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INTRODUCTION
1 Scope

1.1 These requirements cover electrically operated single and multiple station smoke alarms intended for
open area protection in indoor locations and portable smoke alarms used as "travel" alarms in accordance
with:

a) National Fire Alarm and Signaling Code, NFPA 72;

b) Standard for Recreational Vehicles, NFPA 501C, for smoke alarms intended for use in
recreational vehicles;

c) For smoke alarms intended for use in recreational boats:
1) Fire Protection Standard for Pleasure and Commercial Motof Craft, NFPA 302,
2) AC and DC Electrical Systems on Boats, ABYC E-11, and

3) The applicable regulations of the United States Coast Guard.

1.2 A single station smoke alarm (e.g. ionization-type; photoelectric-type, |smoke alarm with
supplementary heat detection type, combination smoke~type, multi-criteria type), ps defined by these
requirements, is a self-contained fire alarm device that:consists of an assembly of glectrical components
including a smoke sensor/ chamber, alarm sounding:appliance, and provision for cgnnection to a power
supply [source, either by splice leads, terminals, @ cord and plug arrangement gr containing integral
batterigs to detect one or more products of combustion. The products of combustion may consist of visible
as welllas invisible smoke particles, gases, heat, radiant energy, and water vapor. Aflditional functionality
such a$, a supplemental heat detector, terminals for connection to a remote audibl¢ signaling appliance
(device)) or accessory, and an integrak transmitter to energize a remote audible| signaling appliance
(devicd)) is permitted to be incorporatedas part of the smoke alarm assembly.

1.3 Smoke alarms not intended for interconnection are defined as single-station typg.

1.4 Multiple station unitsare single station smoke alarms that are:

a) Interconnéeted so that actuation of one results in alarm sounding by all irfterconnected smoke
alarms, or

b) Smoke alarms that are connected to remote heat detectors or heat alarms.

1.5 TheseTequirements, where applicabte, atsocoveratttemoteaccessories thatare to be connected.

1.6 This standard does not cover the following:

a) Smoke detectors of the non-self-contained type that are intended for connection to a household
or industrial system control unit. These are included in the Standard for Smoke Detectors for Fire
Protective Signaling Systems, UL 268;

b) Mechanically operated single and multiple station fire alarm devices that are specified in the
Standard for Single and Multiple Station Heat Alarms, UL 539;

c) Heat detectors — except for the requirements in the Fire Test — Smoke Alarm with Supplementary
Heat Detection, Section 72, incorporated as part of a single station smoke alarm assembly whose
requirements are covered in the Standard for Heat Detectors for Fire Alarm Signaling Systems, UL
521 or and/or when part of a multi-criteria smoke alarm.
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d) An accessory that is provided with a means to transmit alarm signals to a constantly attended,
remote monitoring location. Any accessory capable of transmitting these types of signals is
covered by the requirements in the Standard for Household Fire-Warning System Units, UL 985 or;

e) A gas and vapor detector or sensor incorporated as a part of a smoke alarm assembly and
covered by the Standard for Single and Multiple Station Carbon Monoxide Alarms, UL 2034, or
except when part of a multi-criteria smoke alarm.

2 Assembly

2.1 A smoke alarm shall be so constructed that it will be reliable and sufficiently durable for its intended
installation and use.

22 A
such re

2.3 Ur
apply to

huirements may be modified if appropriate for the particular application:

less specifically indicated, the construction requirements specified*for a sm
any remote accessories with which it is to be used.

3 Components

3.1 Ex
requirer
product

32 A

cept as indicated in 3.2, a component of a product,covered by this standard s
hents for that component. See Annex D for a list.of standards covering com
5 covered by this standard.

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

33 A
use.

3.4 Sp
capabili
tempera

) Involves a feature or characteristic not required in the application of th
roduct covered by this statement or

) Is superseded by a requirement in this standard.

ecific companents are incomplete in construction features or restrict

tures notexceeding specified limits, and shall be used only under those specif

component of a smoke alarm shall comply with the requirements for that corlponent, except that

pke alarm shall also

hall comply with the
ponents used in the

b component in the

component shall be used in accordance with its rating established for the infended conditions of

bd in performance

fies. Such{components are intended for use only under limited conditiops, such as certain

ic conditions.

4 Units of Measurement

4.1 Values in parentheses are explanatory or approximate information.

5 Referenced Publications

5.1 Where reference is made to other publications, such reference shall be considered to refer to the
latest edition and all amendments published to that edition up to the time when this Standard was
approved.

UL Standards

UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 521,
UL 985,

Heat Detectors for Fire Protective Signaling Systems
Household Fire Warning System Units
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UL 1730, Smoke Detector Monitors and Accessories for Individual Living Units of Multifamily Residences
and Hotel/Motel Rooms

NFPA

ANSI/NFPA 70, National Electrical Code
ANSI/NFPA 72, National Fire Alarm and Signaling Code
NFPA 302, Fire Protection Standard for Pleasure and Commercial Motor Craft

ASTM International

ASTM B117-16, Standard for Salf Spray (Fog) Testing

ASTM [MNL12, Manual on the Use of Thermocouples in Temperature Measu}ement — Edition 4,
1993.01.01
ISO

ISO 82D1, Acoustics — Audible Emergency Evacuation Signal
ISO/FOIS 8201, Acoustics — Audible and other emergency evacuation signals

Department of Defense

MIL-HDBK-217F(2) — February 28, 1995, Reliability Rrediction of Electronic Equipment
MIL-ST|D-750E(2) — November 30, 2016 Test Methods for Semiconductor Devices
MIL-ST|D-883K(2) — February 22, 2017 Test Methods Standard Microcircuits

Acoustical Society of America

ANSI/ASA S3.41, Audible Emergency Evacuation Signal
IEEE
ANSI/IEEE C62.41, IEEE Recommended Practice on Surge Voltages in Low-Voltage |AC Power Circuits
Amerig¢an Boat and-Yacht Council

ABYC-E_115:AC and DC Electrical Systems on Boats

Federdl-Gommunications-Coemmission

FCC 47 CFR Part 15.247
6 Glossary
6.1 For the purpose of this standard the following definitions apply.

6.2 BROILING — The fresh-frozen hamburger cooking process used to cook the fresh-frozen hamburger
in the oven of an electric range.

6.3 COMBINATION SMOKE ALARM — A smoke alarm that employs more than one smoke detecting
principle in one unit. The sensor output signals are individually evaluated but not combined to determine
when an alarm signal is warranted.
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6.4 COMPONENT, LIMITED-LIFE — A component which is likely to fail during the anticipated service life
of a smoke alarm and be periodically replaced and the failure of which is monitored, when failure of the
component affects the intended operation, gas and/or smoke sensitivity, or both. Typical examples of such
components include incandescent lamps, electronic tube heaters, and functional heating elements.

6.5 COMPONENT, RELIABLE — A component that is not expected to fail or be periodically replaced and
is not monitored. A reliable component shall have a predicted failure rate of 2.5 or less failures per million
hours as determined for a "Ground Fixed" (GF) environment by Military Standardization Handbook, MIL-
HDBK 217F, or equivalent (see Annex C).

6.6 CONFORMAL COATING - A protective covering applied on a printed-wiring board capable of
conforming to the configuration of objects coated, used to increase the dielectric voltage-withstand

capabili
may be
parts of

6.7 DH
smoke
or degr

6.8 EN
the dev
compory
employs

6.9 FI
micropr

6.10 (

ly between conductors and/or to protect against environmental conditions.
used on printed wiring boards where electrical spacing's are insufficient betw
opposite polarity or between such parts and accessible dead-metal parts:

RIFT COMPENSATION — A feature of a smoke alarm that monitors*and auto
dation of the sensor component(s).

ID-OF-LIFE-SIGNAL — An audible signal, differing freni the alarm signal, inte
ce has reached the end of its useful life and shaUld’be replaced. It is pern]

ent of the signal to be of the same format as»a trouble signal, provided
bd to differentiate between the end-of-life and other trouble conditions.

RMWARE — For the purpose of this Standard, software programs residing
bcessor or in a nonvolatile memory chip*within smoke alarm and accessory de

BAS SENSITIVITY — Relative degree of response of gas sensor(s) that are u

Conformal coatings
een uninsulated live

matically adjusts the

larm's smoke sensitivity, example: to the gradual build-up of centaminants in the sensing chamber

nded to indicate that
itted for the audible
B visual indicator is

permanently on a
ices.

5ed within the multi-

criteria $moke alarm as defined by the:-manufacturer and verified by the tests required jn this Standard.
6.11 HEAT ALARM, SINGLE-STATION - A self-contained fire alarm system compriging of a heat alarm,
an alarm sounding device,\and a stored energy source (wound spring) incorporated in one integral

package.

6.12 H
rise.

EAT DETEETOR - A device that detects an abnormal high temperature or|rate of temperature

6.13 L
results i

Eries resistance that

QW 'BATTERY TROUBLE POINT — Any combination of battery voltage and s
an-—andt

blatratihia cianal feamn o hattam, Anaratad Sloeas
DTCTroToCorgrar T o a atcry-opCratCtarartTr:

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

(Reproduced with permission from NFPA 72® -2019, National Fire Alarm and Signaling Code® Copyright © 2018, National Fire
Protection Association. This reprinted material is not the complete and official position of the NFPA on the referenced subject, which
is represented only by the standard in its entirety which may be obtained through the NFPA website at www.nfpa.org.)

(NFPA 72® and National Fire Alarm and Signaling Code® are registered trademarks of the National Fire Protection Association, Inc.,
Quincy, MA.)

6.15 MULTI-CRITERIA SMOKE ALARM — An alarm comprised of a smoke sensor plus one or more
additional sensors such as heat, radiant energy, fire gases or smoke that operates on different principles.
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Each sensor in the set is separately monitored for the presence or absence of physical stimuli. The
individual signal from each sensor is mathematically evaluated together with the signals from the other
sensor(s) to determine when a smoke alarm signal is warranted. Aside from this smoke alarm signal, the
smoke alarm may generate other independent alarm signals such as but not limited to a CO alarm, heat
alarm, or a flame alarm for which each alarm type complies with the applicable standard.

6.16 NUISANCE SENSOR — A component on a smoke alarm that is solely used to identify nuisance
(non-fire) conditions.

6.17 PRODUCTION GAS SENSITIVITY — A gas sensitivity range equal to or less than the sensitivity
limits determined by the applicable tests required in this Standard. This range is used to verify sensitivity
calibration in Section 91, Sensitivity Calibration Tests.

6.18 PRODUCTION SMOKE SENSITIVITY — The smoke sensitivity ~fange produced during
manufgcture, established by the tests in this Standard within the limit outlinedin Tablg 37.1, Most sensitive
visible |smoke obscuration limits (gray smoke), and Table 37.2, Measufing ionizgtion chamber (MIC)
measufement, for single criteria smoke alarms. For multi-criteria smokeé alarms, smoke sensitivity limits
may b provided by the manufacturer.
6.19 RISK OF ELECTRIC SHOCK — A risk of electric shock is determined to exist af any part when:
a) The potential between the part and earth groundyor’any other accessible pprt is more than 42.4
volt peak and
b) The continuous current flow through a»>1500 ohm resistor connected pcross the potential
exceeds 0.5 milliampere.
6.20 RISK OF FIRE — A risk of fire is determined to exist at any point in a circuit whefe:
a) The open circuit voltage is more than 42.4 volt peak, and the energy ayailable to the circuit
under any condition of load,(including short circuit, results in a current of 8 amperes or more after 1
minute of operation, or
b) A power of moreithan 15 watts is deliverable into an external resistor conneg¢ted between the two
points.
6.21 $MOKE ALARM ACTIVATION — An audible signal that lasts at least two complete cycles of the
temporpl pattern:
6.22 EMOKE ALARM SENSITIVITY — Relative degree of response of a smoke sengor in a smoke alarm
as measured-in-percentim-obscuration{percentft-obseuration)—-Ahigh-sensitivity-denotes response to a

lower concentration of smoke than a low sensitivity under identical smoke build-up conditions.

6.23 SMOKE ALARM AUDIBLE SIGNAL — The Audible Emergency Evacuation Signal as defined in
ANSI/ASA S3.41, Audible Emergency Evacuation Signal, ISO 8201, Acoustics — Audible Emergency
Evacuation Signal, or ISO/FDIS 8201, Acoustics — Audible and other emergency evacuation signals.

6.24 SMOKE ALARM WITH SUPPLEMENTARY HEAT DETECTION — A smoke alarm that responds to
excessive concentrations of smoke or heat in compliance with 17.6, Supplementary heat sensor, and
Section 72, Fire Test — Smoke Alarm with Supplementary Heat Detection, but are not fully compliant to the
Standard for Single and Multiple Station Heat Alarms, UL 539. The sensor output signals are individually
evaluated but not combined to determine when an alarm signal is warranted.
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6.25 SMOKE SENSITIVITY — Relative degree of response of a smoke sensor in a smoke alarm as
measured in percent/ft obscuration (percent/m obscuration). A high sensitivity denotes response to a
lower concentration of smoke than a low sensitivity under identical smoke build-up conditions.

6.26 SMOKE SENSOR/CHAMBER — Components of a smoke alarm that sense particulate.

6.27 SPECIFIED LIFETIME — For purposes of this standard, specified lifetime will be referred to as
“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 or the fully assembled unit in its final enclosure, or the date the unit is placed into service.

6.28 TRANSCEIVER — A device capable of transmitting and receiving wireless signals.

6.29 TROUBLE SIGNAL — A visible or audible signal intended to indicate a faultortrpuble condition.

6.30 \OLTAGE CLASSIFICATION — Unless otherwise indicated, all voltage and curfent values specified
in this sfandard are rms:

@) Extra-Low-Voltage Circuit — A circuit that has an AC voltage-of not more than 30-volts alternating
urrent (AC) (42.4 volts peak) and maximum power of 100 volt-amperes, such as supplied by a
Class 2 transformer; or a circuit of not more than 30-yelts direct current (DC) spupplied by a primary
battery; or a circuit supplied by a combination of a t{fansformer and fixed impedance, that as a unit,
omplies with all the performance requirements:of a Class 2 transformer. A dircuit that is derived
from a supply circuit of more than 30 volts by-Connecting resistance or impedance, or both, in
series with the supply circuit to limit the_xeltage and current, is not identified as an extra-low-
oltage circuit.

) Hazardous-Voltage Circuit — A ciretit having characteristics in excess of thpse of an extra-low-
oltage circuit.

6.31 WATERTIGHT — A product:that is constructed to prevent water from entering the enclosure under
any condition other than submersion.

7 Smoke Alarm Reliability Prediction

7.1 Smoke alarms-shall be constructed to a maximum failure rate of 4.0 failures per million hours as
calculated by a full"part stress analysis prediction as described in Section 2.0 of Military Standardization
Handbdgok, MIL-HDBK 217F or 3.5 failures per million hours as calculated by a simplified parts count
reliability prediction as described in Section 3.0 of MIL-HDBK 217F, or equivalgnt. See Annex C,
Instructjons)for Determining a Reliability Prediction of Electronic Components and Midroelectric Circuits. A
"Ground Fixed" (GF) environment is to be used for all calculations. When actual equivalent data is
available from the manufacturer, it is permissible that it be used in lieu of the projected data for the
purpose of determining reliability.

7.2 Any component whose failure:
a) Results in energization of an audible trouble signal, or
b) Results in energization of a separate visual indication (orange or yellow), or
c) Results in de-energization of a power-on light, or
d) Does not affect the normal operation, or

e) Is evaluated by specific performance tests included in this standard
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is not required to be included in the failure rate calculation. Examples include but are not limited to the
audible signal appliance, non-compulsory thermostat, test switch, battery contacts and functional light
source (LED or IRLED) that is supervised for light degradation as well as additional failures as specified
within this standard and/or as identified by the manufacturer.

7.3 An integral or remote accessory is not required to be included in the reliability prediction except for
those components whose failure affects the normal operation of the alarm.

7.4 A reliable light emitting diode (LED) of a single station smoke alarm employing a photocell-light
assembly shall have a predicted failure rate of not greater than 2.5 failures per million hours.

7.5 An application specific integrated circuit (ASIC) employed in a smoke alarm shall have a predicted
failure fate of not greater than 2.5 failures per million hours. The failure rate is tosbg determined through
evaluatfion of data in a 3000 hour burn-in test, or equivalent.

7.6 Al|gas sensor or a gas-sensing component supervision system ¢of ‘an alarnjing device shall be
providgd with the following:

) Reliability data developed using the Military Standardization Handbook,
quivalent demonstrating a predicted failure rate of notore than 2.5 failu
peration (see 7.5); or

b) Supervision of the predicted failure modes other than for loss of electrical cg

) If the sensor is automatically and periodically tested for its performance re
as (acceptable proxy gas), and results~in a trouble signal when the
pecification, then the sensor can be ex¢luded from the reliability calculation.

7.7 Dpcumentation of the failure modes, resulting from aging for the gas sensor in a
the sersing components and identification of failure modes addressed by the superv
providdd. The manufacturer shall submit a test method to render the sensor unrg
concenftrations as specified by the manufacturer if the documentation submitted f
sensing components indicates drift in the less sensitive direction. This method

condudting the Electrical Supervision Test, Section 41. All predicted failure modes sh
signal.

78 |
alarms|are required to be included in the reliability prediction.

8 Manufacturer's Published Instructions

MIL-HDBK 217F or
es per million hours

ntinuity; and

sponse to the target
sensor drifts out of

multi-criteria alarm or
sion system shall be
sponsive to the test
br the sensor or the
shall be used when
all result in a trouble

egral transceiver and related components used for non-supervised, wirg¢less interconnected

8.1 A copy of the manufacturer's published instructions, which includes install

ation and operating

instructions, related schematic wiring diagrams, and installation drawings shall be used as a reference in
the examination and test of the smoke alarm. For this purpose, a printed edition is not required. The
information is to be included in a homeowner's manual. See MARKING, Section 99, General; Section 100,
Packaging Marking; and INSTRUCTIONS, Section 101, General.

8.2 The manufacturer's published instructions shall include such directions and information as deemed
by the manufacturer to be required for proper installation, testing, maintenance, operation, and use of the
smoke alarm.
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9 Automatic Drift Compensation for Smoke Sensing

9.1 Where automatic drift compensation of smoke sensitivity is provided and initiated within the smoke
alarm, the alarm shall initiate a visual and/or audible trouble condition when drift compensation is no
longer capable of making additional adjustments to the smoke sensitivity of the smoke alarm. The trouble
signal(s) created when reaching the drift compensation limit shall differ from the low battery signal but may
be identical or similar to trouble signals for other supervised conditions. The trouble signal shall be
activated when the limit of compensation is reached.

9.2 For alarms with adjustable smoke sensitivity settings, after automatic drift compensation has
occurred, the smoke sensitivity of the smoke alarm shall be within 1.65 percent/m (0.5 percent/ft)

obscuration of the initial smoke sensitivity when tested as described in 42.5.1 — 42.5.4 (Test method).

9.3 Fg
occurre

94 THh
comper
than 50
sensitiv

r alarms without adjustable smoke sensitivity settings, after automatic’ drif
 the smoke sensitivity of the smoke alarm shall remain within the manafacture

sation steps over a twenty-four hour period shall not change the clean-air refe
percent of the shift necessary to indicate an alarm signal and shall no

value shall not exceed 5 percent every 2.4 hours.

10

10.1 A
multiple
interferg
of this
(Norma
11 S
11.1 T
for mea
snap-of|
parts ar

11.2 T
of a me

Non-fire Feature

non-fire feature, such as carbon monoxide-detection, shall be used in com
station smoke alarm or both, or an accessory only when a non-fire feature
with operation of the smoke alarm oraccessory and complies with all the app
standard. See smoke alarm reliability in 7.3 (Smoke Alarm Reliability Pre
Operation Test).

oke Sensitivity Indicating Means (Optional)

his requirement applies to end product installation smoke alarms that are prq
suring or indicating.the nominal sensitivity or a sensitivity range, as described i

e exposed-or.are able to be contacted by the user.

he measuring or indicating instrument may include the use of jacks or termina
er, visual indicators (such as a change in frequency of a pulsing light visible w

e compensation shall not adversely affect the operation of the ‘smoke alarny.

to

compensation has
r's identified range.

The summation of
rence value by more
impact the smoke

ty of the smoke alarm as specified in 9.2. Maximum compensation rate of thg clean air reference

on with a single or
es not degrade or
icable requirements
diction) and 38.1.9

vided with a means
h 11.2. Removal of a

cover to gain‘access to the sensitivity control is permissible, only when n¢ hazardous-voltage

s for the connection
ith the smoke alarm

achanina ioa fapinh oo Aacaribhad tn 44 D\ ~Ap Sy, arra Ay

installed);-6p

nof o o | Aoy
\JIUI.IUII o ameenarHearGewHee \ouun as-geserbeatH—1 O, U arty arrarnty

5ment determined to

be equivalent. An instrument used for measuring smoke sensitivity of a smoke alarm shall be provided

with the

following information and features:

a) The instrument shall have the capability to determine if the smoke alarm is
smoke sensitivity range. If the instrument contains a numerical readout, a chart shall be provided
with the instrument to indicate the acceptable production smoke sensitivity range of each model of
smoke alarm that it is capable of testing. A chart is not required for a numerical readout in units of
percent obscuration per m (ft).

within its production

b) Instructions for the instrument shall clearly state the operating temperature range of the

nstrument.

c) If a warm-up period is required, the instrument shall clearly state this period.
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d) The instrument shall include the description of the method used to confirm the calibration of the
instrument and the period at which re-calibration is required.

e) The instrument shall have provision to identify its date of last calibration.

f) The instrument shall have a method of identifying to the user that it is not calibrated, if low
batteries, dirty filters, or the like, affect the instrument.

11.3 The test feature of such an alarm shall verify that the smoke sensitivity alarm is within its marked
range. Unless it is employed on an alarm that has other means of measuring its smoke sensitivity, the test
feature shall consist of either an electrical means or a mechanical device which simulates a specified level
of smoke in the sensing chamber.

11.4

conne
conne

11.5

have amechanical stop on the adjusting means for the maximum andyminimum settin

12 Maintenance (Field Cleaning)

12.1

he use of a plug-in type alarm assembly that is removed readily for~ins
ed to metering equipment is permissible. A plug-in type alarm that\is r
ed to metering equipment is also permissible.

n alarm that incorporates a variable smoke sensitivity setting inténded to b

f recommended by the manufacturer, the smoke.alarm shall be cleaned withou

a) Degradation of performance when tested in accordance with 86.2, Mainteng

prtion of an adapter
emoved readily and

e field adjusted shall
0S.

t:

nce (cleaning); and

b) Disturbance of field wiring.

13 Alprm Silencing Feature
13.1
has a {
silencir
manufg
minimu
signal
intendsg
operati

Fach smoke alarm shall be(provided with an automatically resettable alarm
ixed or variable time setting which desensitizes the alarm for a maximum d
g shall not disable the .smoke alarm. Sensitivity shall not be reduced to les
cturer's minimum-Sensitivity setting test group as determined from the Unijformity of Operation
m sensitivity defined in 42.6.1(b). Each alarm shall produce a distinctive aud|ble or visible trouble
vhile in the silence mode. Following the silenced period, the alarm shall restofe automatically to its
d operation:'Silencing of one alarm of a multiple station system shall npt prevent an alarm
bn from(the other alarms in the system. See Section 40, Alarm Silenced Test.

Silencing means that
f 10 minutes. Alarm
s than 125 % of the

NOTE: F
4 %/ft md

ion 42, Sensitivity Test) of

pr example, a smoke alarm with a minimum sensitivity (smoke box sensitivity as specified in Sec

ly have its sensitivity reduced to 5 %/ft during the alarm silence period

13.2 When a variable adjustment is provided on an alarm to vary the silenced period, the adjustment
means shall be provided with a mechanical stop, or the equivalent, so that the maximum 10-minute
limitation is not exceeded.

13.3 When single station smoke alarms are configured in a multiple station connection (interconnection
of two or more smoke alarms), the smoke alarm that initiates an alarm signal shall be designed to be
silenced through a manual operation by physically depressing the alarm silence feature on the initiating
alarm.

13.4 As an optional feature, the manufacturer is permitted to include an additional wireless
communication remote silencing feature. If included and tested for compliance with the requirements
outlined in 13.7, the wireless communication remote silence feature may be activated through a remote
device and shall be capable of providing additional instructions for the user to confirm his physical
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proximity to the initiating smoke alarm. Manufacturers that include a wireless communication remote
silencing feature shall include language on their remote device for the user to confirm his physical
proximity to the initiating smoke alarm, and that the user verified the presence or absence of smoke/fire at
the initiating alarm(s) before silencing the alarm signal using the remote device.

13.5 A multiple-station interconnected smoke alarm that produces an alarm signal (wired, wireless, relay,
audible and/or visual) shall be permitted to be silenced by either of the following:

a) By activating the alarm silence feature on any multiple station interconnected smoke alarm,
provided the smoke alarm that initiated the alarm signal remains in alarm; or

b) By physically depressing the alarm silence feature on the initiating smoke alarm(s), as noted in
12 2 Ar

) By activating the wireless communication remote silencing feature using argmote device.

Exceptipn: In the event that the initiating alarm(s) cannot be silenced per.the requirements in 13.1, it is
permittad that the smoke alarms providing an alarm signal resulting from the multiple-station interconnect,
excluding the initiating alarm(s), be silenced but not exceed the limits defined in 13.1.

13.6 Upon activation of an alarm signal from a smoke alarm_in the multiple-station cjrcuit, or reactivation
of the alarm signal from the originating smoke alarm, all alarms,in the multiple-station ipterconnect shall re-
initiate their alarm signal.

13.7 3Ymoke alarms with a wireless RF communication remote device and employing a remote alarm
silence feature shall be tested in accordance with:one of the following requirements:

@) The remote transmission radio of the' smoke alarm shall comply with FCC #7 CFR Part 15.249
for the frequency band used and the'field strength limits:

1) Frequency range
i) 2.4 GHz\(2.4 GHz — 2.4835 GHz)
ii) 900:MHz (902 — 928 MHz)
iif)-5.8 GHz (5725 — 5875 MHz)
2)-Field strength
i) 94 dBuV/m @ 3m

or

b) The remote transmission radio of the smoke alarm shall comply with FCC 47 CFR Part 15.247
for the frequency band used and the field strength limits:

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

c) The manufacturer shall provide a defined test procedure, test frequency

and field strength in

compliance with FCC regulations that demonstrate the open field (line of sight) transmission range

of the smoke alarm does not exceed 300 m (984 ft).

13.8 Where a visible signal device or component is used as an optional feature, the alarm silence feature
may be permitted to deactivate the visible signal device or component.

14 Smoke Sensitivity Test Feature

14.1

A smoke alarm shall incorporate means for manual test of its operability and sensitivity by

mecha
shall b
entire |
Smoke

14.2
also adg|

nically or electrically simulating a preset level of smoke in the sensing cham
b externally accessible when the unit is installed as intended and shall_test
nit with the exception of the trouble indicating part of the circuit, whichimay beg
sensitivity test feature.

Vhere a visible signaling device or component is used for thessmoke sensitivi
tivate the visible signaling device or component.

15 Batteries

15.1

15.1.1
station

15.1.2
preven
the end

15.1.3
chargir

15.14
without
equival
not be

Seneral

When a battery or set of batteries is used-as the main source of power o
smoke alarm, it shall comply with the requirements of the Battery tests, 86.3.

Batteries included as part of an_atarm shall be so located and mounted that
ed from coming in contact with“uninsulated live parts, terminals or adjacent c
losure as a result of shifting,

A battery compartment intended for use with rechargeable batteries whic|
g shall be providedwith vent holes.

Ready access~shall be available to the battery compartment to facilitate
damage to the alarm components or disassembly of any part of the alarm, exa
ent. When the battery is capable of powering the alarm for a minimum of 10 yg
ser replaceable.

ber. The test means
he operability of the
excluded. See 42.7,

ly test feature it shall

a single or multiple

ferminals of cells are
plls, or metal parts of

h emit gases during

battery replacement,
ept for a cover or the
ars, the battery shall

15.1.5

Conmections of extermatwirngtoa battery-operated singte=ormuttipte=statio

n smoke alarm, or to

a portable accessory, shall not be subjected to stress or motion during battery replacement, servicing, or
both. Removal of the alarm or accessory from the mounting support to replace a battery or to service the
unit shall occur only when the connected wiring is not subjected to flexing or stress.

15.1.6 A smoke alarm powered by a non-replaceable, ten-year life battery shall be provided with a
means of activating the power prior to installation and deactivating the battery at the end of 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 manufacturer's
published instructions shall provide the user with information describing this one-time operation. See
101.1(p).
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15.2 Battery removal/deactivation indicator

15.2.1 Removal of a battery from a battery-operated (or AC with battery back-up) smoke alarm shall
result in a readily apparent and prominent visual indication. The visual indication shall consist of one of the
following:

a) A warning flag that is exposed with the battery removed and the cover closed;
b) A hinged cover that is resistant to being closed with the battery removed;

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

) An audible or audible and tactile trouble signal on an AC powered smoke alarm with battery
ack-up;

) An arrangement to render the unit resistant to reinstallation; or

) A local audible, local audible and tactile, or local visual indication'at the contr¢l panel.

15.2.2 | Deactivation of the battery of a smoke alarm that uses a~-hon-replaceable battery with a 10-year
minimum battery life shall result in a readily apparent and prominent indication. The infication includes but
not limited to the following:

) A warning flag that is exposed when the battery\is deactivated and the cover|closed;
) A hinged cover that is resistant to being-closed when the battery is deactivated;

) An audible or audible and tactile trouble signal on an AC powered smokge alarm with battery
ack-up when the battery is deactivated,;

) An arrangement to render the Unit resistant to reinstallation; or

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

15.2.3 |When a warning-flag, or equivalent, is employed to comply with the requirement of 15.2.1 or
15.2.2, |t shall be marked,as required in 99.6 (Marking).

16 Firmware Update (if provided)

16.1 General

16.1.1 A firmware release level shall identify the firmware of a product. A new release level shall be
assigned due to any changes in the firmware.

16.1.2 Program software and code shall not be accessible for modification by the user.
16.2 Firmware update

16.2.1 Products capable of receiving a firmware update shall provide a means of indicating the current
firmware version of the unit

16.2.2 The manufacturer shall provide documentation which details the differences:

a) From the original to each subsequent firmware version and
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b) Between subsequent versions (if applicable).

16.2.3 Firmware updates for smoke alarms shall not occur when the battery (primary or secondary)
supply associated with the device has been depleted to the trouble point (refer to 56.2, Battery trouble
voltage determination).

16.2.4 Products capable of receiving a firmware update shall be tested and evaluated for the following
type of applicable firmware updates when the alarm device or accessory is subjected to the specified
operating conditions:

a) Authentic Firmware Update:

—HNormmat-standby—condittomr—=—smoke—atarm—shat-operate—as-intended after receiving an

authentic firmware update.

2) Alarm condition — when detecting smoke during a fire event, a firmware update shall not
interfere with alarm detection and signaling.

3) Loss of power — smoke alarm shall comply with 16.2:6 or 16.2.7.

4) Firmware transmission (data) interruption — smoke alarm shall comply with 16.2.6 or
16.2.7.

b) Duplicate firmware version update:

1) Normal standby condition — smoke“alarm shall operate as intended after receiving a
duplicate firmware update.

c) Corrupt firmware update:
1) Normal standby condition — smoke alarm shall comply with 16.2.6 or16.2.7.
d) Unsigned manufacturerfirmware update:

1) Normal standby condition — smoke alarm shall comply with 16.2.6 or|16.2.7.

16.2.5 | Successful firmware updates shall result in the smoke alarm or accessory dperating as intended
following the update‘and comply with all applicable requirements as defined within thig standard.

16.2.6 | For products capable of receiving an automatic (no end user interaction) update, such as the use
of WiF|, failure to successfully update the firmware shall result in the alarm and agcessory if provided,
revertirjg.to "the previous firmware version and the alarm and accessory if provided shall operate as
originally intended. At a minimum, Secfion 38, Normal Operation Test shall be conducted. As an
alternative, failure to update or revert to the previous firmware revision shall result in a trouble signal.

16.2.7 For products requiring physical interaction to install a firmware update, such as the use of a USB
connection, failure to update the firmware shall result in the alarm and accessory if provided, reverting to
the previous firmware version and the alarm and accessory if provided, shall operate as originally
intended. At a minimum, Section 38, Normal Operation Test shall be conducted. As an alternative, failure
to update or revert to the previous firmware version may result in a trouble signal.

16.2.8 For products that are capable of receiving firmware updates, manufacturers shall provide a
means for the end user to obtain the manual for the updated firmware if any user discernible functionality
has changed.


https://ulnorm.com/api/?name=UL 217 2022.pdf

22 UL 217 OCTOBER 7, 2022

16.2.9 Where firmware updates alter the alarm threshold or smoke detection algorithm, the alarm (with
firmware updates) shall be tested according to Section 42, Sensitivity Test, Section 50, Fire Tests, and
Section 51, Smoldering Smoke Test.

16.2.10 An alarm with firmware updates shall also be subjected to the Smoldering Polyurethane Foam
Tests, 52, and Cooking Nuisance Smoke Test, 53.

CONSTRUCTION
ASSEMBLY

17 Geperal

17.1 Remote accessories

17.1.1 |Unless specifically indicated otherwise, the construction requirements specified for a smoke
alarm shall apply also for any remote accessories with which it is to be employed.

17.2 Smoke sensitivity adjustment (single criteria)

17.2.1 [When a field smoke sensitivity adjustment is provided, it shall be accesgible with the alarm
installed as intended, marked to indicate the direction of.smoke sensitivity (high or loy), and shall employ
a mechgnical stop at both extremes. The smoke sensitivity shall be within the produdtion sensitivity limits
indicated in 42.1.1 (Sensitivity Test). Removal of a snap-on cover to gain access to the smoke sensitivity
control Is permissible only when no high-voltage parts are able to be contacted by the yser.

17.3 Radioactive materials

17.3.1 | The manufacture, importation, "distribution, marking, and disposal of smokg alarms containing
radioactive material are subject to-the safety requirements of local and federal agercies responsible for
the confrol of these materials.

17.3.2 | Documentation werifying compliance with regulating agency requirements|is required for the
smoke alarm.

17.4 Supplementary signaling feature

17.4.1 | Asupplementary signaling feature, such as a transmitter for remote signalihg, included integral
with a single or multiple station smoke alarm, is to be compatible with the devicé(s) with which it is
intended to be employed, and the remote signaling device(s) shall be intended for fire alarm application.

17.5 Insect guards

17.5.1 A smoke sensor shall be provided with a screen or equivalent protection (louvers, slots, holes) as
a deterrent for entry of insects into the detecting chamber. The maximum opening size shall not exceed
1.27 mm (0.05 in).

17.5.2 To determine that the maximum opening size has not been exceeded, openings in rigid
assemblies shall not permit passage of a 1.30 mm (0.051 in) diameter rod. For nonrigid openings, such as
a screen, ten measurements are to be made at different locations by an optical micrometer; five
measurements are to be made in each direction (not on diagonal).
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17.6 Supplementary heat sensor

17.6.1 When a heat sensor is provided integral with a non multi-criteria smoke alarm, the temperature
rating of the heat sensor shall not be less than 57°C (135°F). The heat sensor shall be connected in the
smoke alarm circuit or be intended for connection to a separate circuit.

17.6.2 The temperature rating of a heat sensor shall not be greater than 60°C (140°F), unless the smoke
alarm has been investigated and found appropriate for installation at a higher temperature.

17.6.3 A fixed-temperature heat alarm shall operate within the temperature tolerance range according to
its rating as specified in the operating temperature test of the Standard for Single and Multiple Station Heat

Alarms

UL 539.

18 Sqgrvicing and Maintenance Protection

18.1 ¢

18.1.1
risk of
uninten

18.1.2

hazard
directig
directig
mecha

18.1.3
be con

18.1.4
mainte
intendq
respec
person

18.1.5
electrig

General

njury to persons within the enclosure shall be located, guarded, or enclosed
tional contact by persons performing service functions performed with the equ

Manual switching devices may be located or oriénted with respect to unin
bus moving parts so that manipulation of thesmechanism can be accomp
n of access if uninsulated live parts or hazardous moving parts are not lo
n of access) of the mechanism, or not loCated within 150 mm (5.9 in) of an
nism, unless guarded.

In determining compliance with-18.1.2 only uninsulated live parts in circuits
Sidered.

An electrical control component, which may require examination, adjug
nance while energized’ (excluding voltage measurements except for jacks or
d for that purpose);=shall be located and mounted with respect to other c
to grounded metal parts so that it is accessible for electrical service functio

Other-arrangements of location of components and/or guarding shall be al

An uninsulated live part of a hazardous voltage circuit and.hazardous moving parts that present a

to reduce the risk of
pment energized.

sulated live parts or
ished in the normal
cated in front (in the
y side or behind the

above 30 Vrms shall

tment, servicing, or
ferminals specifically
bmponents and with
s without subjecting

5 to the likelihood of shock hazard from adjacent uninsulated live parts or to accident hazard from
adjacent hazardous-moving parts.

50 acceptable where

al components are accessible for service as indicated by 17.1.1 (Remote acce

5sories).

18.1.6

The following are not identified as uninsulated live parts:

a) Coils of controllers, relays, and solenoids, and transformer windings when the coils and windings

are provided with appropriate insulating overwraps;
b) Enclosed motor windings;
c¢) Terminals and splices with suitable insulation; and

d) Insulated wire.

18.1.7 An assembled part intended to be removed during installation shall be protected against damage
from normal handling.
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18.2 Sharp edges

18.2.1

contact

An edge, or corner of an enclosure, opening, frame, guard, knob, handle, or other similar
projection of a smoke alarm shall be smooth and rounded, so as not to result in a cut-type injury when

ed during use or user maintenance.

19 Enclosure

19.1

19.11

The deg
the atte

alone o

19.1.2

shall be|

19.1.3

shall be

for field

19.1.4
that wo

19.1.5

surface
respons

(Stack

General

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

ree of resistance to abuse inherent in the smoke alarm shall preclude total or

partial collapse with

ndant reduction of spacings, loosening or displacement of parts, and other'sg
in combination result in an increase in the risk of fire, electric shock, or injury t

Enclosures for individual electrical components, outer enclosures, and com
evaluated in determining compliance with the requirement specified in 19.1.1.

All electrical parts of a smoke alarm, including a separate power supply, exce
enclosed to provide protection against contact with uninsulated live parts. A
wiring terminals that will be enclosed by a back box is hot required.

There shall be no rear openings in a smoke alarm through which debris or g
uild affect alarm response.

Following installation as intended thereshall not be any openings between th
and the rear of the smoke alarm which allow for sufficient passage of air to
e from test smoke.

To comply with 19.1.4 and(19.1.5, one of the following methods, or a meth
¢nt, shall be used:

&) An elastomeric rubber or neoprene gasket, or the equivalent, interposed bet
alarm and the mounting surface to seal the rear openings and preclude the
around the edge-of the alarm; or

) The manufacturer's published instructions shall describe the location and m
4 sealing-compound that has been found appropriate for the intended use.

rious defects, which
b persons.

binations of the two

bt for plug-in blades,
separate enclosure

ir currents can pass

b intended mounting
affect smoke alarm

pd determined to be

ween the rear of the
escape of air from

ethod(s) of applying

Test, Section 45.

Effect)

to the Smoke Entry

19.1.8 The enclosure of a smoke alarm shall be provided with means for mounting in the intended
manner. Any fittings, such as brackets or hangers, required for mounting shall be furnished with the smoke
alarm. The mounting means shall be accessible without disassembling any operating part of the smoke
alarm. The removal of a completely assembled panel, cover, or equivalent, to mount the smoke alarm is
not identified as disassembly of an operating part.

19.1.9 If the smoke alarm is intended for permanent connection, the enclosure shall either have
provision for the connection of metal-clad cable, conduit, or nonmetallic sheathed cable or have provision
for mounting on an outlet box.
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19.2 Cast metal enclosures

19.2.1

equival

The thickness of cast metal used for an enclosure shall be as indicated in Table 19.1, Cast-metal
enclosures. Cast metal having a thickness 0.8 mm (1/32 in) less than that indicated in Table 19.1. Cast-
metal enclosures shall be employed only when the surface under consideration is curved, ribbed, or
otherwise reinforced, or when the shape of the surface, size of the surface, or both, are such that

ent mechanical strength is determined to be provided.

Table 19.1
Cast-metal enclosures
Minimum-thiekness
CaLt metal of other than
Die-cast metal, the die-cast type,
Use or dimensions of area involved mm (in) mm (in)

Area of[155 cm? (24 in?) or less and having no dimension greater 1.6 (H16)? 3.2 (1/2)

than 15 mm (6 in)

Area grpater than 155 cm? (24 in?) or having any dimension 24 (3/32) 3.2 (1/8

greaterfthan 152 mm (6 in)

At a threaded conduit hole 6.4 (1/4) 6.4 (1/4)

At an upthreaded conduit hole 32 (1/8) 3.2 (1/8)

2 The afea limitation for metal 1.6 mm (1/16 in) thick is obtained by thé\provision of reinforcing ribs subdivifling a larger area.
19.2.2 | If threads for the connection of conduit are‘tapped all the way through a hole|in an enclosure wall,
or if an|equivalent construction is employed, there shall be not less than 3.5 nor more|than 5 threads in the

metal, and the construction shall be such thata standard conduit bushing can be prop

19.2.3

encloslire wall, there shall be a smooth, rounded inlet hole for the conductors that sha

the con

19.3 ¢
19.3.1

that ing
thickne
reinforg

When threads for the conngction of conduit are tapped only part of the way

ductors equivalent to that provided by a standard conduit bushing.
Bheet metal enclosures

The thickness-of sheet metal employed for the enclosure of a smoke alarm §
icated in{Jable 19.2, Sheet metal enclosures, except that sheet metal of ty
s shall be employed only when the surface under consideration is curved,
ed, or, when the shape of the surface, the size of the surface, or both, are

mecha

erly attached.

through a hole in an
Il afford protection to

hall not be less than
0 gage sizes lesser
ribbed, or otherwise
such that equivalent

nical Strength is determined to be provided.

Table 19.2
Sheet metal enclosures

Maximum dimensions of enclosure Minimum thickness of sheet metal

Length or width, Area, Steel, zinc-coated, Steel, uncoated, Brass or aluminum,
mm (in) cm? (in)? mm (in) GSG mm (in) GSG mm (in) AWG
305 (12) 581 (90) 0.86 (0.034) 20 0.81 (0.032) 20 1.14  (0.045) 16
610 (24) 2322 (360) 1.14 (0.045) 18 1.07  (0.042) 18 1.47  (0.058) 14
1219 (48) 7742  (1200) 1.42 (0.056) 16 1.35  (0.053) 16 1.91 (0.075) 12
1524 (60) 9678  (1500) 1.78 (0.070) 14 1.70 (0.067) 14 2.41 (0.095) 10
1524 (Over 9678 (Over 2.46 (0.097) 12 2.36 (0.093) 12 310  (0.122) 8

60) 1500)



https://ulnorm.com/api/?name=UL 217 2022.pdf

26 UL 217 OCTOBER 7, 2022

19.3.2 At any point where conduit or metal-clad cable is to be attached, sheet metal shall be of such
thickness or shall be so formed or reinforced that it will have a stiffness at least equivalent to that of an
uncoated, flat, sheet steel having a minimum thickness of 1.59 mm (1/16 in).

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

19.3.4 A closure for a hole larger than 35 mm (1-3/8 in) diameter shall have a thickness equal to that
required for the enclosure of the device or a standard knockout seal shall be used. Such plates or plugs
shall be securely mounted. See 25.1, Mounting of components.

19.3.5 [ A knockout in a sheet metal enclosure shall be secured and shall be capablje of being removed
without undue deformation of the enclosure.

19.3.6 | A knockout shall be provided with a surrounding surface for seating of a condpit bushing and shall
be located so that installation of a bushing at any knockout used during installation does not result in
spacingls between uninsulated live parts and the bushing of less thanithose indicated |n Spacings, Section
36.

19.4 Nonmetallic enclosures

19.4.1 [ An enclosure or parts of an enclosure of nonmetallic material shall be formed so that operating
parts arg protected against damage. The mechanical strength of the enclosure shall be at least equivalent
to a shget metal enclosure of the minimum thickness specified in Sheet metal enclogures, Table 19.2, or
Thickngss of glass covers, Table 19.3. See alsq:\Tests on Polymeric Materials, Section(79.

Table 19.3
Thickness of glass covers

Maximum-size of opening
Length or width, Area, Minimym thickness,
hm (in) cm? (in?) mm (in)
02 (4) 103 (16) 1.6 (1/16)
05 (12) 929 (144) 3.2 (1/8)
Over 305 (Over 12) Over 929 (Over 144) See footnote a (See footnote a)

3.2 mnp (148\in) or more, based upon the size, shape, and mounting of the glass panel. A glass panel for 4n opening having an
area grepter than 929 cm? (144 in?), or having any dimension greater than (12 in), shall be supported by a fontinuous groove not
less than 4.8 mm (3/16 in) deep along all four edges of the panel.

19.4.2 The continuity of any grounding system intended for a smoke alarm connection shall not rely on
the dimensional integrity of the nonmetallic material.

19.4.3 Polymeric material used for an enclosure shall comply with the following requirements:

a) Enclosures containing parts including a risk of fire — minimum flammability rating of 5VA or V-0
and compliance with the Flame test — 127-mm (5-in), 79.4.

b) Enclosures containing power limited circuits with a voltage not exceeding 30 volts AC, 42.4
volts-peak, or 60 volts DC — minimum flammability rating of:

1) V-2, or
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2) HB and successful completion with the Flame test — 19-mm (3/4-in),

¢) Enclosures containing circuits powered by batteries with energy limited to
flammability rating of HB.

as described in 79.3.

15 watts — minimum

19.4.4 For 19.4.3, Flammability ratings are defined in the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94.

19.5 Ventilating openings

19.5.1

Ventilating openings in an enclosure, including 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

will per
V peal
openin
providg
preven
with a

rms (42

19.5.2
than 1

19.5.3
live pa

permis
zinc co

19.5.4
mm? (2

19.6

19.6.1

it passage of a rod having a diameter of 3.6 mm (9/64 in) for circuits greate
)- An enclosure for fuses or other overload protective devices and_prov
s shall afford adequate protection against the emission of flame @r-molf
d to permit cleaning or openings which may be used to clean intefhal parts
damage to functional internal components during such cleaning operations
Cover, the requirements of this paragraph apply with the cover open for circu
4V peak).

Perforated sheet metal and sheet metal employed.for expanded metal mg
mm (0.039 in) in average thickness, 1.2 mm (0.047n).when zinc coated.

When the indentation of the guard enclosure does not alter the clearance
rts and grounded metal so as to reduce(sSpacings below the minimum
Sible for 0.5 mm (0.02 in) expanded metal\esh or perforated sheet metal, 0.4
bted, to be employed under the following'conditions:

a) The exposed mesh on any one, side or surface of the product has an area
cm? (72 in?) and has no dimension greater than 300 mm (12 in), or

b) The width of an opening,so protected is not greater than 90 mm (3-1/2 in).

The wires formingia screen employed as a smoke chamber cover shall bg
P AWG) for steet and not less than 0.025 mm? (20 AWG) for aluminum.

Covers

An enclosure cover, other than the type usually employed over the sensin

than 30 V rms (42.4
ded with ventilating
en metal. Openings
shall be arranged to
. For units equipped
ts greater than 30 V

sh shall not be less

between uninsulated
alues required, it is
mm (0.024 in) when

bf not more than 465

not less than 0.032

g chamber, shall be

hinged

sliding, pivoted, or similarly attached when:

a) It provides ready access to fuses or any other overcurrent protective device, the intended

protective functioning of which requires renewal, or

b) It is required to periodically open the cover in connection with the intended operation of the

smoke alarm.

For the purpose of this requirement, intended operation is identified as operation of a switch for testing or
for silencing an audible signal device or operation of any other component of a smoke alarm that requires
such action in connection with its intended performance.

Exception: This requirement does not apply to a photoelectric type smoke alarms where the lamp is
intended to be periodically replaced, or to the battery replacement aspect of an alarm employing a battery
as the main or standby supply.
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19.6.2 A cover that is intended to be removed only for periodic cleaning of the sensing chamber or
replacement of a lamp shall be secured by any one of the following or equivalent means: snap catch, plug-
in or twist action, snap tab with one screw, or two screws.

19.6.3 When a smoke alarm cover is not intended to be removed for cleaning, maintenance, or both, and
the smoke alarm is intended to be returned to the factory for servicing, the cover shall be secured so that it
cannot be readily removed. Exposed screw slots or nuts, other than a tamper proof type, shall be sealed or
covered. See 99.1(s).

Exception: These requirements do not apply when the smoke alarm cover is intended to be removed for
cleaning, maintenance, or both, even though the smoke alarm is intended to be returned to the

manufacturer for servicing.

19.6.4

portions
prevent
the wor|
cover o
Prior Tqg
réparati

19.6.5
shall be

19.7 C

19.7.1
cannot
thicknes

19.7.2
shall hg
shall ng
abnorm

19.7.3
transpa
the perfi

A hinged cover is not required where the only fuse(s) enclosed is intended|to
of internal circuits, such as a fuse on a separate printed wiring board) or cir
excessive circuit damage resulting from a fault. The use of such a fdse(s) sha
d "CAUTION" « MISE EN GARDE » and the following or equivalent marking
a smoke alarm employing hazardous-voltage circuits: "Circuit.Fuse(s) Inside
Servicing." « Fusible(s) de circuit a l'intérieur — Débranchez I'alimentation
DN ».

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

slass panels

Glass covering an enclosure or observation opening shall be held securel
be displaced in service and shall provide mechanical protection of the €
s of a glass cover shall not be less than the applicable value indicated in Table

A transparent material other than glass employed as a cover over an oper
ve mechanical strength eéquivalent to that of glass, shall not become a fire h
t become less transparent at the temperature to which it may be subject
bl service conditions.

A lens, Jlight filter, or similar part of a smoke alarm shall be constructe
rency of which is not impaired by the conditions to which it is exposed in servig
brmance tests described in Sections 37 — 89.

brovide protection to
Cuit subassembly, to
| be used only when

is indicated on the
— Disconnect Power
pour effectuer une

. An unhinged cover

y in place so that it
nclosed parts. The
19.3.

ing in an enclosure
hzard or distort, and
bd under normal or

l of a material the
e as represented by

20 Co

20.1

ion-Proteeti

means determined to be equivalent.

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

Exception: Parts made of stainless steel, polished or treated when required, do not require additional
protection.

20.2 The requirement of 20.1 applies to all enclosures, whether of sheet steel or cast iron, and to all
springs and other parts upon which proper operation depends. It does not apply to minor parts such as
washers, screws, and bolts, when the deterioration of such unprotected parts does not result in
noncompliance with this standard, result in a hazardous condition, or impair the operation of the smoke
alarm.

20.3 Bearing surfaces shall be of such materials that reduce the risk of binding due to corrosion.
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20.4 Metal shall not be used in combinations such as to result in galvanic action that results in
deterioration of cabinets or enclosures.

20.5 Hinges and other attachments shall be resistant to corrosion.

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

21 Field Wiring Connections

21.1 Permanent connection

21.1.1

A-smoke—alarm—intended—forpermanent-connection—shall-be—provided—with wiring terminals or

leads fi
accord

21.2

21.2.1
specifie

of a stTndard conduit bushing on conduit connected to the ecompartment when a bt

installa

21.2.2
be pro
protect

21.3

21.3.1
require

pr the connection of conductors of at least the size corresponding to the
hnce with the National Electrical Code, ANSI/NFPA 70.

Field wiring compartment

The field wiring compartment area shall be sized for complgting all field w
d by the installation wiring diagram. There shall be space within the compartm

ion.
Protection from sharp edges for internal compenents in the wiring area and

on.

Field wiring terminals (general)

A field-wiring terminal toswhich field-wiring connections are made sh
ments in 21.3.2 — 21.3.5 and:

b) The Standard for Wire Connectors, UL 486A-486B;

Conducters, UL 486E; or

d) The Standard for Terminal Blocks, UL 1059, rated for field-wiring (FW) Cog

rating of the unit in

iring connections as
ent to permit the use
shing is required for

wire insulation shall

vided by insulating or metal barriers having smooth, rounded edges or g¢quivalent means of

bll comply with the

a) The field-wiring requirements in the Standard for Electrical Quick-Connect Terminals, UL 310;

c) The Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper

e 2 applications and

also suitable for the voltage, current, wire range, and wire type of the intended

application.

21.3.2 Nonferrous soldering lugs or solderless (pressure) wire connectors shall be used for 5.3 mm? (10
AWG) and larger wires. When the connectors or lugs are secured to a plate, the plate thickness shall not
be less than 1.3 mm (0.050 in) thick. Securing screws of plated steel have been determined to meet the
requirements.

21.3.3 A wire-binding screw used at a wiring terminal shall not be smaller than 4.2 mm (No. 8) diameter.
Plated screws are not prohibited.

Exception: A 3.5 mm (No. 6) diameter screw is appropriate for use for the connection of a 2.1 mm? (14
AWG) and a 2.8 mm (No. 4) diameter screw is appropriate for use for the connection of a 0.65 mm? (19
AWG) or smaller conductor.

2134

Terminal plates tapped for wire-binding screws shall:
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a) Have not less than two full threads in the metal (the terminal plate metal may be extruded to
provide the two full threads) and shall have upturned lugs, clamps, or the equivalent, to hold the
wires in position. Other constructions may be used if they provide equivalent thread security of the
wire-binding screw.

b) Be of a nonferrous metal not less than 1.3 mm (0.050 in) thick when used with a 4.2 mm (No. 8)
diameter or larger screw, and not less than 0.76 mm (0.030 in) thick when used with a 3.5 mm (No.

6) diameter or smaller screw.

21.3.5 When two or more conductors are intended to be connected by wrapping under the same screw,
a nonferrous intervening metal washer shall be used for each additional conductor. A separator washer is
not required when two conductors are separated and intended to be secured under a common clamping

plate. V
such as|

214

2141

the con

21.4.2

provide

215

21.5.1
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upturned tabs or sides, to retain the wire.

Special field-wiring terminals (qualified application)

Any of the following terminal configurations are suitable for connéction of fie
fitions in 21.4.2 are met:

) Quick-Connect Terminals — Nonferrous, quick-conngct (push-type) termina

tonnection to field wiring. These require a special tool for crimping of field wir|
shall be shipped with the control unit with instructions for their installation;

) Push-In Terminals — Nonferrous, push=in terminals (screwless) of the f
witches and receptacles. Solid conductors are pushed into slots containing s
he leads are removable by means of/a‘tool inserted to relieve the spring tensi
ush-in terminals are not to be used with aluminum conductors. The mark
rminal shall indicate that copper.conductors only are to be used; and

gquivalent to (a) and (b) and are limited to the same restrictions.

Any of the terminal® configurations listed in 21.4.1 are appropriate for conn
j all of the following indicated conditions are met:

@) When_aspecial tool is required for connection, it shall be provided and its
installation wiring diagram by name of the manufacturer and the model number

). Thé range of wire sizes shall be indicated on the installation wiring diag

hall include means,

d wiring when all of

S consisting of male

Iosts permanently secured to the device and provided with compatible, fefnale connectors for

bs. Mating terminals

ype used on some
pring-type contacts.
bn on the conductor.
ing adjacent to the

) Other Terminals — Other’terminal connections are not prohibited when determined to be

pction of field wiring

Ise indicated on the
or equivalent;

ram. The minimum

conductor cable or 0.82 mm? (18 AWG) for a single conductor wire;

or a jacketed, multi-

c) The wire size to be used shall be rated for the current-carrying capacity of the circuit application;

and

d) The special field-wiring terminal assembly shall comply with the strain relief test as outlined in

80.3, Special field-wiring terminals.

Field wiring leads

Power supply leads provided for field connection shall not be less than 6 in (152 mm) long; shall
be provided with strain relief, and shall not be smaller than 0.82 mm? (18 AWG). The insulation, when of
rubber or thermoplastic, shall not be less than 0.8 mm (1/32 in) thick. Wire shall be of stranded copper.
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21.5.2 Extra-low voltage leads provided for field connection signaling circuits, such as employed for
multiple station interconnection or for connection to remote signaling devices, shall not be smaller than 1.3
mm? (16 AWG), for a single conductor, 0.65 mm? (19 AWG) for two or more conductors, and 0.32 mm? (22
AWG) 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, shall be
used only for 0.82 mm? (18 AWG) and larger conductors.

21.6 Grounding terminals and leads

21.6.1 Except as permitted by 21.6.9, an equipment-grounding terminal or lead shall be provided in a
smoke alarm intended for connection to other than a 30 V rms or less energy limited source of supply (see
Primary power supply — battery, 86.3.1) by means of other than metal enclosed wiring system.

21.6.2 | The grounding means shall be reliably connected to all exposed dead metal parts which are liable
to becgme energized and all dead metal parts within the enclosure which are) exposed to contact during
servicing and maintenance.

21.6.3 | The surface of an insulated lead intended solely for the cehnection of an ¢quipment-grounding
condugtor shall be green, with or without one or more yellow stripes and no other leads visible to the
installef, other than grounding conductors, shall be so identified.

21.6.4 | A field wiring terminal intended for connection ©f an equipment grounding conductor shall be
plainly lidentified, such as being marked "G", "GR", "Ground", "Grounding", or thg equivalent, or by a
suitabl¢ marking on a wiring diagram provided on the;smoke alarm. The field wirind terminal shall be so
located that it is unlikely to be removed during normal servicing of the smoke alarm.

21.6.5| A field wiring terminal for the connection of an identified supply conductor shall be identified by
means|of a metallic plated coating substantially white in color and shall be readily disjinguishable from the
other t¢rminals, or proper identification<ef the terminal for the connection of the identified supply conductor
shall bg clearly shown in some othermanner, such as on an attached wiring diagram.

21.6.6 | A field wiring lead provided for connection of an identified supply conductor shall be finished to
show g white or gray color.and shall be readily distinguishable from other leads and po other leads, other
than idéntified supply conductors, shall be so identified.

21.6.7 | A terminalhor lead identified for the connection of the identified supply canductor shall not be
electrically connected to a single-pole manual switching device which has an off pgsition or to a single-
pole over-current (not thermal) protective device.

nnnnnn taod cmalea ol
T

21.6.8 “Hhe-greunding-meansfora-cord-connected-smeoke-alarm-shall-consistefas8eparate ground lead

integral with the supply cord and terminating in the grounding pin of a parallel blade attachment plug.

oA
T

21.6.9 An equipment grounding terminal or lead is not required for a smoke alarm provided with an
overall nonmetallic enclosure and cover and which is not intended to be internally serviced or a smoke
alarm provided with an overall nonmetallic enclosure and cover and does not employ internal dead-metal
parts which may be energized under a fault condition and which can be contacted during servicing.

21.7 Power supply cord

21.7.1 A cord-connected single station smoke alarm accessory shall be provided with not less than 1.83
m (6 ft) nor more than 6.10 m (20 ft) of flexible cord and a two or three prong attachment plug of the type
and rating for connection to the supply circuit.
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21.7.2 The flexible cord shall be minimum 0.82 mm? (18 AWG) and rated for use at the voltage and
ampacity rating of the smoke alarm. Acceptable cord types are Type SP-1, SPT-1, SP-2, SPT-2, SV, SVT,
SJ, SJT, SPE-1. SPE-2, SVE, or the equivalent in accordance with the National Electrical Code,
ANSI/NFPA 70.

21.7.3 Means shall be provided to prevent the flexible cord from being pushed into the enclosure through
the cord-entry hole if such displacement can subject the cord to mechanical damage or to exposure to a
temperature higher than that for which the cord is rated, reduce spacings below the minimum acceptable
values, or result in damage in internal components.

21.7.4 Where a flexible cord passes through an opening in a wall, barrier, or enclosing case, the edges
of the hole shall be smooth and rounded, without burrs, fins, or sharp edges which may damage the cord
jacket. The cord as connected to the smoke alarm shall comply with Strain Relief Test,|Section 80.

22 Remote Power Supply
221 H
transfor
or leadd
method

or an alarm that is intended to be connected to a separate remote powdr supply such as a
mer, the supply cord is not required to be factory wired to the-alarm or to the tfansformer terminals
when the manufacturer's published instructions provided, with the unit are gxplicit regarding the
of connection. The minimum size conductors between thé ‘alarm and remotg power supply shall

not be |
is to be

222
configu

to be provided by the manufacturer. However, the-installation wiring diagram or mant

instruct
of Articl

the intgrconnecting wiring shall be s@>maximum of 10 ohms, unless otherwis

bss than 0.82 mm? (18 AWG) and shall not be longer.than 6.1 m (20 ft). The in
provided with the alarm and the transformer by theqmanufacturer.

Vhere longer runs of interconnecting wiring aré\used in an installation, such ag
ation, or where several alarms are suppliedby a common power supply, the v

ons shall be marked to specify that the wiring to be used shall be in accordanc
bs 210 and 300.3 (B) of the National\Electrical Code, ANSI/NFPA 70. Additiona

terconnecting wiring

in a multiple station
viring is not required
facturer's published
B with the provisions
lly, the resistance of
b specified by the

-

manufafturer.

23 Intprnal Wiring

23.1 General

23.1.1 | The interpal® wiring of a smoke alarm shall be routed away from moving parts and sharp
projectipns and-held in place with clamps, string, ties, or the equivalent, unless the wifing is determined to
be rigid lenough.to retain a shaped form. The internal wiring shall consist of conductorg having:

#) Insulation rated for the potential involved:;

b) Insulation rated for the temperatures to which they are subjected; and

c¢) The current-carrying capacity for the service.

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

23.1.3 When the use of a short length of insulated conductor is not feasible, such as for a short coil lead
or the like, electrical insulating tubing shall be used. The tubing shall not be subjected to sharp bends,
tension, compression, or repeated flexing and shall not contact sharp edges, projections, or corners. The
wall thickness of the tubing shall comply with the requirements for such tubing except that the wall
thickness at any point for polyvinyl chloride tubing of 9.5 mm (3/8 in) diameter or less shall not be less than
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0.43 mm (0.017 in). For insulating tubing of other types, the wall thickness shall not be less than that
required to at least equal the mechanical strength, dielectric properties, and heat and moisture resistance
characteristics of polyvinyl chloride tubing having a wall thickness of 0.43 mm (0.017 in).

23.1.4 Internal wiring of circuits which operate at different potentials shall be reliably separated by
barriers or shall be segregated, unless the conductors of the circuits of lower voltage are provided with
insulation equivalent to that required for the highest voltage involved. Segregation of insulated conductors
may be accomplished by clamping, routing, or an equivalent means, which ensures permanent
separation. See 23.4, Barriers.

23.1.5 Stranded conductors clamped under wire-binding screws or similar parts shall have the individual
strands soldered together or be equivalently arranged to provide secure connections.

23.2 \INireways

23.2.1 | Wireways shall be smooth and free from sharp edges, burrs, fins, meving pafts, and the like which
may cajuse abrasion of the conductor insulation.

23.3 $plices

23.3.1 | All splices and connections shall be mechanically secured and bonded electfically. Tack soldering
of components is permitted where the construction precludes mechanical security gnly when 5 samples
resist g pull-force of 8.9 N (2 Ibs) applied for 3 seconds*and the connection is subjgected to 100 percent
inspecfon and testing with the same pull force by the manufacturer.

23.3.2 | A splice shall be provided with insulation determined to be equivalent to that|of the wires involved
when permanence of electrical spacings betWeen the splice and uninsulated metal pafts is not provided.

23.3.3 | Splices shall be located, enclosed, and supported so that flexing, movement,|or vibration does not
damagg the insulation or affect the integrity of the splice.

23.4 Barriers

23.4.1 | A metal barrier shall have a thickness at least equal to that required by Tablg 19.2, as determined
by the size of the batrier. A barrier of insulating material shall not be less than 0.71 mm (0.028 in) thick and
shall b¢ thicker when its deformation is readily accomplished so as to defeat its purpose. Any clearance
betwedn the edge of a barrier and a compartment wall shall not exceed 1.6 mm (1/16 |n).

23.5 $train relief

23.5.1 A strain relief means shall be provided for the field leads, battery leads, and all internally
connected wires or cords that are subject to movement in conjunction with the installation, operation, or
servicing of a smoke alarm to reduce the risk of any mechanical stress being transmitted to internal
connections and terminals. Inward movement of the cord or leads provided with a ring-type cord grip shall
not damage internal connections or components, or result in a reduction of the electrical spacings
required. See the Strain Relief Test, 80.

24 Bonding for Grounding

241  An exposed non-current-carrying metal part of a smoke alarm operating at more than 30 Vrms that
is liable to become energized, shall be reliably bonded to the point of connection of the field-equipment
grounding terminal or lead, if provided or required, and to the metal surrounding the knockout, hole, or
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bushing provided for field power-supply connections. This requirement also applies to a smoke alarm
equipped with auxiliary function contacts rated at more than 30 Vrms.

24.2 Except as indicated in 24.3, uninsulated metal parts of electrical enclosures, motor frames and
mounting brackets, controller mounting brackets, capacitors, and other electrical components shall be
bonded for grounding when it is possible that they be contacted by the user or by a service person in

servicin

g or operating the equipment.

24.3 Metal parts as described below are not required to comply with the requirement specified in 24.2:

a) Adhesive attached metal foil markings, screws, and handles that are located on the outside of
the smoke alarm enclosure and isolated from electrical components or wiring by grounded metal

of the c
is prote

245
connec
paint. B

material.

Note 1: A
penetratin]

Note 2: W
metal are]
bonding t

) Isolated metal parts, such as small assembly screws, that are positively”se
nd uninsulated live parts.

) Panels and covers that do not enclose uninsulated live parts when wiring is
rom the panel or cover so that it does not become energized.

) Panels and covers that are insulated from electrical €0Omponents and wir
arrier of vulcanized fiber, varnished cloth, phenolic eomposition, or similar m
.8 mm (1/32 in) thick and secured in place.

bmponent or part. A separate bondingsconductor or strap shall be installed in s
cted from mechanical damage.

he bonding shall be by a positive means, such as by clamping, riveting
ion, brazing, or welding.- The bonding connection shall penetrate nonconduct
onding around a resilient mount shall not depend on the clamping action

bolted or screwed Jconnection that incorporates a star washer under the screw head is c
g non-conductive coatings.

here the'bonding means depend upon screw threads, two or more screws or two full threads of]
considered acceptable. Metal-to-metal hinge-bearing members for doors or covers may be co
e doer‘or cover for grounding providing that a multiple bearing, pin-type hinge is employed.

parated from wiring

positively separated

ng by an insulating
aterial not less than

se as an electrical
ting, plating, or the

nt. The conductor shall not be smaller than the maximum size wire employed in the circuit wiring

uch a manner that it

bolted or screwed
ve coatings such as
of rubber or similar

nsidered acceptable for

a single screw engaging
hsidered as a means for

24.6 Splices shall not be employed in conductors used to bond electrical enclosures or components.

COMPONENTS

25 Ge
25.1

25.1.1
turning.

neral

Mounting of components

All parts of a smoke alarm shall be securely mounted in position and prevented from loosening or

Exception No. 1: It is not required that a switch be prevented from turning when all four of the following
conditions are met:
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a) The switch is a plunger or other type that does not tend to rotate when operated. A toggle switch
is subject to forces that tend to turn the switch during operation of the switch.

b) The switch mounting means is constructed so that it is not loosened by the switch operation.

¢) The spacings are not reduced below the minimum required values when the switch rotates.

d) The operation of the switch is by mechanical means rather than by direct contact by persons.

Exception No. 2: A lampholder of the type in which the lamp is not capable of being replaced, such as a
neon pilot or indicator light in which the lamp is sealed in a nonremovable jewel, is not required to be
prevented from turning when rotation does not reduce spacings below the minimum values required.

25.1.2
or shift
acceptI
live pa

25.1.3

surfacs
when s
accomp
conneqt

25.2

25.2.1
protect

materigl

25.2.2
The us

2523

2524
be subj

25.2.5

performpance under all conditions of normal operation.

s. A lock washer applied as intended is permitted.
s by methods other than friction between surfaces so that they shall not tu

uch motion results in reduction of spacings below the ‘minimum values re

Dperating components

bd by individual protection (i.e. dusticevers) or dust tight cabinets against foulir

b of a lock washer, applieédjas intended, to reduce the risk of loosening is perm

ected in_operation.

Uninsulated live parts shall be secured to the base or mounting surface so th
in position when it is possible that such motion results in a reductionvof
ble values. Friction between surfaces shall not be used as a means to preven

Uninsulated live parts, for example, field wiring terminals, “shall be secure

lished by two screws or rivets, by square shouldersrmortices, by a dowel p
ing strap or clip fitted into an adjacent part, or by any method determined to bg

Operating components and assemblies, such as switches, relays, and sim

which affect their operation.

Adjusting screws and similar adjustable parts shall not loosen under the con

Moving parts shall'have sufficient play at bearing surfaces to prevent binding

Manually operated parts shall have sufficient strength to withstand the stres

An_electromagnetic device shall be reliable and ensure positive electr

at they shall not turn
spacings below the
| shifting or turning of

1 to their supporting
n or shift in position
fuired. This may be
n, lug, or offset, by a
equivalent.

lar devices, shall be
g by dust or by other

ditions of actual use.
tted.

bes to which they will

cal and mechanical

25.3 Current-carrying parts

25.3.1

A current-carrying part shall have adequate mechanical strength and current

-carrying capacity for

the service, and shall be a metal such as silver, copper or copper alloy, or other material, which will provide
equivalent performance.

25.3.2 Bearings, hinges, and the like shall not be acceptable for carrying current between interrelated

fixed an

d moving parts.
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26 Bushings

26.1 When a lead or wire harness passes through an opening in a wall, barrier, or enclosing case, there
shall be a metal or insulating type bushing, or the equivalent, that shall be substantial, secured in place,
and have a smooth, rounded surface to provide support for the wire.

26.2 When the opening is in a phenolic composition or other nonconducting material or in metal of
thickness greater than 1.07 mm (0.042 in) at the opening, a smooth surface having rounded edges is
identified as the equivalent of a bushing.

26.3 Ceramic materials and some molded compositions are permissible for insulating bushings.
Separate bushings of wood and of hot-molded shellac shall not be used.

26.4 Hiber shall be employed only where:
I) It is not subjected to a temperature higher than 90°C (194°F) under\inormal gperating conditions;

) The bushing is not less than 1.6 mm (1/16 in) thick, with a minus tolerancd of 0.4 mm (1/64 in)
for manufacturing variations; and

) It does not deteriorate in normal ambient humidity conditions.

26.5 When 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, burrsq projections, and other anomali¢s which cut into the
bushing and wire insulation.

26.6 Aninsulating metal grommet shall be used in lieu of an insulating bushing, only when the insulating
materia| used is not less than 0.8 mm (1/32\n) thick and completely fills the space bg¢tween the grommet
and the[metal in which it is mounted.

27 Elgctrical Insulating Material

27.1 Material for the mounting of current-carrying parts shall be porcelain, phenolic composition, cold-
molded|composition, or equivalent material which is suitable for the particular applicatipn.

27.2 Holymeric materials shall be used for the sole support of uninsulated liye parts only when
determiped to be'equivalent to the materials indicated in 27.1.

27.3 When vulcanized fiber is used for insulating bushings, washers, separators, anI barriers, it shall not
be the gole-support for uninsulated current-carrying parts of other than extra-low-voltage circuits.

27.4 The thickness of a flat sheet of insulating material, such as phenolic composition employed for
panel mounting of parts, shall not be less than the applicable value indicated in Table 27.1.
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Table 27.1
Thickness of flat sheets of insulating material

Maximum dimensions
Length or width, Area, Minimum thickness,?
mm (in) cm? (in?) mm (in)
152 (6) 2324 (36) 1.6 (1/16)
305 (12) 928.8 (144) 3.2 (1/8)
610 (24) 2322 (360) 9.5 (3/8)
1219 (48) 7432 (1152) 12.7 (1/2)
1219 (48) 11148 (1728) 15.9 (5/8)
Ovgr 1219 (Over 48) Over 11148 (Over 1728) 19.1 (3/4)
@ Materfal less than the minimum thickness shown shall be used for a panel only when the panel is\supported or reinforced to
provide|equivalent rigidity.

27.5
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27.6
melt af
assem
not be

28 Lampholders and Lamps

28.1

supply
energiz

28.2

\ terminal block mounted on a metal surface which is capable.of being groung

insulating barrier between the mounting surface and all live parts on the und
the risk of the parts and the ends of replaceable terminal screws from reducin
m thickness specified in Table 27.1.

on: Such insulation is not required when the parts-are staked, inset, sealed,
bsening.

A\ countersunk sealed part shall be covered with a waterproof insulating comp
a temperature 15°C (27°F) higher_than the maximum intended operating

ess than 3.2 mm (1/8 in).

\ smoke alarm intended to be connected to a utility supply, either directly or

ation of the unit._If pulsed, the lamp shall flash at least once per minute.

Vhen a sirioke alarm has more than one indicator lamp, lamp colors shall be:

) A "power-on" lamp, white or green;

ed shall be provided
erside of the base to
j spacings below the

or equivalently kept

pund which does not
temperature of the

bly, and not less than 65°C (149°F)in-any case. The depth or thickness of sealing compound shall

ia a separate power

as described in(18.1 shall be provided with a steady or pulsed "power-¢n" lamp to indicate

) An alarm indicating lamp, red; and

c) A trouble lamp, amber or yellow.

When the "power-on" lamp is of a different color it shall be marked to identify the function.

28.3 At least one spare lamp shall be provided in a smoke alarm that employs photocell illuminating
lamps that burn out during the service life of a smoke alarm.

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

28.5 A lampholder in a hazardous-voltage circuit shall be wired so that the screw shell is connected to an
identified neutral (grounded circuit) conductor.
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28.6 A lampholder shall be installed so that uninsulated hazardous-voltage circuit live parts are not
exposed to contact by persons removing or replacing lamps in service.

29 Photocell llluminating Lamps and Light Emitting Diodes (LEDs)
291 General

29.1.1 An LED used as a light source of a smoke alarm employing a photocell light assembly shall
comply with electrical supervision requirements specified in 41.5, Battery powered (primary or secondary)
smoke alarms, and the reliability prediction specified in Section 7, Smoke Alarm Reliability Prediction.

29.1.2 To be determined reliable, an | FD shall comply with 7.4 and with the requirements specified in

41.3.6. |n addition, the operating conditions of the LED in the smoke alarm circuit, as well as the LED and
smoke glarm manufacturer's Quality Assurance (QA) Programs, shall be evaluatefl as to the level of
reliability they provide as described in Quality assurance program, 29.2.

29.1.3 | A reliable LED that complies with the requirement specified in 29.1.2 shall| additionally comply
with thg requirements specified in the Reduction in Light Output Test, Section 46, and the electrical
supervision requirements described in 41.3.2 — 41.3.5.

29.2 Quality assurance program
29.2.1 | Light emitting diode (LED) manufacturer

29.2.1.1 Verification shall be provided by the LED. manufacturer to indicate complianice with the following
minimuIv quality assurance program:
)

Lot sample testing of optical effiCiency, anode bond, and chip peel tests are|performed on diode
hips;

I) 100 percent production-tests of light output, forward conduction, legkage, and reverse
reakdown are performed-on the finished LED.

29.2.2 | Smoke alarm manufacturer

29.2.2.1 The smoeke'alarm manufacturer shall conduct the following minimum qualityl assurance program
on the UED lamps:

I) All incoming LEDs, in a de-energized condition, shall be subjected to one of the following stress
onditions:

1) Ten cycles of temperature variation from minus 40°C to 85°C (minus 40°F to 185°F) with
30 min at each extreme and 5 min between extremes. Each cycle consists of starting at
minus 40°C, going to 85°C, and returning to minus 40°C; or

2) Exposure for 48 hours at the LED Manufacturer's maximum recommended storage
temperature;

b) Following the stress conditioning, 100 percent inspection tests shall be conducted on the
following parameters:

1) Light output;
2) Maximum forward voltage drop at specified forward current; and

3) Maximum reverse leakage current at specified reverse voltage.
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29.2.2.2 The temperature cycling burn-in and component screening may be conducted by the LED
manufacturer if each shipment is accompanied by a certificate of compliance verifying its conduction on
that shipment. In this case the smoke alarm manufacturer need only conduct 100 percent inspection for
light output.

30 Protective Devices

30.1 Fuseholders, fuses, and circuit breakers shall be rated for the application.
31 Printed Wiring Boards

31.1 Pu
shall be made in the intended manner and the spacings between circuits (shall comply with the
requirements for Spacings, Section 36. The board shall be reliably mounted so that deflection of the board

during finstallation or servicing shall not result in damage to the board or in déveldping a risk of fire or
electrid shock.

31.2 Al printed-wiring boards shall have a minimum flammability rating of V-2, rate
currenttcarrying parts, and be suitable for the soldering process used:

for direct support of

32 Switches

32.1 A switch provided as part of a unit shall have a current and voltage rating nofl less than that of the
circuit which it controls when the device is operated.under any condition of normal seryice.

32.2 YWhen a reset switch is provided, it shallibe of a self-restoring type.

32.3 An alarm silencing switch or equivalent means shall be provided so that its off-normal position
results fin an audible smoke alarm troubte signal, or following alarm silencing the unit putomatically returns
to normal condition after a timed interval as specified in Section 13, Alarm Silencing Fgature.

33 Transformers and Coils
33.1 A transformer shall'be of the two-coil or insulated type.
33.2 A transformer shall meet the requirements of the Standard for Specialty Transformers, UL 506.

33.3 The\insulation of coil windings of relays, transformers, and other insulafjon, shall resist the
absorption/of moisture.

Exception: An autotransformer shall be used only when the terminal or lead connected to the
autotransformer winding that is common to both input and output circuits is identified and the output
circuits are located only within the enclosure containing the autotransformer. See 21.6.1 and 21.6.2.

33.4 Film-coated or equivalently insulated wire does not require additional treatment to stop moisture
absorption.

34 Dropping Resistors

34.1 A carbon composition resistor shall not be used as a dropping resistor in the hazardous-voltage
circuit of a smoke alarm.
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