet

(3.05 m). An additional 6 db is to be added to allow for two reflecting planes.

67.2.2 Each

alarm is to be mounted to a 3/4 inch (19.1 mm) plywood board measuring 2 b

y 2 feet (610

by 610 mm)
reverberation

67.2.3 For
frequency. A
conditions alg

a) Nor
with s
resistsg

b) Bat

c) Battery depleted to a voltage value between‘conditions in 67.2.3(a) and 67.2.3

evaluag
voltag

67.2.4 The

adjusted to & level at which a trouble signal is obtained during the normal standby cq

resistances a
Section 39.

67.2.5 Atle
tested intercd
powered unit
alarm conneq
obtained fron
which a trou
measuremen

supported in a vertical plane, and positioned at an angle of 45° to the
room.

his test an AC powered alarm is to be energized from a source!of rated
battery powered alarm is to be energized from batteries under each of
ng the trouble signal level curve illustrated in Figure 39.2, or equivalent:

discharged battery (a battery with some unknown shelf lifej.as is purchased at &
ifficient added resistance to obtain a trouble signal (Point'D of Figure 39.2), or {
nce for the particular battery based on documented data, whichever is less.

ery depleted to the trouble signal level voltage, no-added resistance.

ted to be the least favorable for sound eutput. For a straight-line curve it is
e. For a nonlinear curve it is to be selected.

walls of the

voltage and
he following

retail outlet)

he maximum

3(b) which is
the midpoint

bquivalent of a battery shall be:.considered to be a voltage source with a serigs resistance

hd voltages used are to bethose that were determined during the Circuit Meast

ast two samples §hall be tested. Units intended for multiple-station connection
nnected as multiple-stations with the maximum line resistance as defined in ;
5 employing-a*nonrechargeable standby battery, the measurement shall be m
ted to a-rated AC voltage source, and then with the AC power de-energizeq
a standby battery depleted to 85 percent of rated battery voltage, or at the vog
blessignal is obtained. For an AC unit employing a rechargeable standby|
is.1o be made using a fully recharged battery.

ndition. The
rement Test,

shall also be
b9.2. For AC
ade with the
and energy
ltage level at
battery, the

67.3 Alarm

duration test

67.3.1 An alarm sounding appliance of an alarm powered by a primary battery that has been discharged
to the trouble level condition shall provide the equivalent of 85 db at 10 feet (3.05 m) after 1 minute of
continuous alarm operation and shall provide at least 82 db after 4 minutes.

67.3.2 To determine compliance with 67.3.1, a measurement shall be made under the following
conditions. The ambient noise level is to be at least 10 db below the measured level produced by the
signaling appliance. The alarm is to be mounted 1 foot (302 mm) from the microphone placed in a direct
line with the alarm. The alarm is then to be energized in the alarm condition and the sound output is to be
measured at 1 minute intervals, using a sound level meter? employing the A-weighting network. A
maximum of 3 db decrease from the original 1 minute reading after 4 minutes shall determine compliance
for a battery operated alarm that is providing a trouble signal.
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@ A suitable meter for the purpose is a General Radio, Type 1551, sound level meter (Type II).

67.4 Suppl

67.4.1

ementary remote sounding appliances

68 Tests of Thermoplastic Materials

68.1

68.1.1
of an alarm

68.2 Accelprated air-oven aging test

68.2.1 The
so as to in
representatiy
90 °C (194 °
of 0 — 10 per
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than 1 minu
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Exception: P
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and Applian
68.3.6.

General

all be subjected 10 the 1ollowing tests. IT possible, a complete alarm shall be usé

e shall not be excessive warping or exposure of uninsulated hazardeus-voltag
pair operation or provide access to uninsulated hazardous-veltage circui
e samples of a plastic material are aged for 7 days in a cifeulating-air oven

-), or for 28 days at a temperature of 70 °C (158 °F), and in both cases at a rel
Cent.

ast three representative samples are to be mounted on supports as intended i
oven. At the end of the aging period indicated in 68.2.1, the samples are to

The sound output of a supplementary remote sounding appliance, shall not be less than 85 dbA.

Thermoplastic materials intended for the sole support of current-carrying parts or as an enclosure

bd.

e circuit parts
parts when
maintained at
btive humidity

n service and
be removed,

cool, and then examined for adverse distortion™It is not prohibited that the alarny cover fall off

5t if no hazardous-voltage circuit parts are;éxposed and the cover is replaceable
test (3/4 inch)

n equipment is tested as described in 68.3.2 — 68.3.6, the material shall not fl
e after two 30-second applications of a test flame, with an interval of 1 mi
pf the flame. The samplée shall not be completely consumed.

arts that are molded.from materials that are classed as 5VA, 5VB, V-0, or V-2 |
Hescribed in the Standard for Tests for Flammability of Plastic Materials for Pa
bes, UL 94, are not required to be subjected to the flammability test describg

68.3.2 Thrg
at a uniform

'emperature not less than 10 °C (18 °F) higher than the maximum temperature

e samples of the equipment are to be placed in a forced draft circulating air ovg

as intended.

ame for more
hute between

by the vertical
ts in Devices
din 68.3.2 -

bn maintained
f the material

measured under normal operating conditions, and nNot 1ess than 70 “C (158 “F) in any case.
are to remain in the oven for 7 days. After cooling to room temperature for a minimum of 4 hours, the
samples are to be tested as described in 68.3.3 — 68.3.6.

The samples

Exception: Testing is required on only three unconditioned test samples when both of the following
conditions are met:

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

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

68.3.3 Three samples of the part are to be subjected to the flame test described in 68.3.5. In the
performance of the test, the equipment is to be supported in its normal operating position in a draft free
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location. Nonpolymeric portions are not to be removed and insofar as possible, the internal mechanism of
the equipment is to be in place. The flame is to be applied to an inside surface of the sample at a location
judged as capable of becoming ignited because of its proximity to a source of ignition. Each sample is to
be tested with the flame applied to a different location.

Exception: Only three unconditioned test samples are required for testing when both of the following
conditions are met:

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

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

68.3.4 With
adjacent to c(

68.3.5 The
inches) and 3
mm) height o
made to each
applications.
gas flow.

Exception: N
provide similg

68.3.6 Whe

reference to 68.3.3, the sections judged capable of becoming ignited-are
il windings, splices, open-type switches, or arcing parts.

flame of a Bunsen or Tirrill burner having a tube with a length of 100 £10 mnj
n inside diameter of 9.5 £0.3 mm (0.374 +£0.12 inch) is to be adjusted to have 3
yellow flame with no blue cone. Two 30-second applications of the tip of the flg
section of the equipment specified as indicated above, with 1 minute intervals
A\ supply of technical-grade methane gas is to be used\with a regulator and mets

htural gas having a heat content of 1000 Bfw/ft® (37 MJ/m® at 23 °C) has b
r results and is appropriate for use.

N one sample from a set of three daes not comply with 68.3.1, an additiona

to be those

(3.94 £0.39
3/4 inch (19
me are to be
between the
pr for uniform

ben found to

set of three

samples shall| be tested. All samples from the second set shall comply with 68.3.1.

68.4 Flame|test (5 inch)

68.4.1 Whe ults shall be

obtained:

N equipment is tested ‘as described in 68.4.1 — 68.4.5, all of the following reg

material shall net continue to burn for more than 1 minute after the fifth 5-secon
test flameywith an interval of 5 seconds between applications of the flame;

a) The
of the

d application

b) Fla
below

ps (305 mm)
test; and

ming.drops or flaming or glowing particles that ignite surgical cotton 12 inch
thetest specimen shall not be emitted by the test sample at any time during the

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

Exception: Parts that are molded from materials that are classed as 5VA by the five inch burning test
described in the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94, are not required to be subjected to the flammability tests described in 68.4.1 — 68.4.6.

68.4.2 Three samples of the complete equipment or three test specimens of the molded part shall be
subjected to this test. Consideration is to be given to leaving in place components and other parts that
influence the performance. The test samples are to be conditioned in a full draft circulating air oven for 7
days at 10 °C (18 °F) greater than the maximum use temperature and not less than 70 °C (158 °F) in any
case. Prior to testing, the samples are to be conditioned for a minimum of 40 hours at 23.0 +2.0 °C (73.4
13.6 °F) and 50 5 percent relative humidity. The flame is to be applied to an inside surface of the sample
at a location judged as capable of becoming ignited because of its proximity to a source of ignition. When
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more than one part is near a source of ignition, each sample is to be tested with the flame applied to a
different location.

Exception: Only three unconditioned test samples are required for testing when both of the following
conditions are met:

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

b) The thermal-aging program used for such determination included specimens having a thickness

equal

to or less than the wall thickness of the polymeric part.

68.4.3 The
test is to be
for the unsud

68.44 The
length of 100
so that when
mm). The tul

68.4.5 Whg
intended in s
or laboratory
application o
part judged

possible sou
specimen. T

cessful sample. All the new specimens shall comply with 68.4.1.

three samples shall perform as described in 68.4.1. When one sample does,n
epeated on a set of three new samples with the flame applied under the same

Bunsen or Tirrill burner with a tube inside diameter of 9.5 +0.3 mm((0-374 +0.12
£10 mm (3.94 £0.39 inches), is to be placed remote from the specimen, ignited,
the burner flame is 5 inches (127 mm), the height of the innerblue cone is 1-1
e is not to be equipped with end attachments, such as stabilizers.

bt comply, the
conditions as

inch), and an
and adjusted
/2 inches (38

n a complete enclosure is used to conduct the flameé)test, the sample is to b

hood. A layer of surgical cotton is to be located 12 inches (305 mm) belo

he test flame is to be applied to threedifferent locations on each of the three s

A supply of t¢chnical-grade methane gas is to be‘used with a regulator and meter for uniform

Exception N

b. 1: The flame is to be applied to the outside of an enclosure when the equip

encapsulated type, or of a size that prohibits the flame being applied inside.

Exception N(
provide simil

68.4.6 The
repeated unt

68.5 Impad

. 2: Natural gas having a heat content of 1000 Btu/f® (37 MJ/m?® at 23 °C) has
br results and is-appropriate for use.

flame is 40_be applied for 5 seconds and removed for 5 seconds. The oper
| the specimen has been subjected to five applications of the test flame.

mounted as

ervice, as long as it does not impair the flame testing, in a draft-free test chambgr, enclosure,

the point of

f the test flame. The 5-inch (127-mm) flame is to be applied to any portion of the|interior of the
Bs capable of being ignited (by its proximity to live or arcing parts, coils, wiring, or other
rces of ignition) at an angle of 20° from the vertical so that the tip of the blue cone touches the

mples tested.
gas flow.
ment is of the

been found to

ation is to be

ttest

68.5.1

68.5.3,68.5.4, and 68.5.5if it:

a) Does not comply with 68.5.2; or

An alarm employing a nonmetallic enclosure shall be subjected to the requirements outlined in

b) Is for use in recreational vehicles, commercial vehicles, unconditioned areas, on recreational

boats

, or

¢) Includes instructions to use an instrument other than remote electronic communication, or a

finger or thumb of a person to actuate the test and/or alarm reset/silence feature.

68.5.2 The Impact Test shall not be required if the alarm is only intended for installation on the ceiling, or
on the wall no more than 12 inches from the ceiling. For alarms complying with this installation


https://ulnorm.com/api/?name=UL 2034 2024.pdf

74 UL 2034 JUNE 3, 2024

requirement, it shall be marked with the correct mounting position as noted in 89.4(b) and the installation
instructions shall include information as outlined in 91.1(t).

68.5.3 An alarm shall withstand one 5 foot-pound (6.8 N-m) impact without exposure of live parts,
impairment of operation, or creation of a risk of electric shock.

68.5.4 The alarm is to be mounted securely in a position of intended use on a surface representative of a
typical installation. A 1.18-pound (535-g), 2-inch (50.8-mm) diameter steel sphere is to be dropped from a
height of 51 inches (1300 mm) or swung through a pendulum arc from a sufficient height to apply 5 foot-

pounds (6.8 N-m) of energy to the weakest section of the enclosure.

68.5.5 Followi

and frequend
impair the op
with the Sen

69 PaintLa

69.1 Unless
the requirem
openings, or

69.2 The exterior surface of two samples, including screened.openings, or the like are to be

a latex based

spreading rafe. The paint is to be allowed to dry for_5ays at room temperature. Folloy

samples are
alarms are
measuremen

70 Battery

70.1
withstand 50
without any r
not sound for

70.2 For thi
replaced as s

y and checked for normal operation. Cracking of the enclosure is acceptable
eration of the alarm. Sensitivity measurements recorded after the impact-test
tivity Test, Section 41.

ading Test

marked in accordance with 89.2(j), an alarm shall operateas.intended and sha
bnts of the Sensitivity Test, Section 41, after painting(if the alarm assem
Similar items are capable of becoming clogged or covered by painting.

paint which is spread at approximately two‘times the paint manufacturer's re
0 be given a second identical applicationof paint and again permitted to dry fo
s following this test shall not exceed the limits specified in 41.1.1.
Replacement Test

cycles of battery removal and replacement at a rate not to exceed 6 cycle

eduction in contaCt or mounting integrity. During battery replacement, the alarm
more than 1 second. The test shall not have an adverse effect on the operation

pecified by the manufacturer. The unit shall then be tested for its intended opera

o be tested for sensitivity befores-and after the specified paint loading.

rated voltage
if it does not
shall comply

| comply with
bly, screens,

b coated with
commended
ing this, the
5 days. The

Sensitivity

The battery clips and holders ‘of a battery operated single station carbon monoxide alarm shall

5 per minute
device shall
bf the alarm.

5 test anvalarm is to be installed as intended in service and the battery(s) removed and

ion.

71 Polarity

711

Reversal Test

A carbon monoxide alarm shall operate as intended after being connected in each polarity. While

energized under either polarity, the alarm shall comply with the requirements of the Electric Shock Current
Test, Section 72. This includes cord connected and fixed wiring (splice lead) types, battery types (main or
standby) and multiple station interconnection leads. Each polarity is to be applied for at least 24 hours on
all units unless a trouble signal or alarm (or pre-alarm) signal is obtained. For battery operated alarms
intended to be connected by a polarized clip assembly, the reverse polarity is to be applied for a minimum
of 1 second. A trouble or alarm (or pre-alarm) signal is to be not prohibited under any incorrect polarity
applied. A maximum 1-second alarm is not prohibited when the correct polarity is connected.

71.2 Two samples are to be subjected to this test. Sensitivity measurements shall comply with 41.1.1.
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72 Electric Shock Current Test

72.1 If the open circuit potential between any part that may be contacted by the probe shown in Figure
72.1 either during normal operation or during operator servicing (servicing as defined in the operating or
installation instruction) and either earth ground or any other exposed accessible part, exceeds 42.4 volts
peak, the part shall comply with the requirements of 72.2 and 72.4.
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Figure 72.1
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72.2 The continuous current flow through a 500-ohm resistor shall not exceed the values specified in
Table 72.1 when the resistor is connected between any part that is exposed only during operator servicing
and either earth ground or any other exposed accessible part.

Table 72.1
Maximum Current During Operator Servicing
Maximum current through a 500-ohm resistor,
Frequency, hertz® milliamperes peak

0-100 71

500 9.4

1000 11.0

2000 141

3000 17.3

4000 1976

5000 22°0

6000 25.1

7000 or more 275
@ Linear interpglation between adjacent values may be used to determine the maxinium allowable current correspohding to

frequencies ngt shown. The table applies to repetitive nonsinusoidal or sinusoidalwaveforms.

72.3 The dpration of a transient current flowing through a 500-ohm resistor connected ag described in
72.2 shall nqt exceed 809 milliamperes, regardless of(duration of the value determined by| the following

equation:

in which:

1.43
ETE

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

time, pnd

lis the peaKcurrent in milliamperes.

The interval between occurrences shall be equal to or greater than 60 seconds If the current is repetitive.
Typical calculated values of maximum acceptable transient current duration are shown in Table 72.2.

Table 72.2
Maximum Transient Current Duration

Maximum peak current (I) through 500-ohm resistor,
milliamperes

Maximum duration (T) of waveform containing excursions
greater than 7.1 milliamperes peak, seconds

7.1
8.5
10.0

7.22
5.58
4.42

Table 72.2 Continued on Next Page
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Table 72.2 Continued

Maximum peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containing excursions
milliamperes greater than 7.1 milliamperes peak, seconds

12.5 3.21

15.0 2.48

17.5 1.99

20.0 1.64

225 1.39

25.0 1.19

40.0 0.609
50.0 0.443
60.0 0.341
70.0 0:274
80.0 0.226
90.0 0.191
100.0 0.164
150.0 0.092
200.0 0.061
250.0 0.044
300.0 0.034
350.0 0.027
400.0 0.023
450.0 0.019
500.0 0.016
600.0 0.013
700.0 0.010
800.0 0.0083

72.4 The maximum capacitance between the terminals of a capacitor that is accessible during operator
servicing shall complywith the following equations:
C= 88,400 for 42.4 < E <400

E*InE - 1.26)

or

C=35,288E "% for 400 < E< 1000

In which:
C is the maximum capacitance of the capacitor

E is the potential in volts across the capacitor

in microfarads, and

prior to discharge; E is to be measured 5 seconds

after the capacitor terminals are made accessible, such as by the removal or opening of an

interlocked cover or similar method.
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Typical calculated values of maximum capacitance are shown in Table 72.3.

Table 72.3
Electric Shock — Stored Energy

Potential across capacitance prior to discharge, volts Maximum capacitance, microfarads
1000 0.868
900 1.02
800 1.22
700 1.50
600 1.90
500 2.52
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 11.2
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
50 124.00
A5 1+56-66
42.4 169.00

72.5 With reference to the requirements in 72.2 and 72.3, the current is to be measured while the resistor
is connected between ground and each accessible part individually or 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.

72.6 With reference to the requirements in 72.5, 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 to be considered to be able to contact parts simultaneously if the parts are
within a 4- by 8-inch (102- by 203-mm) rectangle. Two hands of a person are considered to be able to
contact parts simultaneously if the parts are not more than 6 feet (1.83 m) apart.
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72.7 Electric shock current refers to all current, including capacitively coupled currents.

72.8 If the product has a direct-current rating, measurements are to be made with the product connected
in turn to each side of a 3-wire, direct current supply circuit.

72.9 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 vacuum tube, separable
connector, or similar component in place. These measurements are to be made with controls placed in the

position that causes maximum current flow.

73 StrainR

elief Test

731 GenerLI

7311 Aco
applicable te
described in §

73.2 Powern

73.2.1 Whe
withstand for
connections

7322 A35
that the strain
relief shall ng
indicate that g

73.3 Field-yiring leads

73.3.1 Each
for 1 minute 4

to internal copnections.

73.4 Specigl connector

7341 Aco
pounds force

rd or lead that depends upon a thermoplastic part for strain relief is to be sub
5ts specified in 73.2.1 — 73.4.1 following exposure to either temperature con
0.1.2.

-supply cord

N tested in accordance with 73.1.1, the strain relief means provided on the flexi
1 minute, without displacement, a pull of 35 pounds-fofce (156 N) applied to the
vithin the alarm disconnected.

pound-mass (15.9 kg) weight is to be suspended on the cord and supported by,
relief means is stressed from any angle\that the construction of the alarm permi
t, at the point of disconnection of the,conductors, show such movement of th
tress resulted on the connections.

lead employed for field connections, including a battery clip lead assembly, sh
pull of 10 pounds=ferce (44.5 N) without any evidence of damage or of transm

hnectoer used in the lead assembly of a Class 2 or Class 3 circuit shall withsta
(22,2 N) without any evidence of damage, transmittal of stress to internal co

jected to the
ditioning test

ble cord shall
cord with the

the alarm so
Is. The strain
e cord as to

all withstand
ittal of stress

nd a pull of 5
nnections, or

separation.

74 Power Supply Tests

741

74.1.1
it is to be subj

General

ected to the testin 74.2.2 — 74.3.2.

74.2 Volt-amperes capacity

74.2.1

If a separate power supply, other than a battery, is used to provide energy to one or more alarms,

The volt-amperes capacity of the output circuit of a power supply that is separate from the alarms

shall not be more than 100 volt-amperes and not more than 30 volts, 60 hertz, 42.4 volts peak or DC.
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74.2.2 To determine compliance with the requirements of 74.2.1, a variable resistive load is to be
connected to the output circuit of the power supply. With the power supply connected to a rated source of
supply, the load is to be varied from open circuit to short circuit in an elapsed time of not less than 1-1/2
nor more than 2-1/2 minutes. Voltage and current measurements are to be recorded for each value and
the maximum volt-amperes is to be calculated. If an overcurrent protective device is provided, it shall be

shunted out during the test, if necessary.

74.3 Burnout test

74.3.1

There shall not be damage to the enclosure, charring or burning of the cheesecloth, nor emission

of flame or molten metal when a power supply is operated under the conditions described in 74.3.2. While

still in a hea
Leakage Cu

74.3.2 Wit
of voltage a
occurs. A si
test. If acce
fuses are to

75 DropTe

75.1
transient us
installation.

75.2 Analg
exposure of
sample is to
become disl
dislodged p4
condition is v

75.3 Each

a concrete f:I

is to be exa
test shall con

This tI

ent Test, Section 52, and the Dielectric Voltage-Withstand Test, Section 56.

the output shorted the supply circuit of the power supply is to be connected to g
d frequency, with the enclosure grounded, and operated for at leastyZ"hours o
gle layer of mercerized cotton cheesecloth is to be loosely draped-over the dev
sible fuses are provided on the power supply, they are to be shunted out, bu
emain in the circuit.

st

st is to be conducted only on commercial vehicle alarms and/or portable alarm
, such as a travel alarm, and is not to be%sonducted on alarms intended

rm shall withstand five drops from a height of 7 feet (2.1 m) onto a tiled concretg
internal hazardous-voltage parts._or affecting its intended operation and se
be held so that each impact with the floor is at a different location on the alarm. F
bdged unless the dislodged. part does not affect operation or sensitivity of
rt is replaceable (such as.a-éover), there are no hazardous-voltage parts exp
isually obvious.

bf two alarms is to be raised to a height of 7 feet (2.1 m) and permitted to drop fi
or covered with a 1/8 inch (3.2 mm) thick uncushioned vinyl tile. Following the d
ined for damage and tested for sensitivity. Sensitivity measurements recorded
nply with 44-1.1.

sments of the

rated source
until burnout
ce during the
inaccessible

5 intended for
for stationary

e floor without
ensitivity. The
Parts shall not
the unit, the
bsed, and the

ve times onto
rops, the unit
after the drop

CARBON MONOXIDE ALARMS FOR USE IN RECREATIONAL VEHICLES, COMMERCIAL VEHICLES,
AND UNCONDITIONED AREAS

76 General

76.1 A carbon monoxide alarm intended for use in recreational vehicles, commercial vehicles, and

unconditioned areas such as garages, attics, and the like shall comply with the requirements specified in
Sections 77 — 80, in addition to the requirements specified in Sections 1 — 75 and 82 — 91, inclusive.

76.2 Marking

76.2.1 In addition to the applicable requirements in Section 89, a carbon monoxide alarm for use in a
Recreational Vehicle, Commercial Vehicle, or Unconditioned Area shall be permanently and legibly
marked with the following information. The markings shall be in a contrasting color, finish, or equivalent, in
letters at least 3/64 inch (1.2 mm) high. Iltem (b) shall be readily visible after installation:
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a) Electrical rating in volts and amperes;

b) The type of product, such as "Recreational Vehicle Carbon Monoxide Alarm", “Commercial
Vehicle Carbon Monoxide Alarm”, or “Unconditioned Area CO Alarm” or equivalent.

¢) The markings specified in (a) — (b) shall be applied in accordance with 76.2.1 and 76.2.2. 89.5 is
not applicable for the marking requirements specified in 76.2.1.

76.2.2 For Commercial Vehicle alarms, the model number and date of manufacture shall be readily
visible on the front of the enclosure cover of the CO alarm after installation.

Exception: In lieu of the markings specified above, a set of pullout instructions that are accessible after
installation may be permanently attached to the enclosure.

77 Variablel Ambient Temperature and Humidity Test

77.1 There Bhall not be false alarms (or pre-alarms) or adverse change in pefformance when two units,
one at maximum and one at minimum sensitivity, are subjected to each of the following condit|ons:

a) Thirty days in air at 66 +3 °C (150 £6 °F);

b) At Igast 72 hours at minus 40 £2 °C (minus 40 14 °F); and

¢) Ten|days in 93 £2 percent humidity at 61 +2 °C (142.%4 °F).
77.2 Sensitivity measurements immediately after conditioning as described in 77.1 shall| comply with
41.1.1. During the sensitivity measurement, the environmental chamber is to be within the limits specified
in77.1.
77.3 During| each test condition, the alarm(is to be connected to a source of rated voliage. Battery

operated alar
or exceeds 7]
two samples,
using each be

ms and Self Contained Units\shall be powered by a battery installed in the alarm that meets
.4 during each test condition. The tests in 77.1 shall be conducted sequentiallyjon the same
and using the same battery samples for all three environments. The tests shall pe conducted
ttery model specifiedin the marking or the installation instructions.

77.4 Al ba
unconditione
specification

j:eries included\ with Carbon Monoxide alarms intended for use in recreatio
areas, or_eemmercial vehicle applications shall at a minimum have a publishe
range of no greater than minus 20 °C (minus 4 °F) and no less than 60

nhal vehicles,
i operational
"C (140 °F).

Recommendgd replacement batteries must also meet the temperature range.

77.5 Primary_and recommended replacement batteries must identify the maximum ahd minimum

temperature range as specified in 77.4.

77.6 Batteries shall be tested in accordance with all applicable battery tests outlined within this standard
and the battery operating range specified in 77.4 using the methods specified in Battery Tests, Section 66.

78 Corrosion (Salt Spray) Test

78.1 An alarm shall operate as intended and shall not false alarm (or pre-alarm) after exposure for 48
hours to a salt spray in accordance with the procedure specified in the Standard for Salt Spray (Fog)
Testing, ASTM B117-85.

78.2 Two alarms, one at maximum and one at minimum sensitivity, are to be subjected to the salt spray
while in a de-energized condition. Following the exposure, the samples are to be removed, dried for at
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least 24 hours in an air circulating oven or air dried for at least 48 hours, and then subjected to the
Sensitivity Test, Section 41.

78.3 Sensitivity measurements following the exposure shall comply with the Sensitivity Test, Section 41,

using carbon

monoxide.

79 Vibration Test

79.1

damaged. Sensitivity measurements shall comply with the Sensitivity Test, Section 41.

After vibration in accordance with 79.2, an alarm shall not false alarm (or pre-alarm) or be adversely

79.2 Two
120 hours in
before and a

80 Contani

80.1 After
otherwise bg
Sensitivity Tq

80.2 Twos
grams of ved
diameter alu
bottom cente

@ Crisco or the ¢
b Franco-Ameri

80.3 Thee

have an op¢n top and a 16 inch square opening at the bottom of one side. A sheet

approximate

enclosure top by 7/8 inch (20 mm) high standoffs. See Figure 80.1.

darrllio, UIic at |||a/\;| murrT al Id Ul at III;I I;I TaritT otCl1 ID;t;V;ty, [=1h~] tU bc aubjcbtcd t
accordance with the Vibration Test, Section 62. Sensitivity measurements are’t
ter the test.

ination Test (Cooking By-Products)

pxposure in accordance with 80.2 — 80.5, an alarm shall net\false alarm (or
adversely affected. Sensitivity measurements following the“exposure shall co
st, Section 41.

bmples are to be subjected to the vaporization of aimixXture of 50 grams of anim3

minum plate that is heated on an 8-1/2-inch.(216-mm) diameter hotplate Ig
r of a galvanized sheet metal enclosure.

quivalent is acceptable.
an or the equivalent is acceptable.

y 18 inches (457 mm) square, with 1 inch (25 mm) flanges, is to be sup

p vibration for
b be recorded

pre-alarm) or
mply with the

| fat (lard), 50

etable fat?, and 100 grams of beef gravy®. The mixture is to be placed in an 8-inch (203-mm)

cated on the

nclosure is to measure approximately 3 feet (914 mm) high, 16 inches (406 mnp) square and

metal cover,
ported at the
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Figure 80.1

Contamination Test (Cooking By-Products)

18 INCHES
(457mm)

ei@@
»50 COVER, 0.028 INCHES
1 INCH
(25»4mm)
\ STANDORF.OSLOTTED.
PROVIDES” 7/8| INCH
'—V — ~~ (222mm) CLEJARANCE
TO [JOP COVER. TWO
ON EACH SIDE|
20 INCHES \\ ENCLOSURE (QUCT
(508mm) SECTION), 0.020 INCHES
7/ (0.51mm) THICK
™~ DETECTOR UNDER TEST
/S
v
N
/2/, i
> SOl 16 INCHES
Z o (406mm)
/\ \
16 INCHES / yd
(406mm) / \ %
v N
\\b N b
/ /\ HOT PLATE AND PLATE FOR
.7 16 INCHES____] COOKING BY—PRODUCTS
(406mm)
S2899 8 INCHES

(203mm)
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80.4 The alarm under test is to be supported on the end of a threaded 1/4 inch (6.4 mm) steel rod
positioned so that the exposed face of the alarm is approximately 12 inches (304 mm) below the enclosure
cover and 16 inches (406 mm) above the aluminum plate. The alarm is not to be energized during the test.

80.5 Each sample is to be subjected to five complete vaporization exposures. Following the fifth
exposure, each sample is to be removed, permitted to cool for at least 3 hours, and then tested for

sensitivity as
81 Carbon

81.1

specified in the Sensitivity Test, Section 41.

Monoxide Alarms for Use on Recreational Boats

General

81.1.1

Thege requirements apply to the construction and performance characteristic

operated (ngminal 12, 24, and 32 volts DC) single and multistation carbon monoxide. gas’al

fully integrat

81.1.2 The
enclosed acq
accumulate.
Association f
United State
of the Amer;
Boats, A-24.

81.1.3 The

8114 Am
combinations

81.1.5 The
inclusive. Th
to be conduc

d systems, and self contained units (internal batteries).

e carbon monoxide gas alarms are intended to be installed inSide or immed
ommodation spaces in a boat or in areas people inhabit and where carbon mon
These devices shall be wired in accordance with the Standard.for the National H
or Motor-Craft (Pleasure and Commercial), NFPA 302, and'the applicable regy
5 Coast Guard, 33 CFR Part 183, and shall comply with(the appropriate installat
can Boat and Yacht Council, Inc., including Carbon.Monoxide Gas Detectiorn

be alarms shall be constructed to be watertight or drip-proof. See 81.3 and 81.4.

btallic part, including mounting brackefs; shall be resistant to corrosion. Metal sh
that are galvanically compatible. See Corrosion (Salt-Spray) Test, Section 78.

5e alarms shall comply withthe requirements specified in Section 1 — 75

e same three sample alarms are to be used for the tests indicated in Table 81.1.
ted in the order specified:

s of battery-
arm systems,

iately outside
bxide tends to
ire Protection
lations of the
on standards

Systems on

all be used in

and 82 — 91
The tests are

Table 81.1
Samples for Performance Tests
Number pf samples? Test
3 Sensitivity Test, Section 41
3 ﬁpnrqfinn tests Fnlln\uing nnndifinning’ 812
1 Watertightness test, 81.3
1 Drip test, 81.4
3 Abnormal operation tests, 81.5
1 Salt-spray corrosion test, 81.6
3 Overvoltage and Undervoltage Tests, Sections 58 and 59
3 Endurance Test, Section 49
3 Audibility Test, Section 67

samples.

@ The same 3 samples are to be used for each test. When only 1 sample is required it shall be any one of the previously tested

81.1.6 An alarm that requires a warm-up period to attain intended operation shall not indicate a
satisfactory operating condition during the required warm-up period.
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81.1.7 During each test condition, the alarm is to be connected to a source of rated voltage. Battery
operated alarms and Self Contained Units shall be powered by a battery installed in the alarm that meets
or exceeds 81.1.8 during each test condition. The same battery samples shall be used for all of the test
conditions. The tests shall be conducted using each battery model specified in the markings or the
installation instructions.

81.1.8 All batteries included with Carbon Monoxide alarms intended for use in recreational boats shall at
a minimum have a published operational specification range of minus 20 — 60 °C (minus 4 — 140 °F).

Recommended replacement batteries must also meet the temperature range.

81.2 Operation tests following conditioning

81.2.1 Immjadiately following each of the conditions specified in 81.2.3 — 81.2.17, and

environmentg
specified in S
41.1, Part A -
hours.

81.2.2 The
standard. Th
tests defined
exposure.

81.2.3 Thre
+4 °F) with a

81.2.4
81.2.1, the fo

a) ltis
ambie
by tur
sampl
hours
condit

e
l same samples used for 81.2.3 and 81.2.4, including remete sensors, are to b

Immediately following the conditioning specified in 81.2.3 and the sensitivity test

| condition specified in 81.2.3 and 81.2.4, the alarms shall be subject to the Se
ection 41. The sensitivity readings shall not, in any case, exceed the limits sped
Alarm, and Table 41.1, Part B — False alarm, except the 30-day teshis’to be co

sts specified in 81.2.3 and 81.2.4 shall be conducted in sequential order as o

in 81.2.3 — 81.2.17. These samples are to be ehergized during each ¢

e sample alarms are to be placed in an air-gir¢ulating oven maintained at 7(
elative humidity of 20 £2.5 percent for 24 hours.

lowing is to be conducted:

not prohibited that the same alarms remain powered, and are allowed to pre-cg
ht condition specified in 41.2 or gradually transition to the ambient condition spe
ning off the variable ambient chamber and opening the environmental chamb
bs are allowed to remain in the ambient condition specified in 41.2 for a m
prior to initiating thesnext ambient temperature of minus 40. This 16 hour time
oning is to include‘the time required to transition to the ambient condition speq

The ti

b) T
remo
the n
from 8

e period to transition to the ambient condition specified in 41.2 shall not exceed

e samples are to remain in the chamber, without powering down the samples
ing thexsamples from the chamber. The environmental chamber is to be set tg

while in the
nsitivity Tests
ified in Table
hducted for 8

itlined in this
e used for all
nvironmental

+2 °C (158

specified in

ndition at the
cified in 41.2
er door. The

imum of 16

a
;reriod of pre-

ified in 41.2.
4 hours; or

and without
transition to
and humidity

The environmental chamber is to be set to minus 40 +2 °C (minus 4014 °F) with a relative humidity of 45
+10 percent/ -5 percent for 24 hours. The environmental chamber temperature and relative humidity are to
be controlled to ensure that the transition between temperatures does not result in a condensing
environment.

81.2.5 Following each environmental condition specified in 81.2.3 and 81.2.4, the sensitivity tests are to
be conducted at the conclusion of the 24-hour conditioning environment.

81.2.6 Sensitivity testing shall not be conducted during the pre-conditioning of the samples as specified
in 81.2.4 (a) and (b).
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81.2.7 The same three alarms used for the temperature conditioning are to be used for the vibration
conditioning specified in 81.2.8 and 81.2.9.

81.2.8 The alarms, including all components, are to be mounted on a vibration table so as to simulate as
closely as possible an actual installation on a boat in accordance with the manufacturer's installation
instructions. The means used for such mounting shall be rigid enough to reduce resonant frequencies of
the mounting means. The vibration table is to produce the vibration frequencies and amplitude specified in
81.2.9.

81.2.9 The alarms are to be subjected to a variable frequency vibration along each of three rectilinear
orientation axes (horizontal, lateral, and vertical) for 4 hours in each plane (12 hours total) at a peak-to-

peak amplit

de of 0.015 +0.001 inches (0.40 +0.05 mm). The frequency of vibration is to b

continuously

varied, ata u

81.210 Fo
motion (total

81.2.11
specified in §

niform rate, from 10 to 60 to 10 hertz every 4 minutes.

this test, peak-to-peak amplitude is defined as the maximum displacement
machine displacement).

1.2.12-81.2.15.

81.2.12 Th
vibration corf
pulses as sp

81.2.13 Th
having a sho

81.2.14 Th
producing a
shock pulse

b alarms are to be mounted on a shock machine in.tHie same manner as de
ditioning specified in 81.2.8 and 81.2.9. The shock machine is to produce re
peified in 81.2.13.

b samples are to be subjected to 5000 shock impacts of 10 g acceleration (
ck duration of 20 — 25 milliseconds as measured at the base of the half-sine sho

)

-

machine used for this conditioning is to be of the automatic cycling typ
half-sine shock pulse at the acceleration level and duration specified. The acqg
duration is to be measured by a piezoelectric accelerometer mounted on the

platform on gn axis parallel to the axis-ofimotion.

81.2.15 Th
possible to th

81.2.16 Th
alarms are tg
14 °F) for 96

b test samples are.torbe mounted so that the center of gravity of the sample i
e geometric center)of the machine platform.

b same three-alarms used for the shock conditioning are to be used for this con
be subjected to air at a relative humidity of 90 +5 percent and a temperature of
hours.The alarms are not to be energized during this conditioning.

81.2.17 Imn

of sinusoidal

The same three alarms used for the vibration conditioning are to be used for thg conditioning

scribed in the
peated shock

b8 m/s2) and
ck envelope.

e capable of
eleration and
test machine

5 as close as

ditioning. The
10 +2 °C (104

subjected to air

at a relative humldlty of 30 +5 percent and a temperature of 23 13 °C (73 +5 F) for 96 hours The alarms

are not to be

energized during this conditioning.

81.3 Watertightness test

81.3.1 A alarm marked "Watertight" is to be tested as specified in 81.3.2. There shall be no evidence of
water leakage so as to reach energized parts. No false alarms (or pre-alarms) shall be generated and the
alarm shall operate as intended.

81.3.2 One sample detector from the humidity conditioning is to be used for this test. The assembily is to
be mounted in accordance with the manufacturer's installation instructions and energized. A solid stream
of water from a nozzle not less than 1-inch (25.4 mm) in diameter and a flow rate of 65 gallons per minute
(3 psig), measured at the nozzle, is to be directed at the enclosure in all directions from a distance of 10
feet (3.1 m) for 5 minutes.
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81.3.3 Any water on the exterior of the enclosure is to be removed with a cloth and the enclosure then
opened and examined for any evidence of leakage.

81.3.4 An alarm that complies with this test shall be marked in accordance with 81.7.4. See also 81.7.5.

81.4 Drip test

81.4.1

An alarm not marked "Watertight" is to be tested as specified in 81.4.2 and 81.4.3. No false

alarms (or pre-alarms) shall be generated and the alarm shall operate as intended.

Exception: An alarm determined to be watertight complies with this test and does not require testing. See

81.3.
81.4.2 One
The alarm is

beneath a dri

sample alarm from the humidity conditioning, 81.2.16 and 81.2.17, is to be useq
0 be energized and mounted in accordance with the manufacturer's installatio
b pan that produces both splashing and dripping and that extends beyond all e

of the enclosuire. The bottom of the drip pan is to be equipped with uniformly distributed spou

for each 20 {
minute. The g

81.4.3 The
8144 Ana
81.5 Abnor

81.5.1 After]
activate the a

81.5.2 The
the tests in 81

81.5.3 The

quare inches (129 cm?) of pan area. Each spout is to drip water at a rate of
nclosure is to be subjected to continuously dripping water for30 minutes.

blarm is to be oriented from 0 — 15° from the vertical during the test.
arm that complies with this test shall be marked inraccordance with 81.7.5.
mal operation tests

each of the conditions described in81.5.3, 81.5.5, and 81.5.6, three sample
arm in the time specified in 81.5.4,81.5.5, and 81.5.7, respectively.

same three alarms used in-the* Operation tests following conditioning, 81.2 are t
.5.3-81.5.8.

blarms are to be energized and placed in a controlled chamber maintained at

15 °F). The clhamber is to be(filled with a carbon monoxide concentration of 5,000 £125 ppm.

8154 Ass
ppm, each de

bon as or before the carbon monoxide concentration in the chamber reaches
tector shall activate the alarm (for presence of carbon monoxide) in 3 minutes of

for this test.
N instructions
Kposed sides
ts; one spout
PO drops per

alarms shall

b be used for

D3 +3 °C (73

5,000 = 125

less.

ctor is to be

81.5.5 Immediately following the test in 81.5.4 and while still in the chamber, each detg

turned off for 4 hours and subjecied to 5,000 £125 ppm. Following this exposure, each detector is to be
energized and shall activate either the presence of carbon monoxide alarm or the malfunction alarm in 3
minutes or less.

81.5.6 While the alarms are still energized and in the chamber following the test in 81.5.5, the chamber is
to be completely purged with fresh air and maintained at 23 +3 °C (73 5 °F). The alarms shall return to
their normal operating mode within 4 hours. As soon as the alarms have returned to their normal operating
mode the chamber is to be filled with 150 ppm of carbon monoxide as specified in Table 41.1 part A.

81.5.7 The sensitivity reading of the alarm samples shall not, in any case, exceed the 50 minutes as
specified in Table 41.1 part A.
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81.5.8

Immediately following the test in 81.5.7 and while still in the chamber, each alarm is to be turned

off for 4 hours and subjected to 185 ppm. Following this exposure, each alarm is to be energized and shall
activate either the presence of carbon monoxide alarm or the malfunction alarm in 100 minutes or less.

81.6 Salt-s

81.6.1

pray corrosion test

One sample alarm from the Abnormal operation tests, 81.5, shall operate as intended and its

mounting means shall show no signs of structural deformation after exposure for 48 hours to a salt spray
in accordance with the procedure specified in the Standard for Salt Spray (Fog) Testing, ASTM B117. To
determine compliance with this test, an alarm is to be subjected to the Sensitivity Test, Section 41.

81.6.2 An

larm is to bae maounted in accaordance with the manufacturer's installation in

tructions and

subjected to
be removed

81.7 Marki

81.71 Ina
Recreational
shall be in a
(g) shall be r

a) Ma
b) Mg
c)Da
d) Elg
e) Re

f) Th
prohi

g) Ide

81.7.2 Whg
signals shall

81.7.3 Whe

b

the salt spray while in a de-energized condition. Following the exposure, the's
hnd air dried for 48 hours at 23 +3 °C (73 5 °F) in a de-energized condition:

ng

dition to the applicable requirements in Section 89, a carbon monoxide alarn
Boat shall be permanently and legibly marked with the following information.
Contrasting color, finish, or equivalent, in letters at least 3/64 inch (1.2 mm) high
badily visible after installation:

nufacturer's or private labeler's name or identifying symbol;
del, type, or catalog designation;

e of manufacture (in code is not prohibited);

ctrical rating in volts and amperes;

ference to owner's manual;

type of product, such as "Marine Carbon Monoxide Alarm," or the equiva
ited that this marking be incorporated in (g); and

ntification of switches and light indicators.

n a manufacturer uses one light to indicate more than one condition, a key tdg
be provided on the face of the alarm.

n. @y manufacturer produces an alarm at more than one factory, each such a

amples are to

n for use in a
The markings
Items (f) and

ent. It is not

interpret the

5sembly shall

have a distin

ctive Tmarking to identify itas the product of a particutar factory.

81.7.4 An alarm that complies with the requirements in the Watertightness test, 81.3, shall be marked

"Watertight."

81.7.5 An alarm not marked in accordance with 81.7.4 shall be marked "For enclosed spaces only," or
the equivalent.

81.8 Operating and installation instructions

81.8.1
information:

Each alarm shall be provided with installation and operating instructions that include the following


https://ulnorm.com/api/?name=UL 2034 2024.pdf

90

UL 2034

JUNE 3, 2024

a) Typical installation drawing layouts for the detector(s) indicating appropriate locations and wiring
methods. Locations where alarm installations are not appropriate shall also be included;

b) Description of the operation, testing, and proper maintenance procedures for the alarm(s)

includi

ng the warm-up period (including time), when applicable;

c) Replacements parts, such as lamps or batteries, shall be identified in the instructions by a part
number, manufacturer's model number, or the equivalent, and information on where to obtain the

part;

d) Description of the various conditions in which the alarm becomes ineffective or contaminated.
Test the alarm when a possibility of one of these conditions has existed;

e)In é
alarm
house

f) Info
anticig

g) lde
h) An
and/of
these
i) The
j) The
CARB
DAYS

k) The

carbon monoxide gas at the sensor. Carbon monoxide gas may be present in other arg

[) The
devics

m) A 3

within

81.8.2 The
of a manual.

ddition to the conditions described in (d), and to reduce the risk of nuisance\t
circuit, the instructions shall state that accommodation spaces are to be wellive
hold cleaning supplies or similar contaminates are used;

‘mation regarding the alarm and an indication where false alarms-(or pre-alar
ated,;

ntification of the owner's manual or instruction sheet by number or equivalent;

indication that the device shall not be installed in locations where temperatu
ultraviolet light affect the operation, unless the alarniis intended and tested for
Breas;

name and address of the company to whomhe alarm is to be sent for servicing

word "WARNING", and the following\or equivalent text: "TO REDUCE TH
(ON MONOXIDE POISONING, TEST/ALARM OPERATION WHEN NOT IN U
OR MORE;"

word "CAUTION" and the following or equivalent: "The alarm only indicates the

instructions shall alsg_state that individuals with medical problems consider us
s with lower COHbBalarming capabilities; and

tatement shall be provided to specify that the alarm, including a sensor, is not
5 feet (1.5 m) of any cooking appliance.

nstructions shall be incorporated on the outside of the alarm, on a separate she
Vhen not included directly on the alarm, the instructions or manual shall be refe

ipping of the
htilated when

m) are to be

re, moisture,
nstallation in

iE RISK OF
JSE FOR 10
presence of
laS;n

ng detection

to be located

et, or as part
renced in the

marking information on the alarm.

81.8.3 The material shipped with the alarm, including the package, instructions, or user's manual, shall
not include information contrary to that specified in 81.7.1, such as manufacturer's claims on the operation
of the alarm which have not been substantiated by the performance tests included in this standard.

MANUFACTURING AND PRODUCTION TESTS

82 General

82.1

To verify compliance with these requirements in production, the manufacturer shall provide the

necessary production control, inspection, and tests. The program shall include at least the tests specified
in Sections 83 — 87 conducted on 100 percent of the production. See the Manufacturing and Production
Tests, Annex B.
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83 Sensitivity Calibration Tests

83.1 The sensitivity of each alarm shall be checked, following the warm-up period specified by the
manufacturer, using appropriate instruments to determine that the sensitivity levels are within the marked
rating including tolerance, which is within the alarm's specified limits. The test equipment shall verify the
value or range of sensitivities marked on the alarm. The value of indication shall be in the form of ppm
carbon monoxide and time.

83.2 For the warm-up period, the alarms are to be energized from a source of supply in accordance with
37.3.1. If the alarm sensitivity is not within the manufacturer's specifications, the unit is to be corrected and
retested. If a retested sample is still outside the specification, it is to be rejected.

83.3 A war
likely to vary
rating, lamp {

83.4 A warm-up period is not required if the alarm components are operated-at.not more th

of rating in th

84 Measurpment of In-Service Reliability

84.1

84.1.1 Reli
of no less th
averaged ov
the devices'

84.1.2 Reli
(MTBF) of nc
Failures ave
Failures ovel

84.2 Sample frequency and sample size

m-up period is required for those alarms employing components whose charelicteristics are

Required in-service reliability

during initial warm-up, such as solid-state devices operating at greatercthan
ilaments, resistors, and other components that affect sensitivity.

e standby condition or if the individual components are burned-in prior to assem

hbility for Supervised Failures: CO detectors shall have a mean time between f
an 100,000 hours when estimated at a 90~pércent confidence level for Supen
br the devices' specified lifetime. At this, failure rate the cumulative Supervised
specified lifetime shall not exceed 23 percent at a 90 percent confidence level.

hbility for Unsupervised Failures? CO detectors shall have a mean time be
less than 166,667 hours when estimated at a 90 percent confidence level for
raged over the devices', specified lifetime. At this failure rate the cumulative
the devices' specified lifetime shall not exceed 14.6 percent at a 90 percent con

P5 percent of

an 25 percent
Dly.

bilure (MTBF)
ised Failures
Failures over

tween failure
nsupervised
nsupervised
fidence level.

84.2.1 In-service reliability shall be estimated by subjecting a suitable sample of devices to the
Sensitivity Tgst of Section 41 and Table 41.1 for tests at CO concentrations of 70, 150, and 400 ppm. The
test at 30 ppm shall-be excluded.

84.2.2 Reliabitityinformationon-devices—shaltbecoltectedauarterty-usingany-ofthe-followihg methods:

a) Life cycle testing at the manufacturer's facility,

b) Testing of devices installed in the field, or

c) Laboratory testing of devices bought back from customers.

84.2.3 Prior to testing, devices shall be installed and operated in an actual or simulated residential
environment for a period of sufficient duration to predict the average failure rate of the overall population
over the devices' specified lifetime. During the installation period the alarms shall be tested and an upper
bound on their failure rate at a 90 percent confidence level shall be determined at quarterly intervals. It is
not prohibited that installation times of less than the devices' specified lifetime, but not less than 3000
hours, be used in this analysis, taking into account any other measurements that might be available
demonstrating the applicability of the shorter installation period for estimating failure rates averaged over
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the devices' specified lifetime. The data from the shorter installation period shall be replaced with data
from progressively longer durations, up to the devices' specified lifetime, as it becomes available. When no
data is available to demonstrate the applicability of the shorter duration data it is still usable.

84.2.4 The sample size for tests shall be determined according to widely accepted procedures for
statistical quality control, as summarized in Annex E. A statistically significant sample of representative
devices shall be randomly chosen to estimate the required in-service reliability at the required confidence

level.

84.3 Test results and record keeping

84.3.1 The

Jate devices'

conformance
85 Product

85.1 Each 4
breakdown, 3
frequency wit|
and the encl

circuits operat

a) For
used)
secon

b) For
volts g
1200

DC vo

Exception: A
be subjected

conditions.

85.2 If the §

anufacturer shall maintain data and recaords of all tests pnrfnrmnH toeval

to the required in-service reliability.
on Line Dielectric Voltage-Withstand Tests

larm rated at more than 30 volts AC (42.4 volts DC or AC peak)-shall withs
s a routine production-line test, the application of an essentially sinusoidal AG
hin the range of 40 to 70 hertz, or a DC voltage, between hazardous-voltage cir
sure, high-voltage live parts and exposed dead (grounded) metal parts, and
ing at different voltages or frequencies. The test voltage is to be:

an alarm rated at 250 volts AC or less — either_ 1000 volts (1414 volts, if a [
applied for 60 seconds or 1200 volts (1697 \olts, if a DC voltage is used)
0.

an alarm rated at more than 250 volts = either 1000 volts plus twice the rated
lus 2.828 times the rated AC voltagewhen a DC voltage is used) applied for 6
olts plus 2.4 times the rated voltage (1697 volts plus 3.394 times the rated AC
tage is used) applied for 1 second.

broduct, the enclosure of which is entirely comprised of polymeric materials, is n
to this test if there are ‘no exposed dead metal parts that may become energizg

larm employs, hazardous-voltage and extra-low-voltage circuits, the test is to &

with the extrd
so that the v
parts will be

85.3

-low-voltage Circuit connected to the cabinet, chassis, or other dead (grounded
Itage that'is applied between the hazardous-voltage live parts and dead (gro
pplied-simultaneously between hazardous-voltage live parts and extra-low-volta

and, without
voltage of a
cuit live parts
live parts of

C voltage is
applied for 1

oltage (1414
D seconds or
voltage, if a

bt required to
d under fault

e conducted
) metal parts
inded) metal
ge circuits.

uit a printed-

wiring assembly or other electronic-circuit component, the assembly or component shall be disconnected
or otherwise rendered inoperative prior to the test. It is not prohibited that a representative subassembly
be tested instead of an entire unit.

85.4 A 500 volt-amperes or larger transformer, the output voltage of which is variable, is to be used to
determine compliance with 85.1. A 500 volt-amperes or larger transformer is not required if the high
voltage testing equipment used is such that it maintains the specified high voltage at the equipment for the
duration of the tests.

85.5 The test equipment used for this test is to include a visible indication of application of the test
voltage and an audible or visible indication, or both, of breakdown. In the event of breakdown, manual
reset of an external switch is to be required, or an automatic reject of the unit under test is to result. Other
arrangements shall not be considered unless determined to achieve the results contemplated.
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85.6 If the charging current through a capacitor or capacitor-type filter connected across the line, or from
line to earth ground, is sufficient to prevent maintaining the specified AC test voltage, the alarm is to be
tested using a DC test voltage in accordance with 85.1.

86 Production Line Grounding Continuity Tests

86.1 The manufacturer shall test each alarm that has a power-supply cord terminating in an attachment-
plug employing a grounding pin to verify electrical continuity between the device and the grounding pin of
the attachment-plug.

86.2 For this test, the manufacturer is to employ an acceptable resistance-indicating instrument with
|eadsandter' vhich-the aroundina-circuit-continui iIs-determined

86.3 If an ipvestigation of the alarm has shown all exposed dead metal parts that will beCome energized
and all dead metal parts within the enclosure that are exposed to contact during servicing to be acceptably
bonded to the frame and enclosure of the alarm, a test that determines the electrical continuity between
the grounding pin and the frame or enclosure is sufficient.

87 Audibiljty Test

87.1 The manufacturer shall test a minimum of two sample alarms per production lot and|shift to verify
that the sourld output level of the representative production sanmiples can produce a minimum 85 db sound
pressure level, as measured in accordance with 67.2 or the equivalent.

88 Alarm Shipment
88.1 The battery intended to be employed with-thie alarm shall be shipped from the factory yith the alarm
in the same package. To prevent unnecessary drain during shipment and storage, the batteny shall not be
connected in|the alarm.
88.2 A nonfrechargeable standby battery of an AC operated accessory to a single- or multiple-station
alarm is not fequired to be shipped-with the unit provided instructions on the unit specify the battery to be
used by model number and manufacturer. A rechargeable standby battery shall be shipped with the unit in
which it is to pe employed.

MARKING

89 Genera

89.1 Markings shattcompty withthe fottowing:
a) The marking shall be in a contrasting color, finish, or equivalent.
b) Unless the letter height is specified, all markings shall be at least 3/64 inch (1.2 mm) high.

c) The removal or opening of an enclosure cover or the removal of mounting screws, or an
equivalent arrangement to view the marking is acceptable with the exception of the “do not paint”
marking and 89.2(c).

89.2 The following markings are required to be on all alarms:

a) Name or identifying symbol and address of the manufacturer or private labeler.
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b) Model number and date of manufacture. The date of manufacture shall be non-coded and in the
format YEAR (in 4 digits), MONTH (in letters), and DAY (in 2 digits) located on the outside surface
of the CO alarm.

c) Identification of the product (carbon monoxide alarm shall be marked in contrasting color from
the background on the face of the unit), lights, switches, and meters, regarding their function unless
their function is obvious. The following message shall be located adjacent to the visual indicator for
alarm: "Exit to fresh air."

d) Maximum rating of fuse in each fuse holder.

e) Identification of batteries by part number, manufacturer's model number or equivalent, located
adjac nt tothe r‘r\mpr\nnnf

f) Refgrence to the manufacturer’s published instructions.
g) Maintenance instructions, such as cleaning and battery replacement.

h) Disfinction between alarm, pre-alarm, end-of-life, and trouble signals on units employing these
signals.

i) Test|instructions and frequency. Not less than once per week for battery-powered alarms and not
less tHan once per month for other than battery-powered alafmis.

j) If a manufacturer produces alarms at more than ong_factory, each such assembly|shall have a
distindtive marking to identify it as the product of a parficular factory.

k) Thg following warning shall be placed on thé(carbon monoxide alarm. The hazard symbol and
letters| used for the word "WARNING" shall_be boldfaced type having a minimum lefter height of
0.120(inch (3.05 mm). The minimum vertical spacing between lines of type shall be 0.046 inch
(1.17 mm).

Carbon monoxide<CO) is a colorless, odorless, poisonous gas. You can't taste, see, [or smell CO,
but it gan kill\injust minutes.

This aJarm Will sound in a 4-beep pattern if life threatening levels of CO are detected.

If the alarm sounds:
1) Immediately evacuate all occupants from the space and go outdoors to fresh air.

2) Call emergency responders (911 or fire department) for help; notify the building or vehicle
owner, as necessary.

I) An alarm not intended to be painted in use shall be marked on the outer surface of the enclosure
with the following or equivalent notice: "Do Not Paint" or the symbol below (min 1/2” in diameter.
The letters shall not be less than 1/8 inch (3.2 mm) high. See the Paint Loading Test, Section 69.
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m) For a battery operated alarm, the word "WARNING" and the following or equivalent marking
shall be included on the unit: "Use Only Batteries Specified In Marking. Use Of A Different Battery
May Have A Detrimental Effect On Alarm Operation." The letter height shall be a minimum of 1/8
inch (3.2 mm) for "WARNING" and 3/64 inch (1.2 mm) for the rest of the notice.

n) Fo
16.3 4

89.3 The f
operation, ur
than 12 mor]
marked on
battery life."

894 The f
instructions:

a)Fo
b) Cq
mono

that t
from

c)Re

d) A

The ceiling.

an alarm employing a nonrechargeable standby battery the marking informatio
hall be in letters not less than 1/8 inch (3.2 mm) high.

pllowing or equivalent qualifying statement on a battery-operated alarm
der other than normal room temperature conditions during the long-term battery
ths but not less than 6 months or less than 10 years for a<sealed 10-year a
he alarm. "Constant exposures to high or low temperatures/or high humidity

bllowing may be marked on the alarm or bel/intluded the manufacture

rrect mounting position if a unit is infended to be mounted in a definite pog
xide alarms that comply with 68.5.2.8hall include marking information that cle
e product is only intended for installation on the ceiling, or on the wall no more t

erence to a source for battery replacement.

battery-operated alarm that employs a battery trouble silence feature shal

oper:

e) The sensitivityssetting. The marked sensitivity shall be indicated by ppm and time.

89.5

If markings_ate’placed on the base (bottom) of an alarm intended for permanent in
word "CAUT|ON" and the following or equivalent marking in letters 1/8 inch (3.2 mm) high is {
on the outside orinside of the alarm: "Additional marking on back. Disconnect power."

tion.

n described in

here battery
tests, is less
arm must be
may reduce

I's published

AC (mains powered) alarms: Electrical rating, in volts, amperes, or watts, and ffequency.

ition. Carbon
arly indicates
han 12 inches

describe its

stallation, the
p be provided

89.6 Additional marking requirements are specified in 13.6.4, 19.5.1 and 21.2.1.

89.7 With regard to the requirement in 7.3, a warning flag or hinged cover as described in 7.1 or 7.2
(inside or outside), or equivalent, shall be marked with the word "WARNING" and the following or
equivalent text: "Battery Has Been Removed." The letter height shall be a minimum of 3/8 inch (9.5 mm).

90 Marking Permanence

90.1 General

90.1.1
deleterious e

ffects of handling, cleaning agents, and the like, expected in the intended use.

Markings affixed to a carbon monoxide alarm shall be sufficiently durable as to resist the
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90.1.2 Two or more label samples are to be provided with all of the required markings printed as
specified in this Standard (e.g. required letter height). Each sample that includes indelibly-printed,
pressure-sensitive labels secured by adhesive that, upon investigation, is rated for the type of surface and
temperatures of the surface to which it is affixed, shall comply with the requirements specified in UL 969
and CSA C22.2 No. 0.15. All “Exposure Conditions” shall apply to marking and labeling systems as

follows:

a) The maximum “Test Temperature” shall be conducted at 87 +2 °C (189 +3.6 °F), as specified in
UL 969;

b) The minimum “Test Temperature” shall be conducted at minus 40 5 °C (minus 40 15 °F), as

specifi

ed in CSA C22.2 No. 0.15;

c) The
95 5
chaml
that is
subjed

d) For
(1.141

e) The “Water Immersion” test shall be conducted as specified in 7.1, All marking

syster

90.1.3 Follo
requirements
quantitative a

90.1.4 Painted, stenciled, and ink stamped, other than on a pressure-sensitive label, that is

accordance W

90.2 Permanence and legibility of marking test

90.2.1 If red
stamped, or @
samples are
the markings
downward fo
remains legib

“Humidity Exposure” test shall be conducted at 40 +2 °C (104 +£3.6 °F) at relatiy
% for a period of 72 £0.5 hour, with the sample placed vertically inthe’ e
er. Following the conditioning period, the sample shall be placed in an ambient
23 £5 °C (73.4 £9.0 °F) and a relative humidity of 50 £30 % for a minimum of

t to visual examination and the Adhesion Test, as specified in CSA'C22.2 No. 0.

the “Adhesion Test”, the average quantitative adhesion valueshall be at leas
b/in), as specified for Type A labels in CSA C22.2 No. 0.15;<and

ns, of UL 969.

of Section 4, General, in the Performance subdivision of UL 969, except
dhesion value shall be at least 0.20 N/mm (1.14 Ib/in).

ith the requirements in the Permanence of Marking Test, 90.2.

uired under 90.1,4,"the manufacturer is to submit two samples of the painted,
ther means of permanent ink markings applied to the material on which it will be
o be immersed in de-mineralized water for 48 hours. Upon completion of the
are to be vigorously rubbed back and forth 10 times, with thumb or foref
‘ce of approximately 18 N (4 Ib-f). The results are considered acceptable if
e, astspecified in UL 969.

e humidity of
nvironmental
environment
P4 hour, then
15;

t 0.20 N/mm

and labeling

wing each of the test conditions specified~in 90.1.2, label samples shall meet the

the average

evaluated in

stenciled, ink
placed. Both
conditioning,
nger, with a
the marking

INSTRUCTI

91 General

911

NS

instructions which shall include the following information:

Each single and multiple station carbon monoxide alarm shall be provided with installation

a) Typical installation drawing layouts for the unit(s) indicating locations and wiring methods which
shall be in accordance with the National Electrical Code or Canadian Electrical Code. Locations

where

alarms are not to be installed shall also be included.

b) Description of the operation, testing, and proper maintenance procedures for the unit(s).
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c) Replacement parts, such as lamps or batteries, shall be identified in the instructions by a part
number, manufacturer's model number, or the equivalent, and information included as to where
parts are obtainable.

d) The hazard symbol A the word "WARNING," and at least the following or equivalent
information in an obvious and prominent manner, such as by being underlined, encircled, or printed
in larger or different color type. The letters used for the word "warning" shall be boldfaced in a color
that contrasts with the background and shall be a minimum size of 18 points or a minimum of 1.5
times larger than the safety message letters. The letters used for the safety message words shall
be boldfaced Helvetica type with a minimum size of 12 points. Lowercase letters shall be
compatible with the uppercase letter specification. The safety message shall be separate and
distinct from the other messages and graphics in the owner's manual.

A

Carbon monoxide (CO) is a colorless, odorless, poisonous gas. You can't taste, see or smell CO,
but it pan kill in just minutes.

WARNING"

This glarm will sound in a 4-beep pattern if life threatening levels of €O, are detected.
If the plarm sounds:
1) Immediately evacuate all occupants from the space ‘and go outdoors to fresh air.

2) Call emergency responders (911 or fire department) for help; notify the building or vehicle
owner, as necessary.

e) Thjs carbon monoxide alarm is designed to“detect carbon monoxide gas from ANY source of
combpstion. Itis NOT designed to detect.smoke, fire or any other gas, unless the product has been
invesfigated and determined to comply with the applicable requirements.

f) Mare detailed information on the “alarm, pre-alarm, end-of-life, and trouble signals and an
indicgtion where false alarms_-or-trouble signals would be anticipated; such as tp reduce the
possibility of nuisance tripping of the alarm's alarm circuit, the instructions shpll state that
accorpmodation spaces are to be well ventilated when household cleaning supplies or similar
contaminants are used—~The end-of-life information shall include details on how long the unit may
be expected to last and shall indicate if the end-of-life is based on the date [the unit was
manufactured or the date that the user places the unit into service.

g) ldentification)of the users manual or instruction sheet by number or equivalent.

h) An |nd|cat|on that the device shall not be installed in locations where the normal ambient
temperatlre A C drm has been
determlned to be acceptable for mstallatlon at a hlgher or Iower amblent temperature in which
case those tested extreme operating temperatures shall be listed in the manual.

i) Reference to a source(s) of limited energy cable for multiple station interconnection or connection
of supplementary devices.

j) The following symptoms are related to CARBON MONOXIDE POISONING and are to be
discussed with ALL members of the household:

1) Mild Exposure: Slight headache, nausea, vomiting, fatigue (often described as "Flu-like"
symptoms).

2) Medium Exposure: Severe throbbing headache, drowsiness, confusion, fast heart rate.

3) Extreme Exposure: Unconsciousness, convulsions, cardiorespiratory failure, death.
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4) Many cases of reported CARBON MONOXIDE POISONING indicate that while victims

are aware they are not well, they become so disoriented they are una

ble to save

themselves by either exiting the building or calling for assistance. Young children and

household pets are typically the first affected.
k) The following information:
1) Name and address of manufacturer or private labeler.

2) Model number.

3) Electrical rating in volts, amperes or watts, and frequency. Not required for battery

operated alarms

4) Name and address of firm to whom alarm is to be sent for servicing.

I) For|alarm-transmitters intended to be installed with compatible audiblejsignal re
instrugtions shall include the limitations of use in typical single level and multilevel dwg
well ag in apartment buildings where adjacent apartments may have similar systems.

ceiver units,
lling units as

m) Fof alarms also acceptable for installation in recreational vehicles, the word "WARNING," and
the following or equivalent text: "TEST ALARM OPERATIONCAFTER VEHICLE HAS BEEN IN

STORAGE, BEFORE EACH TRIP, AND AT LEAST ONCEWER WEEK DURING U

SE." A label

with identical marking is to be provided by the alarm /manufacturer, with instructions that it be

permgnently and visibly located within 24 inches (610 mm) of the alarm.

n) Thg word "WARNING" and the following or equivalent text: " This product is intend

ed for use in

ordingry indoor locations of family living units.\It is not designed to measure compliance with
Occupational Safety and Health Administration:(OSHA) commercial or industrial standards."

Excegtion: If a manufacturer chooses_a-concentration level below 70 ppm for the
standard it is not prohibited that the watning be revised to reflect actual testing.

0) Thg word "CAUTION" and thefellowing or equivalent: "This alarm will only indicate
of carIon monoxide gas at the sensor. Carbon monoxide gas may be present in other

p) The instructions shdllyalso state that individuals with medical problems may cq
warning devices which) provide audible and visual signals for carbon monoxide cq
under[30 ppm.

q) A statement shall be provided to specify that the alarm, including a sensor, is not
within[5 feet(1.5 m) of any cooking appliance.

tests in this

the presence
areas.”

nsider using
ncentrations

o be located

nditianenmbiakb B b in feaomaiant MM
A\® 1LY 1 T T mTCoult u touv

Adatalad infarmatian-oB-
r) Moru o iancu nmnmurimrmiauaulT Ulr VuUTidiuauTiIio vwrnoilrodari

1) Excessive spillage or reverse venting of fuel burning appliances caused by:

sityationssuch as:

i) Outdoor ambient conditions such as wind direction and/or velocity, including high
gusts of wind; heavy air in the vent pipes (cold/humid air with extended periods

between cycles).

ii) Negative pressure differential resulting from the use of exhaust fans.

i) Simultaneous operation of several fuel burning appliances competing for limited

internal air.

iv) Vent pipe connection vibrating loose from clothes dryers, furnaces, or water

heaters.
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v) Obstructions in or unconventional vent pipe designs which amplify the above

situations.

2) Extended operation of unvented fuel burning devices (range, oven, fireplace, etc.).

3) Temperature inversions which can trap exhaust gasses near the ground.

4) Car idling in an open or closed attached garage, or near a home.

s) A minimum of two self-adhesive labels with the information as described in 91.1(d) shall be
provided by the alarm manufacturer. Directions shall instruct the user of the alarm to add the

telephone numbers of their emergency service provider and a qualified technician
Instructi i

other|label near a source of fresh air where they plan to gather after the alarm
presegnce of carbon monoxide.

t) Prgducts that comply with 68.5.2 and are not subjected to the Impact.Test, 68.5,
information clearly indicating that the user shall actuate the test and/or alarm reset/s
remofely (via an electronic signal or aerosol test gas), or by use of a person's finger
that the use of any other instrument(s) is strictly prohibited.

u) Fol alarms powered by a non-replaceable battery, the instructions shall provide a

to the labels.
Jarm, and the
indicates the

shall include
lence feature
br thumb, and

description of

the prioper use of the battery activation and deactivation feattires. This information shall specify that

each feature is intended for one time use only.

91.2 The instructions may be incorporated on the outside*of the unit, on a separate sheet,
manual. If ngt included directly on the device, the instruetiohs or manual shall be referenced i
information dn the unit.

91.3 The mlaterial shipped with the alarm, including the package, instructions, or user's ma
include inforgation other than that specified:in-91.1, such as manufacturer's claims on the og
alarm which have not been substantiated-by-the performance tests included in this or other s
package, insfructions, and user's manual shall include the information described in 91.1 (c
(p). The pacKage shall also include the-end-of-life information described in 91.1(f).

914 For m
other than ph
describe the

ultiple-station interconnected carbon monoxide alarms with alarm reset/sile
ysically depressing the reset/silence button, the resetting/silencing of the initiati
following:

a) An[example’and information detailing the alarm information as communicated to
remofe silencing device shall provide instructions to the user as noted in item (b) b
user gttempts to activate the remote reset/silence feature;

Dr as part of a
h the marking

hual, shall not
eration of the
andards. The
, (k), (n), and

hcing means,
hg alarm shall

the user. The
Blow after the

b) At a minimum, all instructions and the remote device (if provided) shall include instructions to the

user to move to fresh air upon activation of an alarm signal.

92 Installation and Operating Instructions for Evaluation

921 A copy of the installation and operating instructions intended to accompany

each unit or

component, or equivalent information, is to be included in the examination and test of the equipment. For

this purpose a draft, rather than a printed edition, is suitable.

92.2 The instructions and drawings shall include such directions and information as deemed by the
manufacturer to be necessary for proper and safe installation, testing, maintenance, operation, and use of
the alarm. Such instructions and drawings shall comply with the requirements of Instructions, General,

Section 91.
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ANNEX A (Informative) — RELIABILITY AND FAILURE RATE DETERMINATION INFORMATION

The information contained in this supplement is not part of this American National Standard (ANS) and has
not been processed in accordance with ANSI's requirements for an ANS. As such, this supplement may
contain material that has not been subjected to public review or a consensus process. In addition, it does

not contain requirements necessary to fulfill the objectives of the standard.

GENERAL
A1 Instruct

A1.1

ions for Determining a Reliability Prediction for Carbon Monoxide Alarms

Make a list of every component in the alarm.

A1.2 By cirguit analysis or experimentation, determine the effect of any failure mode_(sho
each compoment on the alarm operation and the rationale for the decision. Thiswill determine if a
component is|to be considered critical, conditionally critical, or noncritical.

A1.3 A component is considered noncritical if all failure modes of the component will resu

signal, or ha
affect the ala

A1.4 A com
the intended

A1.5 Acom
the intended

2 A trouble sign
orange), or de-e
documented pre

no effect on the intended operation of the alarm for alarm and,trouble signals
m sensitivity.

ponent is considered critical if two or more failure modes of the component, wh
pperation or the sensitivity of the alarm, do not resultin/a trouble signal.

bonent is considered conditionally critical if only~ene failure mode of the compon
bperation or the sensitivity of the alarm, and does not result in a trouble signal®.

bl may be indicated by energization of an audible signal, energization of a separate visual indig
hergization of a power-on light. If a visual indication is depended on to denote a trouble condition
icted failure rate of not greater than 2.5 failures per million hours.

A1.6 Make a list of all critical and conditionally critical components in the alarm.

A1.7 For ed
minimum cor
component rg

ch critical and conditionally critical component, the expected failure rate, b
fidence factor of(80- percent, may be determined from the screening burn-in
liability data méthod.

A1.8 For e

ch conditionally critical component, the expected failure rate may be dg

calculating oply the'failure rate for the mode meeting the conditions of A1.5 or by apg
multiplying faftor to.the value determined by the PARTS COUNT or PARTS STRESS ANAL

described in

ILAFARY HANDBOOK 217b).

it or open) of

t in a trouble
, and will not

ich will affect

ent will affect

ation (amber or
, it shall have a

hsed upon a
or published

termined by
lying a 0.75
¥ SIS method

A2 Methods of Determining Failure Rate

A2.1
using Section

3 of Military Handbook 217b):

PARTS COUNT METHOD — When using this method the failure rate is to be determined as follows,

a) Employ generic failure rate from Table A2.1 — Table A2.6 which most closely approximates the
component employed.

b) Determine the quality factor multiplier for each component from Table A2.7 — Table A2.9.

c) Multiply each generic failure rate by its associated quality factor multiplier to obtain the final

failure

rate for the component. See example calculation, Table A2.10.

d) Add all individual failure rates of critical and conditionally critical components to obtain the

overal

| failure rate for the alarm.
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NOTE - Mil-specification numbers in Table A2.4 and Table A2.5 are provided for reference only to determine general component
type.

Table A2.1
Generic Failure Rate for Standard Bipolar Digital Devices (ttl and dtl) in Failures Per Million Hours

Circuit complexity Failure rate

1 to 20 gates® 0.029
21 to 50 gates 0.062
51 to 100 gates 0.094
101 to 500 gates 0.38
Greater than 5p0 gates 6.0

Memories, les$ than or equal to 1000 bits 0.30
Memories 100{ to 4000 bits 0.70
Memories 400{ to 8000 bits 12

@ Assume 1 gafe is equivalent to four transistors.

Table A2.2
Generic Failure Rate for Standard Bipolar Beam Lead and ECL, Bipolar and MOS Linear, and All

Other MOS Devices in Failures Pet Million Hours

Circuit complexity Failure rate
1 to 20 gates® 0.048
21 to 50 gates 0.19
51 to 100 gatep 0.31
101 to 500 gates 1.4
Greater than 5p0 gates 23
Linear, less thgn or equal to 32 transistors 0.052
Linear, 33 to 190 transistors 0.12
Memories, les$ than or equal to 1000 bits 1.2
Memories 100{ to 4000 bits 2.7
Memories 400{ to 8000 bits 4.5

@ Assume 1 gale is equivalent to four transistors.

Tahla A2 2
|a”lv MNa.J

Generic Failure Rate for Discrete Semiconductors in Failures Per Million Hours

Part type Failure rate
Transistors

Silicon NPN 0.18
Silicon PNP 0.29
GePNP 0.41
GeNPN 1.1

FET 0.52
UJT, PUT® 1.7

Table A2.3 Continued on Next Page
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Table A2.3 Continued

Part type Failure rate

Diodes

Silicon, general-purpose 0.12

Germanium, general-purpose 0.26

Zener and avalanche 0.16
Thyristor 0.16
Silicon microwave detector 2.2
Ge microwave detector 5.6
Silicon microwgve mixer 3.0
Ge microwave mixer 10.0
Varactor, step 1.5

@ A lower failurd rate (0.16 failures/106 hours) may be assigned when the construction of the device is‘eomparable tp that of a

thyrister.

Table A2.4

Generic Failure Rate for Resistors in Failures Per_Million Hours

Resistors, fixed
Construction Style Mil-R-Spec. (reference only) Fdjilure rate
Resistors, fixed
Composition RCR 39008 0.002
Composition RC 11 0.01
Film RLR 39017 0.015
Film RL 22684 0.075
Film RNR 55182 0.017
Film RN 10509 0.017
Film, power RD 11804 0.96
Wire-wound, jaccurate RBR 39005 0.056
Wire-wound, jaccurate RB 93 0.28
Wire-wound, jpower RWR 39007 0.033
Wire-wound, [power RW 26 0.17
Wire-wound, [chassis' mount RER 39009 0.062
Wire-wound, 'ehassis-metnt RE 43546 0.31
Resistors, variable
Wire-wound, trimmer RTR 39015 0.066
Wire-wound, trimmer RT 27208 0.33
Wire-wound, precision RR 12934 2.7
Wire-wound, semi-precision RA 19 2.3
Wire-wound, semi-precision RK 39002 2.3
Wire-wound, power RP 22 2.3
Nonwire-wound, trimmer RJ 22097 4.6
Composition (common pot) RV 94
Factory preset and sealed 0.46
Field variable 3.7
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Generic Failure Rate for Capacitors in Failures Per Million Hours

Table A2.5

Dielectric Style Mil-C-Spec. (reference only) Failure rate

Paper/plastic CHR 39022 0.0006
Paper/plastic CPV 14157 0.0006
Paper/plastic CQR 19978 0.0006
Paper/plastic cQ 19978 0.006
Mica CMR 39001 0.0032
Mica CM 5 0.032
Mica B 485560 0.58
Glass CYR 23269 0.011
Ceramic CKR 39014 0.022
Ceramic CK 11015 0.22
Tantalum, solid CSR 39003 0.026
Tantalum, nonsolid CLR 39006 0.034
Tantalum, nonsolid CL 3965 0.34
Aluminum, oxi¢le Cu 39018 0.23
Aluminum, drylelectrolyte CE 62 0.41
Ceramic, variaple Ccv 81 1.1
Piston, variablg PC 14409 0.11

Table A2.6

Generic Failure Rate for Miscellaneous Parts in Failures Per Million Hours|

Part type Failure rate

Pulse transformer 0.0027
Audio transforgner 0.0066
Power transformer and filters 0.021
RF transformef and coils 0.022
Connectors 0.45
Connections

Solder, refloy lap te-printed-wiring boards 0.00012

Solder, waveg to printed-wiring boards 0.00044
Other hand solder connections

(for example, wire to terminal board) 0.0044

Crimp 0.0073

Weld 0.002

Wirewrap 0.0000037
Coaxial connectors 0.63
Toggle switches 0.57
Push button switches 0.38
Sensitive switches 0.90
Rotary switches 1.4

Table A2.6 Continued on Next Page
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Table A2.6 Continued

Part type Failure rate

General-purpose relays 0.30
High-current relay 1.0
Latching relays 0.29
Reed relays 0.26
Meters and bimetal 5.7
Two-sided printed-wiring boards 0.0024
Multilayer printed-wiring boards 0.30
Quartz crystals 0.20
Thermistor

Bead 0.10

Disc 0.31
Fuses 0.10
Neon lamps 0.20
Photocells 0.02
Light-emitting djodes (LED)

General use {indicator light) 0.20

Light source pf photoelectric detectors 2.50°2

failure rates at

& This is the makimum value permitted and is based on the failure rate at half light output. Selected LED's having prq
alf-light output are usually employed. The reliability is<t6-be evaluated on data supplied by LED man|

jected lower
ufacturer.

Table A2.7
Quality Factors for Table A2.1 and Table A2.2
Quality leve] or screen
clags Description Quality factor
A Mil-M-38510, Class A 0f5
B Mil-M=88510, Class B
B-[l Mil-Std-883A, Method 5004, Class B 2§5
B-p Supplier equivalent of Mil-Std-883A,
Method 5004, Class B g
Mil-M-38510, Class C g
Commercial (or non-mil standard) part with no screening beyond 7P
The manuracturer s regular quality assurance practices
E Screening procedure per Table A5.1 8

Table A2.8
Quality Factor for Table A2.3

Part class

Quality factor

JANTXV
JANTX
JAN

Commercial grade

0.1
0.2
1.0
1.0
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Table A2.9
Quality Factor for Table A2.4 and Table A2.5

Failure rate level (established reliability parts)

Quality factor

L
M
p
R
S

1.5
1.0
0.3
0.1
0.01

NOTE: For nonestablished reliability parts the quality factor is 1.5. The quality factor for all miscellaneous parts is 1.0.

Alarm Reliability Prediction — Parts Count Method Sample Calculation

Table A2.10

Generic failure rate

Quality factor multiplier

Failure rate fdilures/10° hrs

Gomponent (A) (B) (A) times (B)
Composition rgsistor 0.01 1 0.01
Composition rgsistor 0.01 1 0.01
Composition rgsistor 0.01 1 0.01
Film resistor 0.075 1 0.975
Film resistor 0.075 1 0.975
Wire wound repistor, power 0.17 1 0.17
Capacitor, plagtic 0.006 1 0.Joé
Capacitor, plagtic 0.006 1 0.Joé
Capacitor, tantplum, solid 0.026 1 0.026
Capacitor, dry Electrolyte 041 1 0.41
Transistor, siliqon NPN 0.18 0.3 0.6
Transistor, siliqon NPN 0.18 0.3 0.06
Thyrister (SCR) 0.16 1 0.16
Diode, silicon 0.12 1 0.12
Diode, silicon 0.12 1 0.12
Relay, reed 0.26 1 0.26
Relay, general|purpose 0.30 1 0.0
Connector 0.45 1 0.45
Printed-wiring board 0.0024 1 0.0024
Switch, push button 0.38 1 0.38
Potentiometer, factory preset 0.46 1 0.46
LED (indicator lamp) 0.20 1 0.20
Total alarm failure 3.371

A2.2 2PARTS STRESS ANALYSIS METHOD - The failure rate is calculated using the procedure in
Military Handbook 217B, Section 2. Calculations and supporting data on rating of components for the
determination will be required for review. See also Table A2.11 and Figure A2.1 for equations and

tabulation sheets.

2 If a Mil-Spec component is required in an alarm but does not employ a specific marking to that effect, it will be necessary for the
alarm manufacturer to provide documentation to verify that the component is Mil-Spec graded. The documentation may be in the

form of a shipping order, invoice, or equivalent, provided by the component vendor.
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Parts Stress Analysis Method References

Table A2.11

MIL-HDBK-217B 9/20/74 page

Type device Applicable equation reference
Monolithic bipolar and MOS digital SSI/MSI devices 100 2.1.1-1
gates or 400 transistors
Monolithic bipolar and MOS linear devices 2.1.21
Monolithic bipolar and MOS digital LS| devices 100 2.1.341
gates or 400 transistors
Monolithic MOS and bipolar memories 2.1.4-1
Hybrid devices 21.7-1
Transistors Graup |, general purpose 2211
Transistors Grgup I, field effect transistors 22.2-1
Transistors Graup I, unijunction 2.2.341
Diodes, Group |V, general-purpose 2.24-1
Diodes, Group V, zeners 2.2.91
Diodes, Group VI, thyristers 2.2.4-1
Diodes, Group VII, microwave detectors and mixers 2.2.4-1
Diodes, Group VIIl, varactor step recovery tunnel 2.2.4-1
RCR and RC insulated fixed composition 2.5.1-1
RLR, RL, RNR||RN, fixed film-insulated 2.5.21
RD/P power film 25235
RBR and RB fifed wire wound 2.5.31
RWR and RW pgower-type fixed wire-wound 2533
RER and RE pgwer-type, chassis-mounted fixed wire- 2535
wound
RTH bead and flisc-type thermistors Read direct from table 2541
RTR and RT vgriable lead screw-activated wire-wound 2.5.9441
RR precision w{re-wound potentiometers 2.5.8-3
RA and RK (Not ER) semi-precision wire=wound 25897
potentiometers
RP high-power wire-wound potentiometers 2.5.5113
RJ nonwire-wolind trimmers 2.5.91
RV compositior] potentiometers 2.5.8-5
CPV paper and|plasticfilm, Est. Rel. 2.6.1-1
CHR metalized paper; EstRet: 206.1-1
CQ & CQR paper and plastic film, ER & NON-ER 2.6.1-1
CM mica-molded, CMR mica-dipped, Est. Rel. 2.6.2-1
CB button mica 2.6.2-3
CYR glass capacitors, Est. Rel. 2.6.31
CK ceramic, general-purpose, CKR ceramic, general- 2.6.4-1
purpose, Est. Rel.
CC ceramic, temperature compensating 2.6.4-5
CSR solid tantalum electrolytic, Est. Rel. 2.6.5-1
CLR nonsolid tantalum, Est. Rel., CL nonsolid tantalum, 2.6.5-3

NON Est. Rel.

Table A2.11 Continued on Next Page


https://ulnorm.com/api/?name=UL 2034 2024.pdf

JUNE 3, 2024 UL 2034 107

Table A2.11 Continued

MIL-HDBK-217B 9/20/74 page
Type device Applicable equation reference

CU aluminum oxide electrolytic 2.6.6-1
CE aluminum, dry electrolyte 2.6.6-3
CV variable ceramic capacitors 2.6.7-1
PC variable, piston-type tubular trimmer 2.6.8-1
Transformers 2.71

Motors, high-speed 2.8.1-1
Blowers 2.8.21
Relays 291

Switches, snag-action toggle or pushbutton 2.10-1
Basic sensitivg switches 2.10-2
Rotary, ceramif or glass wafer silver alloy contacts 2.10-3
Connectors 2.11-1

NOTE: o multiplier same as for JAN Class C if Table A5.1 screening is conducted.
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Figure A2.1
Tabulation Sheet
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A2.3 SCREENING BURN-IN METHOD - This method is required for the evaluation of custom integrated
circuit "chips" although it may also be applied to any other component of an alarm, including generic
"chips." The evaluation shall consist of a burn-in test program to determine the numerical failure rate
coupled with a minimum quality assurance screening program for all production units. Refer to Criteria for
Acceptance of Microelectronic Devices, Sections A4 — AG.

A2.4 ALTERNATE METHOD (GENERIC DEVICES ONLY) — An alternate for generic components only
shall consist of the burn-in test program to determine the numerical failure rate coupled with the
component manufacturer's standard screening program which is employed for the device family of the

component. The condition of acceptance of the limited screening shall include the following:

a) A test sample lot shall be screened in accordance with the component manufacturer's standard
program and then subjected to the Burn-In Test described in Sections A4 — AG.

b) Th
or the

c) A d
A2.4(

b Similar device

A2.5 PUBL
integrated ci
evaluation is
publications
include "Mig]

"Digital Gengric Data." Devices evaluated by this methed shall conform to the identificatia

A4.3, and the

A2.6 Theo
more of the f

A3 Maximym Alarm Failure Rates

device family® from a second source, such as field failure rate data or a sépafat

omparison of the burn-in test data from A2.4(a) and A2.4(b) shall be.made an
h) shall not be worse than those in A2.4(b) by one order of magnitude(10:1).

manufactured under same process and design rules.

SHED RELIABILITY DATA — This method may be employed for the evaluati
rcuit "chips" as well as any other component of an{alarm, except for a custo
derived by the use of generic failure rate data from industry and militan
ro-Circuit Device Reliability," "Linear/Interface~Data and Micro-Circuit Devig

minimum screening program of Table A5.1.

verall failure rate of the components of an alarm may be evaluated by combing
pilure rate determination methods described in A2.1, A2.2, A2.3, A2.4, and A2.5

b component manufacturer shall provide failure rate data on the particular devicJa being tested

e burn-in test.

d results from

pn of generic
m "chip." The
y recognized

on component reliability based on field accumulated data. Examples of such publications

e Reliability,"
n program in

tion of two or

A3.1 The oyerall failure rates fofithe alarm shall not be greater than indicated in Table A3.1.
~ Table A3.1
Maximum Alarm Failure Rate
Method:of-failure rate computation Maximum alarm failure rate (failures per mjllion hours)
Parts count 3.5
Parts stress analysis 4.0
Screening burn-in 4.0
Published reliability data 4.0
Any combination of above Lower failure rate number

CRITERIA FOR ACCEPTANCE OF MICROELECTRONIC DEVICES
A4 General

A4.1 The evaluation and criteria for acceptance of microelectronic devices consists of a two part
procedure:

a) Part | consists of a quality assurance screening program either by the component vendor or
alarm manufacturer, to assure uniformity of production.
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b) Part Il includes a determination of a failure rate for the device supplemented by a one time burn-
in test.

A4.2 Although this program is oriented primarily to custom integrated circuit "chips," it can also be
applied for other microelectronic devices.

A4.3 Components that meet the requirements of this program shall be distinctively marked for
identification purposes. The alarm manufacturer shall maintain on file, accessible to an inspector, copies of
the purchase and shipping orders for all alarms and "chips" so that a tally of alarms shipped can be

compared to the quantity of screened devices procured from the component vendor.

A5 Quality Assurance Screening Program

A5.1 The fqgllowing minimum screening program (see Table A5.1) is to be established*by either the
component mjanufacturer (vendor) or the alarm manufacturer. If the screening programyis gonducted by
the componept manufacturer, each lot or shipment to the alarm manufacturer is to,belaccornpanied by a
certificate of gompliance with the Quality Assurance Screening Program.
Table A5.1
Minimum Screening Programs
A. HERMETIC PACKAGES
1. Internal viqual (Method 2010.1, Condition B modified) 100 %o*
2. Bond strength (Method 2011) Sample Basis®
3. Stabilizatidqn bake (Method 1008C, 150 °C, 24 hours) 100 $6°
4. Temperature cycling (Method 1010C, minus 55 °C to 150 °C\10cycles) 100 %o®
5. Seal (Fine|eak, Method 1014B 5x1078 CC/Sec) 100 %o°©
6. Seal (Gross leak, Method 1014B fluorocarbon) 100 Po
7. Functionallelectrical, 25 °C 100 o
8. External vipual, Method 2009 100 Po
9. Quality coffformance AQL 1.5 % per MIL-STD 105
Level| Il
a) Functional electrical, 25 ¢C
b) Tempperature cycling (Method 1010C, minus 55 °C to 125 °C, 10 cycles)
c) Seal (Fine leak/Method 1014B, 5x1078 CC/Sec)"
d) Exfernal Visual, Method 2009
B. PLASTIC PACKAGES
1. Internal vidualMethod 2010.1, Condition B modified) 100 %°

2. Bond strength (Method 2011)

6. Quality conformance

a) Functional electrical test, 25 °C
b) Temperature cycling (Method 1010C, minus 55 °C to 125 °C, 10 cycles)
c) External visual, Method 2009

Sample Basis?®

3. Temperature cycling (Method 1010C, minus 55 °C to 125 °C, 10 cycles) 100 %°
4. Functional electrical test, 25 °C 100 %
5. External visual, Method 2009 100 %

AQL 1.5 % per MIL-STD 105

Leve

@ Modified procedures or sample lot sizes are to be submitted for review.

Table A5.1 Continued on Next Page
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Table A5.1 Continued

inspection.

b Stabilization bake may be waived if production process includes equivalent conditioning.

¢ May be reduced to 1.5 % AQL when vendor's first lot of 25,000 units shows statistical justification.
4 May be waived if justified by the reject rate in Item AS5.

¢ Thermal shock Method 1011.1, Condition B or C, may be substituted.

fMay be waived if the sample lot used in the burn-in test is subjected to 100 cycles of the temperature cycling and no devices fail
as a result of the temperature cycling. The manufacturer shall then perform an annual audit of the device package type. This audit
may be in the form of selecting samples from the same package type and subjecting them to the Temperature Cycling or Thermal
Shock (Methods 1010C or 1011.1, Conditions B or C, Military Handbook 883D, April 9, 1979). Records shall be maintained for

A5.2 The td
31, 1977 and

A6 Determlination of Failure Rate Number Supplemented by Burn-In Test

A6.1 Gene
A6.1.1 The
the overall re
energy table
installation a

A6.2 Detern

A6.2.1 The

a) Esfimate numerical failure rate desired)

b) Se

c) Us
initial

d) Us

e) Sa

initial

config

If a di
of Po

ral

st methods and conditions referenced in Table A5.1 are based on MIL-STD-88
its most current revisions.

objective of this part is to determine a numerical failure rate for the device to b
liability calculation of the alarm. The method employsArrehenius calculations

5 to correlate elevated temperature operation to a failure rate of 38 °C (100 °
mbient temperature of the alarm).

mination sequence

following step-by-step procedure is to be employed in determining the failure raf

ect desired test temperature.for acceptance test.

ng selected test temperature, refer to curves in Figure A6.1 to determine relate
conditional acceptance and final acceptance.

ng the equation in A6.5.1 and the initial conditioning test time determined in AG.1

mple lot size\to be used in temperature test is determined from Table A6.1. T
sample lef)sizes based on expected failure rates in percent per 1000 hours at
ence level'and number of devices that fail during the test, the latter listed as acq

sson's Exponential Binomial Limit? at a 60 percent confidence level.

BB dated July

employed in
nd activation

F) (maximum

e number.

i test time for

P.1(c)

his table lists
a 60 percent
ept numbers.

fferent-temperature is employed, lot sizes can be derived from a table of Summation of Terms

f) Using the Arrehenius equation and the final test time determined in A6.2.1(c), calculate the
failure rate of the device for final acceptance.

d Reliability Handbook by W. Grant Ireson
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Figure A6.1
Time-temperature regression and allowable time limits for test condition
Curve B (Final Acceptance)
Curve A (Initial Conditioned Acceptance)
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