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Preface

This is the joint ULSE and ULC Standard for Smoke Detectors for Fire Alam Systems. It is the fifth edition

of ULC

529 and the eighth edition of UL 268.

This Joint Standard was prepared by ULSE Inc. (ULSE), ULC Standards, and the NEMA Technical
Harmonization Committee on Smoke Alarms and Smoke Detectors. The standard was formally approved
by the ULSE Technical Committee on Smoke Detectors and Alarms; and the ULC Technical Committee on
Fire Alarm and Life Safety Equipment and Systems. The efforts and support of the NEMA Technical
Harmonization Committee, the ULSE Technical Committee, and the ULC Technical Committee are
gratefully acknowledged.
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hda, there are two official languages, English and French. All safety warning
glish. Attention is drawn to the possibility that some Canadian/authorities m
hs and/or installation instructions to be in both official languages.

s D, E, F and G are identified as informative and are{for informational purpose

ment is followed by a
t stated value is the

s must be in French
ay require additional

5 only.

s A, B and C are identified as normative and forms a mandatory part of this Standard.

hough the intended primary application of this standard is stated in its scope, it is important t
ility of the users of the standard to judge its suitability for their particular purpose.

b note that it remains the
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INTRODUCTION

1 Scope

1.1 This Standard sets forth requirements for smoke detectors and accessories, including mechanical

guards

to be employed in ordinary indoor locations in accordance with the following:
a) In Canada only:
1) Standard for the Installation of Fire Alarm Systems, ULC-S524;

2) National Building Code of Canada; and

1.2 A
detecti
assem
the det
as well

provisiIn for the connection to a source of power, sighaling, and optional remote cont

functio
incorpd

13 T

14 P

3) National Fire Code of Canada.
b) In the United States only:

1) National Fire Alarm and Signaling Code, NFPA 72.

smoke detector (e.g. ionization-type, photoelectric-type, smoke detector with
bn type, combination smoke type, multi-criteria type) as covered by this Sta

supplementary heat
hdard consists of an
Istion. At a minimum

bly of electrical components arranged to detect one orfmore products of comb
as invisible smoke particles, gases, heat, radiant energy, and water vapor.

ality, such as a heat detector, heat sensor, ar,audible signaling appliance/devi
rated as part of the smoke detector assembly.

nis standard covers the following types of detectors:

control unit for operation as part of a fire alarm system;

b) Detectors intended solely for control of releasing devices such as electrom
fire dampers or smeke dampers;

c) Detectors intended for both applications described in (a) and (b) above; and

d) In Canada, duct detectors.

roducts incorporating other functions in addition to those described in this st

he detector includes
ol circuits. Additional
ce, is permitted to be

ector shall contain a smoke (particulate) sensor. The'products of combustionwr]nay consist of visible

a) Detectors intended for open area protection and for connection to a compatible power supply or

bgnetic door holders,

bndard, shall comply

with:

a) In Canada only:

1) Control units that are covered by the Standard for Control Units for
ULC 527;

2) Self-contained single and multiple station smoke detectors that
Standard for Smoke Alarms, ULC-S531;

Fire Alarm Systems,

are covered by the

3) A heat detector incorporated as a part of a smoke detector assembly, and covered by the
Standard for Heat Actuated Fire Detectors for Fire Alarm Systems, ULC-S530 and/or when

part of a multi-criteria smoke detector;

4) Fire tests for smoke detectors integral with combination door closers and holders that are

covered by the Door Closers and Holders, ULC/ORD-C228;
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5) Detectors for monitoring the smoke density within flues or stacks; and

6) A residential CO alarming device incorporated as a part of a smoke detector assembly,

and covered by the CSA 6.19, Standards for Residential CO Alarmi
when part of a multi-criteria smoke detector.

b) In the United States only:

ng Devices, except

1) Control units to which the detectors are intended to be connected that are covered by the
Standard for Control Units for Fire-Protective Signaling Systems, UL 864;

2) Self-contained single and multiple station smoke detectors, not inte

nded for connection

to a system control unit, that are covered by the Standard for Single and Multiple Station

1.5 THese requirements also cover all remote accessories that are intended to be cq

detector.

2 General

2.1 Asgsembly

2.1.1 A detector shall be so constructed that it will be reliable and sufficiently dur.

Smoke Alarms, UL 217;

3) A heat detector incorporated as a part of a smoke detector assembly
Standard for Heat Detectors for Fire Protective Signaling Systems, UL
requirements of the Fire Test (Heat Detector) and/or when part of a
detector;

4) A gas and vapor detector or sensor incorporated as a part of a smok
and covered by the Standard for Gas and Vapor, Detectors and Sensg
when part of a multi-criteria smoke detector;

5) Fire tests for smoke detectors integral with combination door closers
covered by the Standard for Door Closers-Holders, With or With
Detectors, UL 228;

6) Commercial-residential detectors not intended for connection to a sys
are covered by the Standardfor Smoke Detector Monitors and Acces
Living Units of Multifamily Residences and Hotel/Motel Rooms, UL 173(

7) Detectors for monitoring the smoke density within flues or stacks.

and covered by the
521, except for the
multi-criteria smoke

b detector assembly,
rs, UL 2075, except

and holders that are
but Integral Smoke

tem control unit that
sories for Individual
; and

nnected to a smoke

pble for its intended

installation and use.

2.1.2 A component of a detector shall comply with the requirements for that component, except that such
requirements may be modified for the particular application.

2.2 Components

2.2.1 Except as indicated in 2.2.2, a component of a product covered by this standard shall comply with
the requirements for that component. See Annex D for a list of standards covering components generally
used in the products covered by this standard.

2.2.2 A component is not required to comply with a specific requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product covered by this statement; or

b) Is superseded by a requirement in this standard.

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

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

2.3 Units of Measurement

2.3.1 |Values stated without parentheses are the requirement. Values in parenthesgs are explanatory or
approx|mate information.

2.4 Rpeferenced Publications

2.4.1 |Any undated reference to a code or standard appearing in’the requirements ¢f this Standard shall
be intefpreted as referring to the latest edition of that code orstandard.

2.4.2 [The following publications are referenced in this-Standard:

ASA S12.51/1SO 3741, Acoustics — Determination_ of sound power levels and sound gnergy levels of noise
sources using sound pressure — Precision methods for reverberation test rooms

CSA CR2.1-12, Canadian Electrical Code, Part I, Safety Standard for Electrical Installations
CSA CR2.2 No. 0.17-00, Evaluation.of Properties of Polymeric Materials
CSA CR2.2 No. 77-95, Motors with Inherent Overheating Protections
MIL-HDBK-217F (2), Reliability Prediction of Electronic Equipment
NBC, National Building Code of Canada

NFC, National Fire Code of Canada

NFPA 72, National Fire Alarm and Signaling Code

Nuclear Safety and Control Act (1997, c.9)

UL 94, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances
UL 217, Single and Multiple Station Smoke Alarms

UL 228, Door Closers and Holders

UL 268A, Smoke Detectors for Duct Application

UL 521, Heat Detectors for Fire Protective Signaling Systems
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UL 864, Control Units for Fire-Protective Signaling Systems

UL 1730, Smoke Detector Monitors and Accessories for Individual Living Units of Multifamily Residences
and Hotel/Motel Rooms

UL 2111, Overheating Protection for Motors
ULC/ORD-C228, Door Closers and Holders

ULC-S524, Installation of Fire Alarm Systems

ULC 52—Control-Unitsfor-Fire-Alarm-Systoms

ULC-S§30, Heat Actuated Fire Detectors for Fire Alarm Systems
ULC-S§31, Smoke Alarms

ULC-S§36, Inspection and Testing of Fire Alarm Systems
ULC-S§37, Verification of Fire Alarm Systems

3 Glosgsary

3.1 Fdr the purpose of this standard, the following.définitions apply.

3.2 AUARM SIGNAL — A signal intended_to,indicate an emergency condition that|requires immediate
action, $uch as a signal indicative of fire.

3.3 ANNUNCIATOR — A unit containing one or more indicator lamps, alphanumerjc displays, or other
equivalgnt means in which each~indication provides status information about a ¢ircuit, condition, or
location|.

3.4 BALANCE - The-balance of a sampling pipe network is the amount of air bging drawn from the
sampling port with the feast amount of air flow divided by the average air flow through all sampling ports
expresged in percentage (%).

3.5 BROILING — The fresh-frozen hamburger cooking process used to cook the fregh-frozen hamburger
in the oyen-of’an electric range.

3.6 COMBINATION SMOKE DETECTOR — A smoke detector 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.

3.7 COMPONENT:

a) LIMITED-LIFE — A component that is likely to fail during the anticipated service life of a detector
and may be periodically replaced (where failure 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.

b) 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
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hours as determined for a "Ground Fixed" (GF) environment by MIL-HDBK 217, or equivalent (see
Annex A).

3.8 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
capability between conductors and/or to protect against environmental conditions. Conformal coatings
may be used on printed wiring boards where electrical spacing's are insufficient between uninsulated live
parts of opposite polarity or between such parts and accessible dead-metal parts.

3.9 DRIFT COMPENSATION — A feature of a smoke detector that monitors and automatically adjusts
the detector's smoke sensitivity, example: to the gradual build-up of contaminants in the sensing chamber
or degradation of the sensor components.

3.10 END-OF-LIFE SIGNAL — A trouble signal at the control panel or remote display and/or indication on
the detector, identifying the specific trouble condition intended to annunciate the deyice or a component
has regched the end of its useful life and should be replaced.

3.11 FIRMWARE - For the purpose of this standard, software programs residing permanently on a
microprocessor or in a non-volatile memory chip within smoke alarm*and accessory dgvices.

3.12 LOW BATTERY TROUBLE POINT — Any combinatiomof battery voltage and series resistance that
results|in an audible trouble signal from a battery-operated.smoke detector.

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

(Reprodyced with permission of NFPA from NEPA/72®, National Fire Alarm and Signaling Code, 2022 dition. Copyright®© 2021,
National Fire Protection Association. For a full.copy of NFPA 72®, please go to www.nfpa.org.)

(NFPA 7p® and National Fire Alarm and Signaling Code® are registered trademarks of the National Fite Protection Association,
Quincy, MA. All rights reserved.)

3.14 MULTI-CRITERIA-SMOKE DETECTOR — A detector comprised of a smokg sensor plus one or
more ddditional sensors such as heat, radiant energy, fire gases, or smoke that ¢perates on different
principles. Each&ensor in the set is separately monitored for the presence or absenge or physical stimuli.
The indlividual(sighal from each sensor is mathematically evaluated together with the signals from the
nsor(s) to determine when a smoke detector alarm signal is warranted. Agide from this smoke
detectdr-alarm signal, the detector may generate other independent alarm signals, suych as, but not limited
to, a ; ; i fes with the applicable
standard.

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

3.16 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 88, Measurement of In-Service Reliability for Multi-Criteria Detectors with Gas
Sensor(s).

3.17 PRODUCTION SMOKE SENSITIVITY — The smoke sensitivity range produced during
manufacture, established by the tests in this Standard within the limit outlined in Table 32.1 and Table 32.2
for single criteria smoke detectors. For multi-criteria smoke detectors, smoke sensitivity limits may be
provided by the manufacturer.
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3.18 RISK OF ELECTRIC SHOCK - A risk of electric shock exists at any part when:

a) The potential between the part and earth ground or any other accessible part is more than 42.4
volts peak; and

b) The continuous current flow through a 1500 ohm resistor connected across the potential
exceeds 0.5 milliampere.

3.19 RISK OF FIRE - A risk of fire exists at any point in a circuit where:

a) The open circuit voltage is more than 42.4 volts peak and the energy available to the circuit
under any condition of load including short circuit, results in a current of 8 amperes or more after 1
min of operation; or

) A power of more than 15 watts shall only be delivered in an external resistor connected between
he two points.

3.20 SAMPLING NETWORK — A component or series of components§) e.g., a pipe network, a tube, a
duct prgbe and sampling ports, which transfers air from the protected area to a Sampling Type Smoke
Detector.

3.21  SAMPLING PORT - Any point at which an air samplesis drawn into the sampling network. Sampling
ports are also known as sampling holes or sampling points;

3.22 JAMPLING PORT SENSITIVITY — Relative degree of the response of a sampling port of an air
sampling detector as measured in %/meter obscuration (%/ft obscuration) where a sipgle sampling port is
treated ps a spot type smoke detector.

3.23 3SPECIAL APPLICATION - Single or‘multi-criteria detector mode or configuratjon characterized by
sensitivty limits that are more sensitiveithan the limits defined in this standard. For aif sampling detectors
special [application configurations may include special sampling network configurations with different
transpoft times.

3.24 JPECIFIED LIFETIME - For purposes of this standard, “specified lifetime” will be referred to as
“lifetimg.” A continuous-period of time specified by the manufacturer, during which the alarm meets the
requirerments of the standard. The manufacturer will specify the start date of the perigd as either the date
of manyfacturer orthe fully assembled unit in its final enclosure, or the date the unit is placed into service.

3.25 YMOKEDETECTOR SENSITIVITY — Relative degree of response of the smoke detector as a
whole.

3.26 SMOKE DETECTOR - PROJECTED BEAM TYPE — A type of photoelectric light obscuration
smoke detector wherein the beam spans the protected area.

3.27 SMOKE DETECTOR — SAMPLING TYPE — A detector that draws air and particulate from the
protected area into a sampling network that runs to the detector. At the detector, the air is analyzed for fire
products.

3.28 SMOKE DETECTOR - SPOT TYPE - A single criteria device whose detecting element is
concentrated at a particular location. Example: chamber of a detector that encloses a radioactive source
or light source and photocell assembly.

3.29 SMOKE DETECTOR - TWO-WIRE TYPE — A detector that signals over and obtains its power from
the initiating device circuit of a fire alarm system control unit. It is permissible to provide additional
terminals or leads for annunciation or control of supplementary functions.
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3.30 SMOKE DETECTOR WITH SUPPLEMENTARY HEAT DETECTION — A smoke detector that
responds to excessive concentrations of smoke or heat in compliance with 8.5, Supplementary heat
sensor and Section 66, Fire Test — Smoke Detector with Supplementary Heat Detection but are not fully
compliant with UL 521 and ULC-S530. The sensor output signals are individually evaluated but not
combined to determine when an alarm signal is warranted.

3.31 SMOKE SENSITIVITY — Relative degree of response of a smoke sensor in a smoke detector as
measured in %/meter obscuration (%/ft obscuration). A high sensitivity denotes response to a lower

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

3.32 SMOKE SENSOR - Components of a smoke detector that sense particulate.

3.33 TRANSPORT TIME — The measured time from smoke entering a sampling network until the
samplimg-type detector’s initial response.

3.34 TROUBLE SIGNAL — A signal initiated by the fire alarm system or-déevice indicative of a fault in a
monitofed circuit or component.

3.35 YOLTAGE CLASSIFICATION — Unless otherwise indicatedy all’'voltage and cufrent values specified
in this gtandard are root-mean-square (rms).

a) Extra-Low-Voltage Circuit — A circuit classified ag)extra-low-voltage is one irjvolving a potential of
not more than 30 volts alternating current (AC) [42.4 volts peak or diredqt-current (DC)], and
supplied from a circuit whose power is limited ¥0-a maximum of 100 volt-amperes (VA).

b) Hazardous-Voltage Circuit — A circuit having characteristics in excess of those of an extra-low-
voltage circuit

4 Detector Reliability Prediction

4.1 Detectors 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 MIL-HDBK 217 or 3.5
faiIurester million h as caléulated by a simplified parts count reliability prediction as|described in Section
3.0 of MIL-HDBK 217, orequivalent. See Annex A. A “Ground Fixed” (GF) environmenpt is to be used for all
calculations. When actual equivalent data is available from the manufacturer, it is permissible that it be
used inflieu of the projected data for the purpose of determining reliability.

4.2 Ajcomponent is not required to be included in the failure rate calculation in the gvent of a failure as a
result gf any of the following conditions:

a) Energization of an audible trouble signal,

b) Energization of a separate visual indication (orange or yellow);
c) De-energization of a power-on light;

d) Does not affect the normal operation; or

e) Is evaluated by specific performance tests included in this standard.

Examples of components include but are not limited to the audible signal appliance, non-compulsory
thermostat, test switch, and battery contacts.
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4.3 A reliable light emitting diode (LED) of a smoke detector employing a photocell-light assembly shall
have a predicted failure rate of not greater than 2.5 failures per million h. See Section 31, Electrical
Supervision Test and 20.2, Smoke Detector Manufacturer.

4.4 An application specific integrated circuit (ASIC) employed in a detector shall have a predicted failure
rate of not greater than 2.5 failures per million h. The failure rate is to be determined through evaluation of
data in a 3000 h burn-in test, or equivalent.

4.5 A gas sensor or a gas sensing component supervision system of an alarming device shall be
provided with the following:

a) Reliability data developed using the Military Standardization Handbook, MIL-HDBK 217 or
. ilures per million h

peration (see 4.4);
) Supervision of the predicted failure modes other than for loss of electrical coptinuity; or

) If the sensor is automatically and periodically tested for its performance regponse to the target
gas (acceptable proxy gas), and results in a trouble signal when the gensor drifts out of
$pecification, then the sensor can be excluded from the reliability calculation.

4.6 Dgcumentation of the failure modes resulting from agingfor the gas sensor in a multi-criteria alarm or
the senging components and identification of failure modes’/addressed by the supervigion system shall be
provided. The manufacturer shall submit a test method*to render the sensor unregponsive to the test
concenfrations as specified by the manufacturer if the documentation submitted fqr the sensor or the
sensing| components indicates drift in the less\sénsitive direction. This method ghall be used when
conducling Section 31, Electrical Supervision Test. All predicted failure modes shall result in a trouble
signal.

4.7 Arn 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.

5 Manufacturer’s Published Instructions

5.1 A|copy of the mandfacturer's published instructions, which includes installation and operating
instructions, related schematic wiring diagrams and installation drawings shall be usgd as a reference in
the examination and\test of the detector. For this purpose, a printed edition is not required. It is permissible
that the| information be included in a manual or technical bulletin. See Section 89, Marking Subdivision,
Section|91, Geheral, Installation Instructions — Wiring Diagram, and Section 92, Technjcal Bulletin.

5.2 Themmanufacturer'spubtistred-mstroctionsanddrawings shattinctadesuchrdirections and information
as deemed by the manufacturer to be required for proper installation, testing, maintenance, operation, and
use of the detector.

6 Automatic Drift Compensation for Smoke Sensing

6.1  Where automatic drift compensation of smoke sensitivity is provided and initiated within the detector,
the detector shall initiate a visual trouble condition when drift compensation is no longer capable of making
additional adjustments to the smoke sensitivity of the detector. 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.

6.2 For detectors with adjustable smoke sensitivity settings after automatic drift compensation has
occurred, the smoke sensitivity of the detector shall be within 0.5 %/m (%/ft) obscuration of the initial
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smoke sensitivity when tested as described in Section 33, Automatic Drift Compensation for Smoke
Sensing.

6.3 For detectors without adjustable smoke sensitivity settings, after automatic drift compensation has
occurred, the smoke sensitivity of the detector shall remain within the manufacturer's identified range.

6.4 The compensation shall not adversely affect the operation of the detector. The summation of
compensation steps over a 24 h period shall not change the clean-air reference value by more than 50 %
of the shift necessary to indicate an alarm signal and shall not impact the smoke sensitivity of the detector
as specified in 6.2. Maximum compensation rate of the clean air reference value shall not exceed 5 %
every 2.4 h.

7 Silgncing Feature (Optional)

7.1 Alsmoke detector with integral alarm sounding appliance shall be permitted tol be provided with an
automgtically resettable alarm silencing feature. The alarm silence featuretshall haye either a fixed or a
variabl¢ time setting that desensitizes the detector. The alarm silence] feature mdy be initiated at the
detectgr or control panel. Alarm silencing shall not disable the smoke detector. Sgnsitivity shall not be
reducefl to less than 125 % the manufacturer's minimum sensitivity ‘setting test group as determined from
the Uniformity of Operation minimum sensitivity defined in 32.1.6(3(b). For example, § smoke detector with
a minimum sensitivity of 4 %/m (%/ft) may have its sensitivity. reduced to 5 %/m (%/ft) during the alarm
silence| period. Following the silenced period, the detector’ shall restore automatically to its intended
operatipn. Each smoke detector shall continue to produce a visible alarm signal while[in the silence mode.

7.2 The maximum allowable alarm silence shall Aot¥'exceed 10 min.

7.3 The silencing feature shall not causecthe detector to send a restore signal Until after the silence
period expires and the smoke level has dropped below the alarm threshold.

7.4 When a variable adjustment is‘provided on a detector to vary the silenced pgriod, the adjustment
means|shall be provided with @ mechanical stop or the equivalent so that the makximum alarm silence
limits afe not exceeded.

CONSTRUCTION - ASSEMBLY
8 General

8.1 Rpmote accessories

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

8.2 Smoke sensitivity indicating means

8.2.1 Each detector shall be provided with a means for measuring or indicating the nominal smoke
sensitivity or smoke sensitivity range of the smoke detector, as described in 8.2.3 after it has been
installed as intended. Removal of a snap-on cover to gain access to the smoke sensitivity control is
permissible, only when no hazardous-voltage parts are exposed or are able to be contacted by the user.

8.2.2 Inlieu of 8.2.1, each detector shall be provided with a means for a smoke sensitivity test feature, as
described in 8.2.3 after it has been installed as intended. Removal of a snap-on cover to gain access to
the test feature control is permissible, only when no hazardous-voltage parts are exposed or are able to be
contacted by the user.
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8.2.3 Measuring or indicating means include the use of jacks or terminals for connection of a meter,
visual indicators (such as a change in frequency of a pulsing light visible with the detector installed),
operation of a mechanical device (such as described in 8.2.4), or any arrangement determined to be
equivalent. An instrument used for measuring smoke sensitivity of a detector shall be provided with the
following information and features:

a) The instrument shall have a measurement capability to determine if the smoke detector is within
its production 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 detector that it is capable of testing. A numerical readout in units of %
obscuration/ft requires no chart for conversion.

) Instructions shall clearly state the operating temperature range of the instrument.

) If a warm-up period is required, the instrument shall clearly state this pefiod:

¢l) The instrument shall include the description of the method used t6confirm fhe calibration of the
instrument and the period at which recalibration is required.

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

) The instrument shall have a method of identifyingto ‘the user that it is rjot calibrated, if low
atteries, dirty filters, or the like, affect the instrument(

8.2.4 The test feature is to verify that the smoke sensitivity of the detector is within its marked range.
Unless |jit is employed on a detector that has other, means of measuring its smokqg sensitivity, the test
feature ghall consist of either an electrical means:éra mechanical device which simulgtes a specified level
of smoke in the sensing chamber or smoke obsguration of a beam.

8.2.5 The use of a plug-in type detector assembly that is removed readily for insgertion of an adapter
connecfed to metering equipment is, permissible. A plug-in type detector that is removed readily and
connecfed to metering equipment is@lso permissible.

8.2.6 P detector that incorporates a variable smoke sensitivity setting intended to b¢ field adjusted shall
have a echanical stop onthe adjusting means for the maximum and minimum settings.

8.3 Radioactive materials

8.3.1 The manufacture, importation, distribution, marking, and disposal of smoke gletectors containing
radioactive.material are subject to the safety requirements of local and federal agercies responsible for
the con‘rol of these materials.

8.3.2 Documentation verifying compliance with regulating agency requirements is required.
8.4 Insect guards

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

8.4.2 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 shall be made at different locations by an optical micrometer; five measurements shall
be made in each direction (not on diagonal).
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8.5 Supplementary heat sensor

8.5.1 When a heat sensor is provided integrally with a smoke detector, the requirements are as in 8.5.2 —
8.5.4, unless the heat sensor is solely used as one of the sensors in a multi-criteria smoke detector.

8.5.2 The temperature rating of the heat sensor shall not be less than 57 °C (135 °F).

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

8.5.4 A fixed-temperature heat detector shall operate within the temperature tolerance range according
to its rati ified i i ' .

) In Canada only: ULC-S530; or

b) In the United States only: UL 521.

8.6 intenance (Field cleaning)

8.6.1 [If recommended by the manufacturer, the detector shall b& cleaned without:

a) Degradation of performance, when tested in aggordance with Section 77| Field Service Tests;
and

b) Disturbance of field wiring.
8.6.2 [The procedures in 8.6.1 shall be described in the manufacturer's published instructions.
9 Coinpatibility Information
9.1 General

9.1.1 [Compatibility between. a two-wire smoke detector that receives its power from the initiating device
circuit ¢f a fire alarm system control unit is dependent upon the interaction between the circuit parameters,
such as$ voltage, current,frequency, and impedance, of the detector and the initiating flevice circuit.

9.1.2 |[Iitis permissible for a detector that does not receive its power from the initiating device circuit of a
control|unit (Cenventionally a detector having four or more wires for field connection)|to be employed with
any electrically compatible fire alarm system control unit without the requirement for compatibility
considgration as its connection does not impose any load on the initiating circlit. Under an alarm
condition, the four-wire detector acts as a switch (similar to a manual station or heat detector) to place the
system in alarm.

9.1.3 As a two-wire detector obtains its power from the initiating device circuit of a system control unit, its
operation is dependent on the characteristics of the circuit to which it is connected as the detector imposes
a resistive and capacitive load on the circuit. Similarly, the load imposed upon the initiating circuit by a
connected detector shall not prevent alarm response by a control unit to a detector in alarm, nor prevent a
trouble response to an open circuit after the last detector.

9.1.4 The connection of a two-wire smoke detector is restricted to the specific control units with which a
compatibility evaluation has been made.

9.1.5 A supplementary signaling device — such as an audible appliance, relay, or annunciator lamp (LED)
— that is integral with a two-wire smoke detector and that is also powered from an initiating device circuit of
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a fire alarm system control unit shall not be used when its operation, including level of audibility and light
output, is inhibited by the operation limitation of the initiating device circuit.

9.2 Method of evaluation

9.21

9.3

9.3.1

incompatibility with previously installed compatible combinations, the modified produc
differen

10 Sefvicing and Maintenance Protection

10.1

10.2

hazardg
direction of access if uninsulated livesparts or hazardous moving parts are not loG
directioI

mecharism, unless guarded.

10.3

considered.

104 A
mainterjance whilé energized (excluding voltage measurements except for jacks or
intende
respect
persons

Changes affecting compatibility

An uninsulated live part of a hazardous voltage ¢ircuit and hazardous moving
risk of i
unintentional contact by persons performing servicefunctions performed with the equi

In accordance with 9.1.1 — 9.1.5, to determine whether any combination of control unit and smoke
detector or detectors is compatible (whether the detectors are the same model or a mixture of one or more
models or types) the Two-Wire Smoke Detector Compatibility Tests shall be conducted, in accordance with
the country specific standards.

a) In Canada only: ULC 527; or

b\l ) [ (YD 1 [ eYaW |
) U UTINCU oldlco Ullly. UL OU%.

n the event of modifications to either detectors or control units~which result

model number or the compatibility identification marking of the product shall b

hjury to persons within the enclosure shall be<lecated, guarded, or enclosed

Manual switching devices may be logated or oriented with respect to uning
us moving parts so that manipulation of the mechanism can be accompl

of access) of the mechanism, or not located within 150 mm (5.9 in) of an

Ih determining compliance with 10.2 only uninsulated live parts in circuits abo

in the possibility of
shall be assigned a
e changed.

parts that present a
o reduce the risk of
bment energized.

ulated live parts or
shed in the normal
ated in front (in the
side or behind the

ve 30 Vrms shall be

n electricak-control component, which may require examination, adjust

ment, servicing, or
rminals specifically

j for.that’ purpose), shall be located and mounted with respect to other cgmponents and with
to.grounded metal parts so that it is accessible for electrical service functionfs without subjecting
to-the likelihood of shock hazard from adjacent uninsulated live parts or to acfidental hazard from

adjacent hazardous moving parts.

10.5 Other arrangements of location of components and/or guarding shall be also acceptable where
electrical components are accessible for service as indicated by 10.4.

10.6 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;
¢) Terminals and splices with insulation appropriate to the application; and

d) Insulated wire.
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10.7 An assembled part intended to be removed during installation shall be protected against damage
from normal handling.

11 Enclosure

111

11.1.1

General

The enclosure of a detector shall be constructed to resist the abuses encountered in service. The
degree of resistance to abuse inherent in the detector shall preclude total or partial collapse with the
attendant reduction of spacings, loosening or displacement of parts, and other serious defects, which
alone or in combination result in an increase in the risk of fire, electric shock, or injury to persons.

11.1.2

shall bg¢ evaluated in determining compliance with the requirement specified in 14,11

11.1.3
parts. A
require

result in a hazard or affect the operation of the detector or system supérvision.

11.1.4
that wo

11.1.5
surfacsg
from te

11.1.6

11.1.7

Any fitt]
mounti
remova
disassd

11.1.8
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clad c3
markin

Enclosures for individual electrical components, outer enclosures, and con&binations of the two

All electrical parts of a detector shall be enclosed to reduce the risk-6f contact
separate enclosure for field-wiring terminals that are intended to be enclosed
. An electrical part of a sampling chamber may be exposed.if contact with

There shall be no rear openings in a smoke detectaf through which debris or
uld affect detector response.

Following installation as intended there shall not be any openings between th
and the rear of the detector which allow{or sufficient passage of air to affe]
5t smoke.

Representative detectors shall be subjected to Section 37, Smoke Entry (Sta

The enclosure of a detectér'shall be provided with means for mounting in t
ngs, such as brackets or hangers, required for mounting shall be furnished v
ng means shall be .accessible without disassembling any operating part
| of a completely assembled panel, cover, or equivalent, to mount the detect
mbly of an operating part.

An enclgsure shall have provision for the connection of metal-clad cable, n
br conduit) A detector intended for permanent connection only to a wiring syst
ble_or conduit shall be marked to indicate the system or systems for whig

with uninsulated live
by a back box is not
such part does not

pir currents can pass

e intended mounting
ct detector response

Ck Effect) Test.

he intended manner.
ith the detector. The
pf the detector. The
br is not identified as

bn-metallic sheathed
em other than metal-
h it is suitable. The
e detector are made,

j-shall be so located that it will be visible when power-supply connections to th

or may

appear o theinstattatiormrwirmgdiagramnT.

NOTE: An enclosure without provision for such connection may be acceptable if the unit is intended for mounting on an outlet box.

11.2 Cast metal enclosures

11.2.1

The thickness of cast metal used for an enclosure shall be as indicated in Table 11.1. Cast metal

having a thickness 0.8 mm (1/32 in) less than that indicated in Table 11.1 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 equivalent mechanical strength is determined to be provided.
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Table 11.1
Cast Metal Enclosures
Minimum thickness
i i i Die-cast metal Cast metal of other than
Use or dimensions of area involved the die-cast type

mm (in) mm (in)
Area of 155 cm? (24 in?) or less and having no dimension greater 1.6 (1/162) 3.2 (1/8)
than 152 mm (6 in)
Area greater than 155 cm? (24 in?) or having any dimension 24 (3/32) 3.2 (1/8)
greater than 152 mm (6 in)
At a threaded conduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreaded conduit hole 3.2 (1/8) 3.2 (1/8)

2The ar

ea limitation for metal 1.6 mm (1/16 in) thick is obtained by the provision of reinforcing ribs subdividing a larger area.

11.2.2
orif an
metal, 3

11.2.3
enclosu
the con

1.3 §

11.3.1
indicate]
when th
surface
provide

If threads for the connection of conduit are tapped all the way threugh a hole
bquivalent construction is employed, there shall be not less than 35 nor more

When threads for the connection of conduit are tappéd only part of the way
re wall, there shall be a smooth, rounded inlet hole for,the conductors that sha
juctors equivalent to that provided by a standard:conduit bushing.

heet metal enclosures

The thickness of sheet metal employed for the enclosure of a detector shall
d in Table 11.2, except that sheet mietal of two gage sizes lesser thickness sh
e surface under consideration is(Curved, ribbed, or otherwise reinforced, or w
the size of the surface, or beth, are such that equivalent mechanical strength
.

Table 11.2
Sheet Metal Enclosures

h

n an enclosure wall,
han 5 threads in the

nd the construction shall be such that a standard conduit bushing can be propgrly attached.

hrough a hole in an
| afford protection to

not be less than that
Il be employed only
en the shape of the
is determined to be

Maxin

hum dimensiohs of enclosure Minimum thickness of sheet metal

Length

mm

or width
(in)

Area Steel, zinc-coated

(in) GSG

Steel, uncoated

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

Brass or aluminum

hm (in) AWG

305

(12) 581 (90) 0.86 (0.034) 20 0.81 (0.032) 20

14 (0.045) 16

610
1219
1524
1524

(24)
(48)
(60)

(Over
60)

2322
7742
9678
9678

(360)
(1200)
(1500)

(Over
1500)

1.14
1.42
1.78
2.46

0.045) 18
0.056) 16
0.070) 14
0.097) 12

1.07
1.35
1.70
2.36

(0.042) 18
(0.053) 16
0.067) 14
0.093) 12

1
1
2

(
(
(
(
( 3

)
)
)
)
)

A7
Rel|
41
10

(0.058) 14
0.075) 12
(0.095) 10
0.122) 8

11.3.2 At any point where conduit or metal-clad cable is to be attached, sheet metal shall have a
thickness not less than 0.81 mm (0.032 in) when of uncoated steel, not less than 0.86 mm (0.034 in) when

of galva

nized steel, and not less than 1.14 mm (0.045 in) when of nonferrous metal.

11.3.3 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.
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11.3.4 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 16.1, Mounting of Components.

11.3.5 A knockout in a sheet metal enclosure shall be secured and shall be capable of being removed
without excessive deformation of the enclosure.

11.3.6 A knockout shall be provided with a surrounding surface for seating of a conduit bushing, and
shall be located so that installation of a bushing at any knockout used during installation does not result in
spacings between uninsulated live parts and the bushing of less than those indicated in Section 28,
Spacings.

11.4 Nonmetallic enclosures

11.4.1 | An enclosure or parts of an enclosure of nonmetallic material shall be fornfed so that operating
parts afe protected against damage. The mechanical strength of the enclosure shall be at least equivalent
to a sh¢et metal enclosure of the minimum thickness specified in Table 11.27 See alsof Section 71, Tests on
Polymgric Materials.

11.4.2 | The continuity of any grounding system intended for,a ‘detector connection|shall not rely on the
dimengdional integrity of the nonmetallic material.

11.4.3 | Polymeric material used for an enclosure shall comply with the following requjrements:

a) Enclosures containing parts including a-tisk of fire — minimum flammability] rating of S5VA or V-0
and compliance with 71.4, Flame Test — 127 mm (5 in);

b) Enclosures containing power limited circuits with a voltage not exceedirl]g 30 volts AC, 42.4
volts-peak, or 60 volts DC — minimum flammability rating of V-2 or HB and sucfessful completion of
71.3, Flame Test — 19 mm (3/4.in); and

c) Enclosures containing gircuits powered by sources with energy limited to |15 watts — minimum
flammability rating of HB.

11.4.4 | Flammability ratings are defined in the following country specific standards:
a) In Canadaonly: CSA-C22.2 No. 0.17; and

b) Inthe United States only: UL 94.

11.5 Ventilating-epenings

11.5.1 Ventilating openings in an enclosure for hazardous-voltage circuits, including perforated holes,
louvers, and openings protected by means of wire screening, expanded metal, or perforated covers, shall
be of such size or shape that no opening permits passage of a rod having a diameter of 13 mm (33/64 in).
An enclosure for a fuse(s) or other overload protective device and provided with ventilating openings shall
not permit the emission of flame or molten metal. Openings provided which permit cleaning of internal
parts shall not permit damage to functional internal components during such cleaning operations.

11.5.2 Perforated sheet metal and sheet metal employed for expanded metal mesh shall be not less than
1.0 mm (0.042 in) in average thickness, 1.2 mm (0.046 in) when zinc coated.

11.5.3 When the indentation of the guard enclosure does not alter the clearance between uninsulated
live parts and grounded metal so as to reduce spacings below the minimum values required, it is
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permissible for 0.5 mm (0.021 in) expanded metal mesh or perforated sheet metal, 0.6 mm (0.024 in)
when zinc coated, to be employed under the following conditions:

a) The exposed mesh on any one side or surface of the device so protected has an area of not
more than 465 cm? (72 in?) and has no dimension greater than 300 mm (12 in); and

b) The width of an opening so protected is not greater than 90 mm (3.5 in).

11.5.4 The wires forming a screen protecting current-carrying parts shall be not smaller than 16 AWG
(1.3 mm?) and the screen openings shall be not greater than 3 cm? (0.465 in?) in area.

11.5.5 The wires forming a screen employed as a smoke chamber cover shall be not less than 22 AWG

032 2\ ¢ 4 1 ! ol 4l oA MALO (O N 2\ & I :
( . mm ) TU SLETIH AU TIULTTOS UidlT ZU AVVO (U ULZJI T ) TUT atdiTirmurtr.

11.6 Govers

11.6.1 [An enclosure cover of a detector shall be hinged, sliding, pivoted;@Grsimilarly attached when:

) It provides ready access to fuses or any other overcurrent protective device, the intended
rotective functioning of which requires renewal; or

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

For the [purpose of this requirement, intended operation is identified as operation of a|switch for testing or
for silerjcing an audible signal appliance or operafion of any other component of a detector that requires
such action in connection with its intended performance.

11.6.2 |A cover that is intended to be, removed only for periodic cleaning of the $ensing chamber or
replacement of a lamp shall be securedby any one of the following or equivalent means: snap catch, plug-
in or twist action, snap tab with onge_screw, or two screws.

11.6.3 [When a detector coyer.is not intended to be removed for cleaning, maintenamce, or both, and the
detectof is intended to be-returned to the factory for servicing, the cover shall be secyred so that it cannot
be readily removed. Expesed screw slots or nuts, other than a tamper proof type| shall be sealed or
covered. See 88.1(g)formarking.

Exceptipn: These ‘requirements do not apply when the detector cover is intended to be removed for
cleaning, maifitenance, or both, even though the detector is intended to be returned|to the manufacturer
for servTcing.

11.6.4 A hinged cover is not required where the only fuse(s) enclosed is intended to provide protection to
portions of internal circuits, such as a fuse on a separate printed wiring board or circuit subassembly, to
prevent excessive circuit damage resulting from a fault. The use of such a fuse(s) shall be used only when
the word "CAUTION" and the following or equivalent marking is indicated on the cover of a detector
employing hazardous-voltage circuits: "Circuit Fuse(s) Inside — Disconnect Power Prior To Servicing."

NOTE: In Canada, there are two official languages, French and English. Attention is drawn to the fact that some Canadian authorities
may require markings to be in both official languages. Annex B lists acceptable French translations of the markings specified in this
standard.

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

11.7.1 Glass covering an enclosure or observation opening shall be held securely in place so that it
cannot be displaced in service and shall provide mechanical protection of the enclosed parts. The
thickness of a glass cover shall not be less than the applicable value indicated in Table 11.3.

Table 11.3
Thickness of Glass Covers
Maximum size of opening
Length or width Area Minimum thickness
mm (in) cm? (in?) mm (in)
102 4) 103 (16) 16 (1/16)
305 (12) 929 (144) 32 (1/8)
Oyer 305 (Over 12) Over 929 (Over 144) see footnote 3 see footnote a

@3.2 min (1/8 in) or more, based upon the size, shape, and mounting of the glass panel. A glass panel forfan opening having an
area gréater than 929 cm? (144 in?), or having any dimension greater than 305 mm.(12'ir), shall be suppolted by a continuous
groove hot less than 4.8 mm (3/16 in) deep along all four edges of the panel.

11.7.2 | A transparent material other than glass employed\as a cover over an opehing in an enclosure
shall have mechanical strength equivalent to that of glass; shall not become a fire Hazard or distort, and
shall npt become less transparent at the temperature*to which it may be subjected under normal or
abnormal service conditions.

11.7.3 | A lens, light filter, or similar part ofia smoke detector shall be constructed of a material the
transpgrency of which is not impaired by the‘eonditions to which it is exposed in servite as represented by
the performance tests described in Sections 30 — 78.

12 Corrosion Protection

12.1 Iron and steel parts_shall be protected against corrosion by enameling, galvanizing, plating, or other
means|determined to be/equivalent.

Exceptfon: Parts made of stainless steel, polished or treated when required, do rlot require additional
protectjon.

12.2 TheNrequirement of 12.1 applies to all enclosures, whether of sheet steel or cast iron, and to all
springd and other parts upon which proper operation depends. It does not apply tolminor 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 detector.

12.3 Bearing surfaces shall be of such materials that reduce the risk of binding due to corrosion.

12.4 Iron and steel parts, except bearings, and the like, where such protection is impracticable, shall be
suitably protected against corrosion by enamelling, galvanizing, sherardizing, plating, or other equivalent
means.

12.5 Metal shall not be used in combinations such as to result in galvanic action that results in
deterioration of cabinets or enclosures.

12.6 Hinges and other attachments shall be resistant to corrosion.
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12.7 Nonferrous cabinets and enclosures do not require special corrosion protection.

13 Field Wiring Connections

13.1 General

13.1.1

A detector shall be provided with wiring terminals or leads for the connection of conductors
corresponding to the electrical rating of the detector and sized in accordance with:

a) In Canada only: CSA C22.1; and

b) In the United States only: NFPA 70.
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quivalent means of
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13.3 Field wiring terminals (general)

13.3.1

A field-wiring terminal to which field-wiring connections are made shall comply with the
requirements in 13.3.2 — 13.3.5:

a) In Canada only:

1) CSA C22.2 No. 153;
2) CSA C22.2 No. 65;

3) UL 486E; or

4) CSA C22.2 No. 158, rated for field-wiring (FW) Code 2 applications and also suitable for

the voltage, current, wire range, and wire type of the intended applicatio

n.
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b) In the United States only:
1) The field-wiring requirements in UL 310;
2) UL 486A-486B;

3) UL 486E; or

4) UL 1059, rated for field-wiring (FW) Code 2 applications and also suitable for the voltage,

current, wire range, and wire type of the intended application.

13.3.2 Nonferrous soldering lugs or solderless (pressure) wire connectors shall be used for 10 AWG
(5.3 mm?) and larger wires. When the connectors or lugs are secured to a plate, the

plate thickness shall

not be
the req

13.3.3
Plated

Except|
mm?) &
mm?) o

13.3.4

13.3.5
a nonfeg
not req
plate.
such as

ess than 1.3 mm (0.050 in) thick. Securing screws of plated steel have beer
Lirements.

A wire-binding screw used at a wiring terminal shall not be smaller.than No.
screws are not prohibited.

on: A No. 6 (3.5 mm) diameter screw is appropriate for use*for the connecti
nd a No. 4 (2.8 mm) diameter screw is appropriate for use for the connectio
I smaller conductor.

Terminal plates tapped for wire-binding screws.shall:

a) Have not less than two full threads in thé' metal (the terminal plate metal
provide the two full threads) and shall have upturned lugs, clamps, or the e
wires in position. Other constructions-may be used if they provide equivalent
wire-binding screw.

b) Be of a nonferrous metal not less than 1.3 mm (0.050 in) thick when used
diameter or larger screw;.and not less than 0.76 mm (0.030 in) thick whe
(3.5 mm) diameter or smaller screw.

When two or more conductors are intended to be connected by wrapping ur
rrous intervening)y metal washer shall be used for each additional conductor. A
uired whenwo' conductors are separated and intended to be secured under
Vhen thedwires protrude above terminal barriers, the nonferrous separator

upturned tabs or sides, to retain the wire.

determined to meet

8 (4.2 mm) diameter.

bn of a 14 AWG (2.1
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may be extruded to
uivalent, to hold the
hread security of the

vith a No. 8 (4.2 mm)
n used with a No. 6

der the same screw,
separator washer is
a common clamping
shall include means,

13.4

Bpecial field-wiring terminals (qualified application)

13.4.1
the con

Any of the following terminal configurations are suitable for connection of field wiring when all of

ditions in 13.4.2 are met:

a) Quick-Connect Terminals — Nonferrous, quick-connect (push-type) terminals consisting of male
posts permanently secured to the device and provided with compatible, female connectors for
connection to field wiring. These require a special tool for crimping of field wires. Mating terminals

shall be shipped with the control unit with instructions for their installation;

b) Push-In Terminals — Nonferrous (screwless), push-in terminals of the

type used on some

switches and receptacles. Solid conductors are pushed into slots containing spring-type contacts.

The leads are removable by means of a tool inserted to relieve the spring tens

ion on the conductor.

Push-in terminals are not to be used with aluminum conductors. The marking adjacent to the

terminal shall indicate that copper conductors only are to be used; and
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c) Other Terminals — Other terminal connections are not prohibited when determined to be
equivalent to item a and b and are limited to the same restrictions.

13.4.2 Any of the terminal configurations listed in 13.4.1 are appropriate for connection of field wiring
provided all of the following indicated conditions are met.

a) When a special tool is required for connection, it shall be provided and its use indicated on the
installation wiring diagram by name of the manufacturer and the model number or equivalent.

b) The range of wire sizes shall be indicated on the installation wiring diagram. The minimum
permissible wire size to be used shall not be less than 26 AWG (0.13 mm?) for a jacketed, multi-
conductor cable or 18 AWG (0.82 mm?) for a single conductor wire.

13.5 F

13.51

with str
thermoy
13.6 G

13.6.1
is inten
under fa

13.6.2

I) An extra-low voltage-detector;

) The wire size to be used shall be rated for the current-carrying capacity ofith

ield wiring leads

Leads provided for field connections shall not be less,than 152 mm (6 in) lor
hin relief; shall not be smaller than 18 AWG (0.82.min?); and the insulation
lastic, shall not be less than 0.8 mm (1/32 in) thick{ Wire shall be of stranded ¢

srounding terminals and leads

A hazardous-voltage detector which is provided with an overall nonmetallic 6
Hed to be serviced internally, and -employs internal dead metal parts which
ult conditions, requires an equipment grounding terminal or lead, or the equivs

An equipment grounding terminal or lead is not required for:

) A hazardous-voltage detector provided with an overall nonmetallic enclosur
5 not intended to be internally serviced;

) A hazardous-voltage detector provided with an overall nonmetallic enclosurg

1) That does not employ internal dead-metal parts which are enern

b circuit application.

¢l) The special field-wiring terminal assembly shall comply with the strain‘reli¢f test as outlined in
T12.2, Special Field-Wiring Terminals.

g; shall be provided
, when of rubber or

bpper.

nclosure and cover,
become energized
lent.

b and cover and that

and cover, and:

gized under a fault

condition and be contacted during servicing; or

2) Having internal dead metal parts that are insulated; or

d) A hazardous-voltage detector provided with an overall nonmetallic enclosure and cover that
includes internal dead metal parts which are contacted during servicing,and employs a 2-pole
disconnect switch which de-energizes both legs of the supply circuit upon removal of the cover.

13.6.3 The grounding means shall be connected to all exposed dead metal parts that become energized
and all dead metal parts within the enclosure that are exposed to contact during servicing and
maintenance. See Section 15, Bonding for Grounding.

13.6.4 The surface of an insulated lead intended solely for the connection of an equipment grounding
conductor shall be green, with or without one or more yellow stripes, and no other leads visible to the
installer, other than grounding conductors, shall be so identified. A field wiring terminal intended for
connection of an equipment grounding conductor shall be plainly identified, such as by being marked "G,"
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"GR," "Ground," "Grounding," or the equivalent, or by a marking on a wiring diagram provided on the
detector. The field wiring terminal shall be located so that it won't to be removed during servicing of the
detector.

NOTE: In Canada, there are two official languages, French and English. Attention is drawn to the fact that some Canadian authorities
may require markings to be in both official languages. Annex B lists acceptable French translations of the markings specified in this
standard.

13.7 Grounded supply terminals and leads

13.7.1

A field wiring terminal for the connection of the grounded supply conductor

shall be identified by

means of a metallic plated coating substantially white in color and shall be readily distinguishable from the

other t

St alo eaticon—aof-thaotaroainal ritha oconnantion AFf th A ey e

eql conductor shall be

clearly

13.7.2
show 3|

dantifi A
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shown in some other manner, such as on an attached wiring diagram.

A field wiring lead provided for connection of the grounded supply-conductd
white or gray color and shall be readily distinguishable from otherleads, and

to the ipstaller, other than grounded conductors, shall be so identified.

r shall be finished to
no other leads visible

13.7.3 | A terminal or lead identified for the connection of the grounded supply cdnductor 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.

13.8 Isolated (nongrounded) detectors
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141

14.11

General

The internal wiring of a detector shall consist of conductors having:
a) 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.

The wiring shall be routed away from the moving parts and sharp projections and held in place with
clamps, string, ties, or the equivalent, unless the wiring is determined to be rigid enough to retain a shaped
form.
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14.1.2 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.

14.1.3 When the use of a short length of insulated conductor is not feasible, such as for a short coil lead
or the like, it is permissible for electrical insulating tubing to be employed. The tubing shall not be
subjected to sharp bends, tension, compression, or repeated flexing and shall not contact sharp edges,
projections, or corners. 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 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

moisturg Tesistance characteristics ol _polyvinyl chioride tubing having a wall thigkness of 0.43 mm
(0.017 ip).
14.1.4 |Internal wiring of circuits which operate at different potentials shall”be rgliably separated by

barriers| or shall be segregated, unless the conductors of the circuits of\léwer voltag
insulatign equivalent to that required for the highest voltage involved. Segregation of i
may beg accomplished by clamping, routing, or an equivalent\means, which
separatlon. See 14.4, Barriers.

e are provided with
hsulated conductors
ensures permanent

14.1.5 | have the individual

strands

Stranded conductors clamped under wire-binding/screws or similar parts sha
soldered together or be equivalently arranged toprovide secure connections.

14.2 Wireways

14.2.1 | Wireways shall be smooth and free from sharp edges, burrs, fins, moving parts and the like, which

may cayise abrasion of the conductor insulation.

q

J

14.3 Splices

14.3.1 [ All splices and connections shall be mechanically secured and bonded electrically. Tack soldering

of com
when 5
inspecti

14.3.2

onents or electricalleads is permitted where the construction precludes mec
samples resist a pull-force of 8.9 N (2 Ibs) applied for 3 s and the connection ig
bn and testing with the same pull force by the manufacturer.

A splice shall be provided with insulation determined to be equivalent to that

nanical security only
subjected to 100 %

pf the wires involved

when pg¢rmanence of electrical spacings between the splice and uninsulated metal paits is not provided.
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damage the insulation or affect the integrity of the splice.

r vibration does not

(0]

14.4 Barriers

14.41 A metal barrier shall have a thickness at least equal to that required by Table 11.2 as determined
by the size of the barrier. A barrier of insulating material shall not be less than 0.71 mm (0.028 in) thick and
shall be thicker when it is possible for deformation which defeats its purpose to be easily accomplished.
Any clearance between the edge of a barrier and a compartment wall shall not be more than 1.6 mm
(1/16in).

14.5 Strain relief

14.5.1 A strain relief means shall be provided for the field supply leads, battery leads and all internally
connected wires or cords that are subject to movement in conjunction with the installation, operation, or
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servicing of a detector 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 Section 72, Strain Relief Test.

15 Bonding for Grounding

15.1  An exposed non-current-carrying metal part of a detector 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
bushing provided for field power-supply connections. This requirement also applies to a detector equipped

with auxiliary function contacts rated at more than 30 Vrms.

15.2 [Except as indicated in 15.3, uninsulated metal parts of electrical enclosures, motor frames and
mounting brackets, controller mounting brackets, capacitors, and other elecirical gomponents shall be
bonded for grounding when it is possible that they be contacted by thé-user or|by a serviceman in
servicing or operating the equipment.
15.3 Metal parts as described below are not required to comply with-the requirement specified in 15.2:
a) Adhesive attached metal foil markings, screws, and¢handles, that are located on the outside of
the detector enclosure and isolated from electrical-cemponents or wiring by grounded metal parts
5o that they shall not become energized;
b) Isolated metal parts, such as small assembly screws, that are separated from wiring and
uninsulated live parts;
c) Panels and covers which do notsenclose uninsulated live parts, when wiring is positively
separated from the panel or cover 50 that it shall not become energized; and
d) Panels and covers which-are insulated from electrical components and wjring by an insulating
barrier of vulcanized fiber,\warnished cloth, phenolic composition, or similar material not less than
0.8 mm (1/32 in) thick and’secured in place.
15.4 A bonding condicfor shall be of material determined to be capable for yise as an electrical
condudtor. When of ferrous metal, it shall be protected against corrosion by painting, plating, or the
equivalent. The conductor shall not be smaller than the maximum size wire employed in the circuit wiring
of the Jomponentior part. A separate bonding conductor or strap shall be installed in such a manner that it
is protgcted froam’mechanical damage.
15.5 The hnnding shall he hy a_positive means_such as hy Plnmlning, riveting, bolted or screwed

connection, brazing, or welding. The bonding connection shall penetrate nonconductive coatings such as
paint. Bonding around a resilient mount shall not depend on the clamping action of rubber of similar
material.

NOTE 1: A bolted or screwed connection that incorporates a star washer under the screw head is considered acceptable for
penetrating non-conductive coatings.

NOTE 2: Where the bonding means depend upon screw threads, two or more screws or two full threads of a single screw engaging
metal are considered acceptable. Metal-to-metal hinge-bearing members for doors or covers may be considered as a means for
bonding the door or cover for grounding providing that a multiple bearing, pin-type hinge is employed.

15.6 Splices shall not be employed in conductors used to bond electrical enclosures or components.
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CONSTRUCTION — COMPONENTS

16 General

16.1

16.1.1
turning

Mounting of components

All parts of a detector 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:

Excepti
indicato

turning

16.1.2
or shift

accepts
live part

16.1.3

surface
when s
accomp

connec

16.2 (

16.2.1

protectq
materia

Ja) The switch is of a plunger or other type that does not tend to rotate wher
$witch is subject to forces that tend to turn the switch during operation of the sw

b) The switch mounting means is constructed so that it is not loosenegd-by the s

t) The spacings are not reduced below the minimum required values when the

¢/) The operation of the switch is by mechanical means rather than by the direct

bn No. 2: A lampholder of the type in which the lamf ¢annot be replaced, su
 light in which the lamp is sealed in a nonremovable jewel, are not required f
When rotation does not reduce spacings below the minimum values required.

Uninsulated live parts shall be secured ta'the base or mounting surface so th
in position, when it is possible that such motion results in a reduction of
ble values. Friction between surfaceséshall not be used as a means to prevent
s, a lock washer applied as intended is permissible.

Uninsulated live parts, for.(example, field wiring terminals, shall be secured
5 by methods other than friction between surfaces so that they shall not tur
Lich motion results in reduction of spacings below the minimum values req
lished by two screws-or rivets, by square shoulders or mortices, by a dowel pi
{ing strap or clipfitted into an adjacent part, or by any method determined to be

Pperating/components

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

operated. A toggle
jtch.

yvitch operation.
switch rotates.

contact by persons.

h as a neon pilot or
Db be prevented from

bt they shall not turn
Epacings, below the
shifting or turning of

to their supporting
n or shift in position
uired. This is to be
N, lug, or offset, by a
equivalent.

ar devices, shall be

d\by individual protection (i.e. dust covers) or dust tight cabinets against foulin

h by dust or by other

which affect their operation.

16.2.2 Adjusting screws and similar adjustable parts shall not loosen under the conditions of actual use.
The use of a lock washer, applied as intended, to reduce the risk of loosening is permissible.

16.2.3

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

16.2.4 Manually operated parts shall have sufficient strength to withstand the stresses to which they will

be subj

ected in operation.

16.2.5 An electromagnetic device shall be reliable and ensure positive electrical and mechanical
performance under all conditions of normal operation.
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