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INTRODUCTION

1 Scope

1.1 This Standard applies to emergency lighting and power equipment for use in unclassified locations

and intended for connection to branch circuits of 600 volts or less. Such equipment is intended to
automatically supply illumination or power or both to critical areas and equipment in the event of failure of
the normal supply, in accordance with Article 700 or 701 of the National Electrical Code, NFPA 70, the Life
Safety Code, NFPA 101, the Fire Code, NFPA 1, the International Building Code, IBC, and the
International Fire Code, IFC.

1.2 Examples of equipment described in 1.1 include:

Exit Si
Emerd
Unit E
Centrg
Inverts
Autom

Emerd

1.3 This Stq|
Auxiliary equ
requirements
101, or the |
backup powe

1.4 The ba
equipment wi
in these cas
expectations.
adhere to 5.1
safety standa

Lumin

ons

ency Luminaires
uipment

| Station Battery Banks
rs

atic Battery Charging and Control Equipment

hdard also applies to auxiliary lighting and power equipment for use in unclass
ipment has not been investigated to determine compliance with the
of Article 700 or 701 of the Natienal Electrical Code, NFPA 70, the Life Safet

supply, illuminated directional signs, battery assemblies, and related devices.

bic requirements for, protection against risk of fire, electric shock, and in
hin the scope of this'standard are addressed in other standards. The primary
es is to validate” compliance with emergency system functionality and
The investigation of such equipment for UL 924 compliance shall, to the e
and 5.2¢{typically applied to Components). Examples of equipment and t
rds thatlexhibit this relationship include, but are not limited to, the following:

hiresyUL 1598

ency Lighting Control Devices (e.g., Automatic Load Control Relays, Derangement Signals)

ified locations.
performance
y Code, NFPA

hternational Building Code..Such equipment includes luminaires with an iptegral battery

jury for some
role of UL 924

performance
tent practical,
eir respective

Low Voltage Lighting Systems, UL 2108

Electric Signs, UL 48

Uninterruptible Power Systems, UL 1778

Energy Storage Systems and Equipment, UL 9540

Branch Circuit Emergency Lighting Transfer Switches, UL 1008

(PoE)

Power Source Equipment, UL 60950-1 or UL 62368-1
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1.5 Emergency lighting and power equipment intended for installation in Classified (hazardous)
Locations, as defined in NFPA 70, shall comply with additional or alternative requirement outside the

scope of this s

tandard.

2 References

21
be interpreted

as referring to the latest edition of that code or standard.

3 Resistance to Environmental Conditions

t markad with an anclasure-tvyna-numbhaer stich 26 AX _chall camnh/with thg f
a8 WHH-ah-8h6eSHHe-tPe-RupDe - SHeRaS-4ASHah FRAPH-AHRHE-

Any undated reference to a code or a standard appearing in the requirements in this standard shall

lowing:

enclosure shall comply with the applicable requirements specified in. the
Lires for Electrical Equipment, UL 50, and

equipment shall comply with the requirements in this standard fortse in the

indicat¢d by the enclosure type designation.

3.1 Equipm
a) The
Enclos
b) The

4 Glossary

4.1 Forthep

4.2 AUTOMA

storage batten

4.3 AUTOMA
switches dim

urpose of this standard the following definitions apply.

ATIC BATTERY CHARGING EQUIPMENT —"Equipment provided to mainta
bank in a charged condition at all times when the normal supply is available.

ATIC LOAD CONTROL RELAY —-An Emergency Lighting Control Device
d or off emergency luminaires to full illumination output when the normal su

e
returns the Iur:[ninaires to the previous status*when the normal supply is restored. These d

transfer switch
source) to sp

bcific loads. They connect'to a second (typically, the normal) source of p

monitoring putposes.

4.4 AUXILIA

RY LIGHTING AND POWER EQUIPMENT — Equipment associated with or

not interconng

cted with or required as part of a facility's emergency lighting or power

es, but instead transmit poweronly from a single upstream source (typically, tI

Standard for

environment

in the central

(ELCD) that
oply fails, and
vices are not
€ emergency
bwer only for

elated to, but
system. This

equipment is pot evaluated-for compliance with the minimum output (power or light) requirements of the
National Electrical Code}; ANSI/NFPA 70, the Life Safety Code, NFPA 101, or the Internafional Building
Code, and is so marked.

pote lighting or

power equipment.

4.6 CENTRAL STATION BATTERY LIGHTING AND POWER SYSTEMS — Systems intended to supply
power for emergency lighting equipment, typically consisting of a central storage battery bank, automatic
battery charging equipment, inverters, automatic control relays, multi-circuit distribution equipment,
derangement alarm equipment, and other applicable accessories. Such equipment may be integrally
housed in a single overall enclosure or may be separately enclosed for remote connection to a central
control unit.

4.7 CENTRAL STORAGE BATTERY BANK — Storage batteries arranged and connected so as to
provide the required emergency system voltage.

4.8 CLASS 2 CIRCUIT — A circuit supplied by an isolating source that complies with the Standard for
Class 2 Power Units, UL 1310 or the Class 2 requirements of either the Standard for Low Voltage
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Transformers — Part 1: General Requirements, UL 5085-1 and the Standard for Low Voltage Transformers
— Part 3: Class 2 and Class 3 Transformers, UL 5085-3, or the Limited Power Source Test of the Standard
for Household and Commercial Batteries, UL 2054.

4.9 COMBINATION UNIT — A single piece of equipment that functions as an Exit Light and as Unit

Equipment.

410 COMBUSTION — The decomposition of materials from solid to vapor state, through the application
of heat, typically evidenced by flames, smoldering, charring, or mechanical deformation.

4.11
inverter to fun

ction in the emergency mode using only the battery supply.

COMPOSITE SOLID STATE SWITCH-INVERTER - Electronic switching circuitry that permits an

4,12 CONTI
indicator that
members, ea
disconnected

413 DERAN
an emergency

4.13.1 DIRH
automatically
illumination g
through a con

414 DUTY
pulse duratior
light pulse du

4.15 ELECT
field.

416 EMER
ELCD (or EL(
of normal pow

417 EMER
ballast and an

NUOUS ILLUMINATED LETTER OR DIRECTIONAL INDICATOR — A-letter
is continuous over its entire illuminated height, width or stroke width. |Up to
ch no more than 0.3 inches (8 mm) in width, may be provided~in*letters
center sections.

NGEMENT ALARM — An audible or visible (or both) signalito-indicate disrupti
power circuit.

CTLY CONTROLLED EMERGENCY LUMINAIRE& A luminaire with ALCR
override any control setting (such as dim or “off*) and restore full (or some
vel upon loss of normal power. The ALCR functionality can be integral to th
trol signal input from a remote ELCD.

CYCLE — As applicable to flashing:€Xit fixtures and exit lights, duty cycle ref
("on" time) expressed either as a percentage or fraction of the cycle duration
ation and duration between successive light pulses ("off" time).

ROLUMINESCENT - The,emission of light from a phosphor excited by an e

SENCY BALLAST-— An assembly with batteries, a charger, high frequency
CF circuit) intended to provide emergency power to one or more fluorescent la
er.

SENCY'BATTERY PACK — A term used within this standard to refer to both
emergency LED driver.

or directional
two structural
vith physically

bn or failure in

functionality to
other pre-set)
e luminaire or

ers to the light
or as both the

ectromagnetic

inverter, and
mps upon loss

an emergency

418 EMERGENCY LED DRIVER — An assembly with batteries, a charger, LED driver, and ELCD (or
ELCF circuit) intended to provide emergency power to one or more LED lamps or arrays upon loss of
normal power.

4.18.1 EMERGENCY LIGHTING CONTROL DEVICE (ELCD) — A separate or integral device intended
to perform one or more EMERGENCY LIGHTING CONTROL FUNCTIONS. Upon loss of normal power,
an ELCD defaults to a position that does not disrupt the flow of emergency power to any controlled
emergency load.

4.18.2 EMERGENCY LIGHTING CONTROL FUNCTION (ELCF) — An activity related to the
performance of an emergency lighting system, including but not necessarily limited to one or more of the
following:
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a) Sensing normal power status and transmitting a normal power status signal to a separate or

integral

device;

b) Interpreting a normal power status signal (receiving and translating to some other type of signal);

c) Cont

rolling the lighting output level (e.g., changing “off” to “on”; “dim” to “full”);

d) Distributing emergency power or control signals among connected devices;

e) Simulating a loss of normal power (for manual testing or self-test/self-diagnostic purposes).

Each function is subject to performance validation in accordance with the Emergency Lighting Control
Functionality (ELCF) Test, Section 47.

419 EMERC
a) Two
of pow
b) One
c)Aneg

420 EXITFI
a)Tob
b) To il

421 EXITLI

more lamps th

supply. An ex

battery. If a ba

422 EXIT S
Photolumines

4.23 FIELD-
component ur
connected in {

Itery is used, a means fof charging the battery is included.

EENCY LUMINAIRE — An illumination source with:

br (no automatic control equipment),
or more lamps and an integral ELCD, or

mergency battery pack.

XTURE — A fixture with one or more lamps intended:
b permanently connected to only one source-of power (normal or emergency)

uminate an integral text or graphical symbol legend.

GHT — A complete, enclosed unit.assembly arranged for permanent connectio
at illuminate an integral text or\graphical symbol legend upon failure of the
t light may have an automatic load control device and may be provided W

GN — A generalterm used to refer to an Exit Light, Exit Fixture, and Seli
ent Exit Sign.

WIRING TERMINAL — Any terminal of the equipment as well as any te
it (circuit)breaker, switch, and the like) in the equipment to which conduct
ne field:

or more lamps intended to be separately connected to a normal and>an emefgency source

and

n, with one or
normal power
ith a storage

-Luminous or

minal of any
prs are to be

424 FLOO
less than 6 inc

hes (150 mm) and no more than 18 inches (455 mm) above floor grade.

PROXIMITY EXIT SIGN — An exit sign intended to be mounted with the bottom edge no

4.25 FULL-SIZE ILLUMINATED LEGEND — A text-based legend whose dimensions conform to Table
41.2, or a graphical symbol legend whose dimensions conform to Figure 42.2 and Figure 42.3.

4.26 GRAPHICAL SYMBOL - A pictorial representation (also known as a pictogram) serving as a non-
language based visual indicator of meaning. Graphical symbols within the context of this Standard are as
described in the Standard for Fire Safety Symbols, NFPA 170.

4.27 HIGH-FREQUENCY INVERTER - An arrangement of solid-state circuitry designed to convert
direct-current power to high-frequency (greater than 800 hertz), alternating current and the voltage
required to operate electric discharge lamps.
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4.28

foot-candles or lux.

4.29
spliced by an

4.30
be connected

4.31

installer in the field.

by an installer in the field.

ILLUMINANCE - The amount of light imposed on the surface of a material or object, measured in

INSTALLATION-WIRING LEAD — Any wire lead to which a supply or other wire is intended to be

INSTALLATION-WIRING TERMINAL — Any terminal to which a supply or other wire is intended to

ISOLATED CIRCUIT — A circuit supplied by a source with no direct electrical connection between

input and output (such as a transformer or optical isolator). A common grounding means for the input and

output does n

4.32 LAMP
or not, intend
the legend) o
equipment).

4.33 LAMPH
enclosure of t

ot violate the isolating nature of the source.

- A light source of any configuration (e.g., bulb, tube, LED array or module, letc
bd to illuminate portions of the equipment (such as a lamp inside an exit sign t
I to illuminate the environment where the equipment is located (such as the

HEAD — As applicable to unit equipment, a lamp assembly mounted externa
he equipment with a swivel or equivalent mounting means'so as to be adjustab

4.34 LEGEN
symbols inte

adopted buildjng or fire code.

4.35 LIMITING IMPEDANCE CIRCUIT — A circuit, supplied by an impedance that, u

condition incl
a) Hag

b) Dos

The limiting imnpedance shall additionally function under any single fault condition unless i

single resisto
Electronic Eq
Suppression

Impedance C

4.36 LOW-H

ID — Text (in English or other languages as appropfiate for the installation sit
ded to transmit a specific message associated with life safety, in accorg

ding when a direct short is applied a¢ross the source output:
a calculated power dissipation:of15 W or less, and

s not incur any opened or'shorted components.

r, or of a single ¢apacitor that complies with the Standard for Fixed Capacit
Llipment — Part 44 Sectional Specification: Fixed Capacitors for Electromagnet
and Connection to the Supply Mains, UL 60384-14. See Determinatig
rcuit Status;-Section 51.

REQUENCY INVERTER - An arrangement of solid-state circuitry design

.), replaceable
hat illuminates
lamps on unit

ly to the main
le.

p) or graphical

ance with an

hder any load

t consists of a
ors for Use in
ic Interference
n of Limiting

ed to convert

direct-current

power to low-frequency (50 — 800 hertz). alternating current and the volta

je required to

operate lighting and power equipment.

4.37 LOW-VOLTAGE, LIMITED-ENERGY CIRCUIT — A circuit supplied by a source of open circuit
potential below the risk of electric shock and maximum 8 A, or 150/V amps for circuits operating between
30 - 60 Vdc, measured after one minute of operation. See Section 50.

4.38 LUMINANCE — The amount of light emitted from a surface, measured in foot-lamberts or candelas
per square meter.

4.39 MULTI-CIRCUIT DISTRIBUTION EQUIPMENT — Any multi-circuit distribution panel incorporating
individual branch circuit overcurrent protection. This equipment may be provided with individual branch
circuit monitoring control relays.
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440 NON-CONTINUOUS ILLUMINATED LETTER OR DIRECTIONAL INDICATOR — A letter or
directional indicator that is not continuous over its entire illuminated height, width, or stroke width.
Examples of such constructions are exit signs with a series of point light sources (such as light-emitting
diodes — LEDs) or illuminated segments separated from each other by nonluminous (opaque) spaces.

4.40.1 OPEN TYPE DEVICE — A component or subassembly with instructions that limit installation to
within enclosures of metal or nonmetallic materials suitable for fire containment and that limits user access
to parts representing a risk of electric shock. See 74.9.

441 OTHER ACCESSORIES — Any equipment that may be provided as a component part of a central
station battery lighting and power system, other than remotely connected lighting fixtures (such as battery

disconnect switching devices, phase monitor equipment, and the like).

442 PHOTQ
after excitatior

4.43 QUALIR
product.

4.44 REDUCQ
41.1, the illum
mm) high by 1

445 REMOT
equipment or

4.46 RETR(Q

447 RISK C
potential betw
Table 4.1, and
more than 5 m

LUMINESCENT - Having the property of emitting light that continues for a
by visible or invisible light has been removed.

FIED SERVICE PERSONNEL - Persons trained in the installation and se

ED-SIZE ILLUMINATED LEGEND - A legend having full size letters in ac
nated areas of which are smaller with dimensions between 5-1/2 to 6 inches (1
L1/2 to 2 inches (38.1 to 50.8 mm) wide with a 1/4 t6/3/4 inch (6.4 to 19.1 mm)

[E LAMP ASSEMBLY — A unit with one or_mere lamps intended to be con
bentral station battery lighting and power systems.

F ELECTRIC SHOCK — A risk-of electric shock is considered to exist if th
ben any two uninsulated parts, or an uninsulated part and ground, is higher tha
the available current that would flow between the parts, through a 1500-ohm
A.

Table 4.1
Voltage limits for risk of electric shock

ength of time

rvicing of the

tordance with
39.7to 152.4
stroke.

hected to unit

FIT — An assembly intended to be petmanently field installed in existing equipment.

e open-circuit
n as shown in
resistance, is

Maximum voltage
Wawveform,type? Dry and damp locations Wet locatiohs
Sinusoidal ac 360-Vers 5
Non-sinusoidal ac 42.4 Vpeak 21.2 Vpeak
dc B° 60V 30V

wet locations.

2 For a combined ac + dc waveform, the wet location voltage limit shall be the non-sinusoidal ac limit where the dc voltage is no
more than 10.4 V, and shall be (16 + 0.45*dc voltage) V where the dc voltage is between 10.4 V and 30 V. The dry and damp
location voltage limit shall be twice these amounts.

b If the peak-to-peak ripple voltage on a dc waveform exceeds 10 percent of the dc voltage, the waveform shall be considered a
combined waveform per footnote a above.

¢ DC waveforms interrupted at frequencies between 10 — 200 Hz shall be limited to 24.8 V in dry and damp locations, and 12.4 V in

4.48 RISKO

F FIRE — A risk of fire exists in all electrical circuits except:

a) A Class 2 circuit;
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b) An isolated, low-voltage, limited-energy circuit; or

c) A limiting impedance circuit.

4.49 ROUTINE MAINTENANCE - Periodic tasks to maintain the equipment in proper working order and
intended to be performed by other than qualified service personnel. Examples are, replacing fuses
(branch-circuit or load-circuit type), replacing light sources, adding water to batteries and checking specific
gravity of electrolyte. An enclosure or compartment is not considered subject to routine maintenance
activities when it requires a tool for access and is marked per 73A.4.9.

450 ROUTINE OPERATION — Operation of a test switch located inside or outside the overall enclosure,

resetting of switches and circuit breakers, and similar operations.

4.51 SEALH
electrolyte or

452 SELF-
self-contained
luminous exit
definition doe

4521 SELH
related to its

452.2 SELH
tests, and pro
lighting functi

453 SERVI
atool to acce

4.54 TRANS
exit signs, a
material that
construction

D BATTERY/CELL — A battery/cell that has no provision for the additio
for external measurement of electrolyte specific gravity.

LUMINOUS EXIT SIGN — A sign with an integral legend that is (powered con
energy source other than a battery, such as radioactive tritium gas. Opera
sign is independent of external power supplies or other“external forms o
5 not include exit signs dependent upon photoluminescentmaterials.

-DIAGNOSTIC ONLY EQUIPMENT — Equipment ‘that automatically perfqg
eadiness to provide emergency lighting functionality.

-TESTING/SELF-DIAGNOSTIC EQUIPMENT - Equipment that automati
vides visual (or other) reporting on those tests, related to its readiness to prov
bnality in accordance with this Standard:

CE — Tasks intended to be perfermed on-site by qualified personnel and that
5s any compartment or specialized knowledge for performance of the task.

BLUCENT — The property of letting light through without being transparent. A
luminous surface that is not transparent, but provides the same effect as

onsisting of @ transparent material applied over a luminous non-transparent

edge-lighted ¢xit sign constructions is considered to be translucent.

455 UNFIL]
lack of alens

'ERED- In the context of a luminaire intended to activate a photoluminescen
pr diffuser that removes any appreciable portion of the UV spectrum.

n of water or

tinuously by a
tion of a self-
f energy. This

rms tests not

cally performs
de emergency

requires either

5 applicable to
a translucent

s illuminated from_the back is also considered to be translucent. For examplg¢, a composite

surface as in

t exit sign, the

4.56 UNIT EQUIPMENT — A complete, enclosed unit assembly, consisting of a rechargeable battery, a
battery charging means, provisions for one or more lamps either mounted on the equipment or remote or
both, and an ELCD (or ELCF circuit) to energize the lamps automatically upon failure of the normal supply.
Terminals or leads are provided for the connection of remote lamps.

457 VENTED BATTERY/CELL — A battery/cell provided with positive openings that permit free
interchange of cell gases with the outside atmosphere.

4.58 VISIBLE - Legible (as pertains to text) and distinguishable from other text or symbols.
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5 Components

5.1 Except as indicated in 5.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix for a list of standards covering components generally
used in the products covered by this standard.

5.2 A component need not comply with a specific requirement that:

a) Involves a feature or characteristic not needed in the application of the component in the product
covered by this standard or

b) Is superseded by a requirement in this standard.

5.3 A compgnent shall be used in accordance with its recognized rating established\for| the intended
conditions of yse. Load control devices shall be rated for the type(s) of loads controlled:

5.4 Specific components are recognized as being incomplete in construction, features or restricted in
performance gapabilities. Such components are intended for use only under limited condifions, such as
certain tempefatures not exceeding specified limits, and shall be used onlysunder those spedific conditions
for which theyhave been recognized.

5.5 A compgnent not marked with a short-circuit current ratingyis/considered rated for use in a circuit
having a maxinum available fault current as shown in Table 5.1:

Table 5.1
Assumed maximum short-circuit current rating for unmarked components

Short-circuit
Component curfent rating, kA

1. Circuit breakey (including GFCI type) 5
2. Clock-operatdd switch 5
3. Fuseholder 10
4. Lighting fixturg (circuit) internal 5
5. Miniature fusg 102
6. Plug fuse 10
7. Industrial confrol equipment:

a) Auxiliary flevice 5

b) Switches|(other than mercury tube type) 5

c) Mercury tube switches rated over 60 amperes or over 250 volts 5
8. Meter socket base 10
9. Photoelectric switches 5
10. Receptacle (other than GFCI type) 10
11. Snap switch 5
12. Terminal block 10
13. Thermostat 5
@ The use of these fuses is limited to 125-volt circuits.

5.6 The short-circuit current available in the secondary circuit of a transformer rated 10 kVA or less is
considered to be 5,000 amperes or less.
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5.7 The short-circuit current available on the load side of a 15 ampere current-limiting circuit breaker or
Class CC, G, J, RK-1, RK-5, or T fuse is considered to be 5,000 amperes. In a single-phase 120-volt
circuit, the short-circuit current available on the load side of a 20 ampere circuit breaker or Class CC, G, J,
RK-1, RK-5, or T fuse is considered to be 10,000 amperes or less.

5.8 Emergency power equipment intended for connection to a supply source capable of more than 5,000
amperes capacity shall comply with the requirements for short circuit current ratings for industrial control
panels in Supplement SB of the Standard for Industrial Control Panels, UL 508A.

6 Units of Measurement

6.1
be only appro

If a value for measurement is followed by a value in other units in parentheses, the second value may
Kimate. The first stated value is the requirement.

6.2 Unless i are root mean

square (rms).

ndicated otherwise, all voltage and current values mentioned in this standard

7 Radioactive Energy Sources

7.1 Self-luminous exit signs utilizing a radioactive material as the energy source are
requirements [of the United States Nuclear Regulatory Commission ‘or Agreement State 3
generally licepsed device.

subject to the
s applied to a

CONSTRUCTION

8 Frame and Enclosure

8.1 Genera

8.1.1 A fran
necessary to
electric shockK
loosening or

8.1.2 Anop
material that 1

e and enclosure shall be formed and assembled so that it will have the stren
resist the abuses to which it is likely to be subjected, without increasing t
, or injury to persons due to total or partial collapse, with resulting reductio
isplacement of parts, or other serious defects.

erating part,.such as a relay and similar devices, shall be protected agains
hay adversely affect the intended operation.

hth and rigidity
he risk of fire,
h of spacings,

dust or other

8.2 Uninsu1ated live parts

8.2.1

Uninsulated electrical parts that pose a risk of electric shock shall be located or enclosed such that

they are not able to be contacted by the probe illustrated in Figure 8.1, with the probe articulated into any
configuration and rotated or angled to any position before, during, or after insertion into the area being

investigated.

Exception: Open type devices (see 4.40.1).
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Figure 8.1

Articulate probe with web stop
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8.2.2 An uninsulated live part considered to be a source of electric shock in a compartment that is
intended to be opened for routine maintenance or routine operation shall be located or guarded so as to
reduce the risk of inadvertent contact with such a part. Any barrier or guard provided to shield a live part
during routine maintenance or routine operation shall remain in place while applying the probe for the
purpose of this requirement.

Exception: This requirement does not apply to the lamp contacts of a lampholder or automatic starter
holder to which a lamp or automatic starter connects.

8.3 Metallic

8.3.1

enclosures

The thickness of a sheet metal enclosure shall be as indicated in Table 8.1 or Table 8.2. These

Tables are b3
center of the §

Exception No

Exception No
equivalent me

sed on a uniform deflection of the enclosure surface for any given load conc

urface regardless of metal thickness.

1: The enclosure thickness for unit equipment exit signs and lumipaires is pe
accordance With the Standard for Luminaires, UL 1598.

2: Lesser thicknesses may be used if the construction is¢shown by investigd

chanical strength.

bntrated at the

'mitted to be in

tion to provide

Minimum thickness of sheet metal for el-l-:::tt’:'iecsélclosures carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame? reinforeing? Minimum thickness
Maximum wid{h,® | Maximum length,® | Maximum width;®>’| Maximum length, Uncoated, Zinc coated,
inches (crp) inches (cm) inches (em) inches (cm) inches (mm) [ inghes (mm)
4.0 (10[2) Not limited 6.25 (15.9) Not limited 0.020°  (0.51% | 0J023¢  (0.589)
4.75 (12[1) 5.75 (14.8) 6.75 (17.1) 8.25 (21.0)
6.0 (15[2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0]029 (0.74)
7.0 (1718) 8.75 (22:2) 10.0 (25.4) 12,5 (31.8)
8.0 (20[3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0034 (0.86)
9.0 (229) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12,5 (31/8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0}045 (1.14)
14.0 (35|6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45|7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0}056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
35.0 (88.9) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Without supporting frame?®

With supporting frame or equivalent
reinforcing?

Minimum thickness

Maximum width,” | Maximum length,® | Maximum width,® | Maximum length, Uncoated, Zinc coated,
inches (cm) inches (cm) inches (cm) inches (cm) inches  (mm) | inches (mm)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)

1) A s|ngle sheet with single formed flanges (formed edges);

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has such torsional rigidity as to resist the bending

moments which i i i it i i i
reinforcing may He accomplished by designs that will produce a structure that is as rigid as one built with a frame ofjangles or
channels. Construction considered to be without supporting frame includes:

ve equivalent

2) A s|ngle sheet which is corrugated or ribbed; and
3) An enclosure surface loosely attached to a frame, for example, with spring clips.
b The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclesuré. Adjacent surfaces of an
enclosure may h@ve supports in common and be made of a single sheet.
¢ For panels not qupported along one side (for example, side panels of boxes), the length of the unsupported side shall be limited to
the dimensions specified.
d At point of connlection for wiring systems, minimum 0.026 inch (0.66 mm) for unedated and minimum 0.029 inch (4.74 mm) for
zinc coated.
Table 8.2
Minimum thickness of sheet metal for electric enclosures aluminum, copper, or|brass
With supporting frame or equivalent
Withgut supporting frame? reinforcing®
Maximum widith,? Maximum length,® Maximum width,” Maximum length, Minimpm thickness,
inches cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58%)
35 8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74%)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (116.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (203) Not imited T9.0 @83) Not limited 0.04 (1.14)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)

Table 8.2 Continued on Next Page
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Table 8.2 Continued
With supporting frame or equivalent
Without supporting frame? reinforcing?
Maximum width,” Maximum length,® Maximum width,” Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has such torsional rigidity as to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure that is as rigid as one built with a frame of angles or

channels. Cons

®The width is th
enclosure may

¢ For panels nof
to the dimensio

4 At point of con

ruction considered 1o be without supporting frame ncludes:
A single sheet with single formed flanges (formed edges);
A single sheet which is corrugated or ribbed; and

IAn enclosure surface loosely attached to a frame, for example, with spring clips.

b smaller dimension of a rectangular sheet metal piece that is part of an enclosure:"Adjacent surfa
have supports in common and be made of a single sheet.

supported along one side (for example, side panels of boxes), the length ‘ef the unsupported side
hs specified.

hection for wiring systems, minimum 0.036 inch (0.91 mm).

es of an

shall be limited

8.3.2 Theth

Exception: Cé
the shape, siZ

ckness of a cast metal enclosure shall be as indicated in Table 8.3.

st metal of lesser thickness may be used.if, upon investigation (consideration
e, and function of the enclosure), it is found to have equivalent mechanical str

being given to
ngth.

Table 8.3
Thickness of cast metal enclosures
Minimum thickness
Cast mdtal other than
Die-cast metal,? die-fast-type,

Use, or dimensionof area involved inch (mm) inch (mm)
Area of 24 squgre inches (155.6m?) or less having no dimension 1/16° (1.6) 1/8 (3.2)
greater than 6 ipches (152 mm)
Area greater thgn 24 sguare inches or having any dimension greater 3/32 (2.4) 1/8 (3.2)
than 6 inches
At a threaded cOomduittote 4 (64 4 (6.4)
At an unthreaded conduit hole 1/8 (3.2) 1/8 3.2)

to be encounter

area.

2 Die-cast metal may be used if, upon investigation, it is found to have such mechanical strength as to withstand conditions likely

ed in service.

® The area limitations for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs subdividing a larger

8.4 Nonmetallic enclosures

8.4.1
Polymeric Ma

terials, Section 10.

An enclosure made of a polymeric material shall comply with the requirements specified in
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8.5 Enclosure openings

8.5.1 A ventilating opening in an enclosure, including a perforated hole, louver, and an opening protected
by means of wire screening, expanded metal, or perforated cover, that has a minor dimension of less than
1 inch (25.4 mm) is acceptable if a probe as illustrated in Figure 8.1, inserted through the opening, cannot
be made to touch any uninsulated live part or film-coated wire that involves the risk of electric shock. The
probe shall be applied in all possible articulated positions before, during, and after insertion.

8.5.2 An opening of a type as described in 8.5.1 that has a minor dimension of 1 inch (25.4 mm) or larger
in an enclosure, as illustrated in Figure 8.2, is acceptable if, within the enclosure, there is no uninsulated
live part or film-coated wire less than R distance from the inside edge of the perimeter of the opening and
X distance from the plane of the opening. T equals the enclosure thickness, R equals X minus T, and X
equals 5 timeg the diameter of the largest round rod that can be inserted through the opening but no less
than 6-1/16 in¢hes (154 mm).

Figure 8.2

Opening in enclosure

ENCLOSURE OPENING

SECTION A-A

| /
\ /
N
\ ~—~—— — — —— ——
LIVE PART e

SECTION B-B

A

TRy

LIVE PART —/,i

EC100A

8.5.3 The thickness of perforated sheet steel and sheet steel used for expanded-metal mesh shall be in
accordance with the values in Table 8.4.

Exception: The thickness of expanded steel mesh may be less than specified in Table 8.4, but no less than
specified in Table 8.5, if:

a) The indentation of a guard or enclosure will not:

1) Alter the clearance between uninsulated movable live parts and grounded metal, such
that performance would be adversely affected or
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2) Reduce spacings below the minimum values given in 38.1.1 — 38.2.6; and

b) Either:

1) Exposed mesh or any one side or surface of the protected device has an area of no more
than 72 square inches (465 cm?) and has no dimensions greater than 12 inches (305 mm)

or

2) The width of a protected opening is no greater than 3-1/2 inches (89 mm).

Table 8.4
Minimum thickness of expanded metal mesh
|
Uncoated, Zinc-coLted,
Openings inch (mm) inch (mm)
Maximum 1/2 square inch (3.23 cm?) 0.042 (1.07) 0.045 (1.14)
More than 1/2 spjuare inch 0.080 (2.03) 0.084 (2.13)
NOTE - In accdrdance with 8.5.3.
Table 8.5
Minimum thickness of expanded'metal mesh
Uncoated, Zinc-coated,
ingh (mm) inch (Inm)
0.0p0 (0.51) 0.024 (0.61)

NOTE - In accdrdance with conditions given in the Exception,to 8.5.3.

8.5.4 The wjres of screen shall be no smaller than 16 AWG (1.3 mm?) if the screen opgnings are 1/2
square inch (B.23 cm?) or less in ared, and shall be no smaller than 12 AWG (3.3 mm?) fof larger screen

openings.

8.5.5 An en¢losure housinga;fuse or any other overload protective device and provided with a ventilating
opening shalljafford protection against the emission of flame or molten metal.

8.5.6 An enclosure\of an electrical part that presents a risk of fire shall not have unysed openings
through which molten or burning particles could pass directly to the floor or to the mounting surface. This
may be accomplished by the use of a barrier or baffle that is resistant to combustion. An opening for

battery compartment ventilation, It provided, shall be ocated so that it will not vent into concealed spaces
of a building structure when the equipment is installed as intended.

Exception No. 1: Surface mounted emergency luminaires, unit equipment, and exit signs that comply with
the enclosure opening requirements for surface mounted luminaires in the Standard for Luminaires, UL

1598, are permitted.

Exception No. 2: An enclosure that can only be mounted directly over an outlet box may have unused
opening(s) facing the mounting surface, when all such openings fall within the 2-inch (60.8 mm) wide by 3
inches (76.2 mm) high, cross-sectional area of the smallest standard, single, gang-box pattern.

8.6 Enclosure covers

8.6.1

An enclosure cover shall be hinged if:
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a) It gives access to a fuse or any other overload protective device the intended functioning of
which requires renewal or resetting or

b) It is necessary to open the cover in connection with the routine operation or routine maintenance
of the unit.

Exception: A cover, panel, door, or other part of the enclosure that, by its function or size, obviously must
be in place to complete the overall enclosure need not be hinged.

8.6.2 A hinged cover shall be provided with a positive means for latching, such as a spring latch, a
magnetic latch, a dimple, or any other mechanical arrangement that will hold the cover in place and that
would require some effort on the user's part to open. Gravity alone is not considered to be a positive
means for holding the cover in place.

9 Environmental Rating

9.1 An enclosure shall not be marked with a type designation unless it has been determined to comply
with the requifements applicable to that designation(s) as specified in the\Standard for Bnclosures for
Electrical Equipment, UL 50.

9.2 An enclgsure shall not be marked "raintight," "rainproof," "watertight," or with other|similar terms
suggesting sultability for specific environmental conditions, unless the enclosure has been fetermined to
comply with the requirements applicable to the corresponding type designation(s) spgcified in the
Standard for Hnclosures for Electrical Equipment, UL 50.

9.3 The inteprity of an enclosure marked with a type designation shall not be compromised by the
introduction of openings or by the penetration of tinevaluated fittings or component parts through the
enclosure wall. Only fittings or component parts*that have been evaluated and marked with a type
designation equal to or better than that of the.enclosure shall be used and installed in accordance with the
part manufacturer's instructions. The enclosure type designation shall be removed|in all other
circumstanceq unless the completed assembly is reevaluated and found to comply with the applicable
requirements in the Standard for Enclosures for Electrical Equipment, UL 50.

9.4 Equipment intended for Useg in damp or wet locations shall be evaluated for compliance with
Supplements $B or SC, as applicable.

10 Polymeric Materials

10.1 Gener1l

10.1.1 Polymeric materials used for the purposes covered by 10.2 — 10.6 shall comply with the
applicable requirements of this section. When a material is used for more than one purpose, compliance
with all relevant properties is required. Materials that have not been identified as conforming to any
required performance characteristic shall comply with the applicable alternative evaluation program of the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

10.1.2 When there are any uninsulated live parts that represent a risk of fire located within 0.032 inches
(0.8 mm) of a polymeric material covered by this section, the material shall additionally have hot-wire
ignition (HWI) and high-current arc resistance to ignition (HAI) ratings of 3 or less.

10.1.3 When there are any arcing parts, such as unenclosed switch contacts, located within 0.5 inches
(13 mm) of a polymeric material covered by this section, the material shall additionally have a hot-wire
ignition (HWI) rating of 3 or less.
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10.2 Enclosures

10.2.1
shall:

A polymeric enclosure that serves to contain a risk of fire or limit access to a risk of electric shock

a) Have a minimum 5VA flammability rating for fixed or stationary equipment, or minimum V-2
rating for portable auxiliary equipment;

b) Have a mechanical or generic temperature index equal to or greater than the maximum
temperature measured on the part during the normal temperature test;

c) Comply with the Resistance to Impact requirements of the Standard for Polymeric Materials —

Use i

Electrical Equipment Evaluations, Ul 746C.Equipment marked for use in a

bients of 0°C

(32°F)
ambie

or below are subject to the cold conditioning prior to impact at 5°C belowth
ht temperature. Equipment marked for use in ambients no less than 5°€ are

cold conditioning prior to impact at their lowest rated ambient temperature;

d) Co
constr|

e) Corn
(outdo

10.2.2 Snap
are able to be

10.2.3 Ane
circular open
Connection T¢

10.24 An e
comply with t
and Covers, |

10.2.5 Whe

mply with the Mold Stress-Relief Distortion requirements of UL 746C wh
icted of formed thermoplastic;

hply with the UV Light Exposure requirements of UL 746C,when the product
por) wet locations or contains internal fluorescent light sQurces.

-fit parts are permitted to become dislodged as a.result of the impact test of 1|
properly reattached to the product without theluse of tools.

nclosure intended for connection to rigidimetallic conduit (such as products

psts of the Standard for Enclosures_forElectric Equipment, UL 50.

he applicable requirements\in Standard for Nonmetallic Outlet Boxes, Flush-
L 514C.

N an enclosure is provided with knockouts but has not been evaluated in ag

both 10.2.3 and 10.2.4, appropriate information shall be provided in the installation i

described in 7

6.5.

10.3 Mechanical support

10.3.1 Apo

e marked low
subject to the

en molded or

s intended for

0.2.1(c) if they

provided with

ings or knockouts) shall comply with®the Polymeric Enclosure Rigid Metallic Conduit

hclosure intended for use with rigid non-metallic conduit — cemented or thfeaded — shall

Device Boxes,

cordance with
hstructions as

risk of fire or

J/mnrir‘ In:urt used to QIIQIhQnd another pqrt the failure of which would result in

electric shock, shall have a mechanical or generic temperature index equal to or greater than the
maximum temperature measured on the part during the normal temperature test.

10.3.2 A polymeric part used to suspend another part that weighs more than 2 Ibs (0.9 kg) shall comply
with the Mechanical Support Static Load Test, Section 69.

10.4 Barriers

10.4.1

A polymeric material used as a barrier shall:

a) Have a mechanical or generic temperature index equal to or greater than the maximum
temperature measured on the part during the normal temperature test;
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b) Comply with the Mold Stress-Relief Distortion requirements of the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, UL 746C when molded or constructed of

formed

thermoplastic; and

c) Comply with the Barrier Strength Test, Section 70.

10.5 Grounding or bonding means

10.5.1

A polymeric material that affects the integrity of a grounding or bonding means shall:

a) Have a mechanical or generic temperature index equal to or greater than the maximum
temperature measured on the part during the normal temperature test; and

b) Cor
Materig

nply with the Mold Stress-Relief Distortion requirements of the Standafd
Is — Use in Electrical Equipment Evaluations, UL 746C followed (by th

Contingiity Test of Section 63 when molded or constructed of formed thermoplastic.

10.6 Structu

10.6.1 A poly
the performan

a) Hay
temper

b) Cor
Materig
formed

c) Be
complyf

11  Mounting

11.1  Equipm

ral support

meric material that is relied upon for providing structural stipport related to co
Ce requirements of this Standard shall:

ature measured on the part during the normal temperature test;

nply with the Mold Stress-Relief Distortion“requirements of the Standard
Is — Use in Electrical Equipment Evaluations, UL 746C when molded or g
thermoplastic; and

subjected to the Resistance toyjlmpact test of UL 746C. Results shall b
ing if the relevant performance féature of the end-product is not significantly inj

Means

ent that weighs I€ssthan 100 Ibs (45 kg), and not intended to be placed at gra

a rack (or shglf), shall be provided with mounting means that requires the use of tools

Keyhole slots
accessible for

or mounting-screws comply if there is at least one round hole sized or all screv
tighteningduring installation.

11.2 Wall or

ceiling-mounted equipment (surface or recessed) that weighs more than 50

for Polymeric
e Grounding

mpliance with

e a mechanical or generic temperature index equal to or greater than fhe maximum

for Polymeric
onstructed of

e considered
paired.

de level or on
or relocation.
vheads will be

Ibs (22.5 kg)

shall be provigled/with special mounting hardware and comply with the Mounting Means T

pst of Section

70A.
12 Corrosio

12.1

n Resistance

Iron and steel parts shall be made resistant to corrosion by enameling, galvanizing, sherardizing,

plating, or equivalent means. This requirement applies to all enclosure cases whether of sheet steel or
cast iron, and to all springs and other parts upon which intended mechanical operation may depend.
Bearing surfaces should be of such materials and design as to inhibit binding due to corrosion.

Exception: The following need not be made corrosion-resistant:

a) A bearing, and the like, where such protection is impracticable;
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b) A minor part (such as a washer, a screw, a bolt, and the like) if the malfunction of such an
unprotected part would not be likely to result in a risk of fire, electric shock, injury to persons, or
result in adverse operation of the equipment; and

¢) A part made of stainless steel (polished or treated if necessary).

12.2 The interior of a storage battery compartment shall be protected so that it will not be adversely
affected by contact with the electrolyte.

Exception: A compartment for a sealed battery need not be so protected.

13

Insulation Material

13.1

An uninpsulated live part shall be mounted on material of porcelain or phenolic compo
equivalent ingulation material.

13.2 Vulcan|zed fiber used as an insulation bushing, washer, separator, or bdrriet, shall no
the sole mechanical support for an uninsulated live part if shrinkage, current leakage, or
degrade its mechanical support or insulating capabilities.

13.3 A countersunk live part shall be covered to a depth of notiess than 1/8 inch (3

waterproof i

maximum int
The softening
Point by Ring

14 Mountin

14.1  All part
movement m
electric shock]

14.2 Adhesi
Materials — U
of fire or elec
The initial (ag
operation (foy
of specimens

g of Parts

ulation compound that will not soften at a temperature 15°C (27°F) hi
nded operating temperature of the assembly, and not less than 90°C (194°R
point of the compound shall be determined*by the Standard Test Methods
and-Ball Apparatus, ASTM E28.

s of equipment shall be mounted:in position and prevented from loosening or

sition, or on an

t also serve as
arpage would

2 mm) with a
gher than the
) in any case.
for Softening

urning, if such

by interfere with the intended;performance of the equipment, or may result in a risk of fire,

or injury to persons.

ve-secured parts_shall be investigated for compliance with the Standard
be in Electrical Equipment Evaluations, UL 746C if loosening of the part(s) cou
ric shock, oryresult in the equipment being unable to function as required by
received)-adhesive strength shall be four times the force applied to the part
r timesthée weight of the part if only subjected to gravitational forces). The “re
program of UL 746C shall be considered for this evaluation.

for Polymeric
d cause a risk
this Standard.
during normal
duced number

park _aothar than o ~Aracc actor-ac-ecoviara n 27
J

14.3 An uni

payuil ad o HEA A\AEA SN H
ISOUTAtCU— Ve —part, OtnCi_uar o prosSSurc— wint o COmCOtoUT oS COVOeTOU— T

' 1.7, shall be

secured to its supporting surface so that it will be prevented from turning or shifting in position if such
movement may result in a reduction of spacings to less than those indicated in Table 37.1. The security of
contact assemblies shall be such as to provide continued alignment of contacts.

14.4 The means for preventing the turning, loosening, or shifting of a part, as required in 14.1 and 14.3,
shall consist of more than friction between surfaces — for example, a lock washer, correctly applied, is
considered an equivalent means for preventing the turning of a small stem-mounted switch or other device
having a single-hole mounting means.

145 Lampheads that are subject to pulling or torsional forces during unpacking, installation,
maintenance, or service shall comply with the Swivel Torsion and Pull Test, Section 65.
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15 Operating Mechanisms

15.1 A part of an operating mechanism shall be constructed of material that has the mechanical strength
to withstand the stresses of intended use.

15.2 The assembly of an operating mechanism shall be such that it will not be adversely affected by any
condition of intended operation.

15.3 A moving part (lamphead swivel, hinge, and the like) shall have sufficient play at bearing surfaces to
restrict binding.

15.4 Provisign shall be made so that an adjusting screw or similar adjustable part will not loosen under
the conditions|of intended use.

15.5 An eled d mechanical

performance U

tromagnetic device shall be designed so as to provide positive electrical an
nder all conditions of intended operation.

16 Current-Carrying Parts

16.1 A curre the intended

service.

nt-carrying part shall have sufficient mechanical strehgth and ampacity for

16.2 A bearipg, hinge, or the like shall not be used for carrying current between fixed and moving parts.

17 Installatipn — Wiring Connections

17.1 General

| 1711 Emer
Exception No.

Exception No.
installation ing
authorized pe

pency lighting equipment shall-be provided with either lead wires or wiring ternj
1: See 18.1.3.
2: Equipment stipplied by communication cables with RJ45 fittings (i.e., Po

tructions declare it to be installed where access to the supply connection i
rsonnel is-permitted to use appropriately configured ports to serve as the

inals.

E) and whose
5 restricted to
b supply wire

terminals.

| 17.12 Delet

D

d

17.1.3 Equipment shall have provision for the connection of one of the wiring systems required for the
equipment. Field drilling of the enclosure for connection of a raceway is permitted if the instructions
specifically identify an area suitable for drilling.

17.1.4 Field wiring connections for emergency circuits shall be physically separated, either by location or
by barriers, from connections for normal power circuits. If no barrier is provided, separation shall be
minimum 1/2 inch (12.7 mm). If a barrier is relied upon, it shall be of metal or a polymeric material that
complies with 10.4.

I 17.2 Wiring terminals

17.2.1  Wiring terminals shall provide a secure connection and be prevented from turning. Soldering lugs
or solderless (pressure) wire connectors shall be used for larger than 10 AWG (5.3 mm?) wire. Smaller
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wires are permitted to use a clamp or a binding screw with a terminal plate having upturned lugs, or the
equivalent.

17.2.2 Supply wiring terminals shall be sized to accommodate 60°C (140°F) rated wire, corresponding to
the amperage ratings of the equipment. Wiring terminals intended for the connection of remote loads,
other than class 2, shall be marked to indicate the required wire size or be sized to accommodate at least
one size larger than required for the amperage.

17.2.3 A wire-binding screw to which field-wiring connections are made shall be no smaller than no. 6
(3.5 mm major diameter) for 14 AWG (2.1 mm?) or smaller wire, and no smaller than No. 8 (4.2 mm major
diameter) for larger than 14 AWG wire.

D50 inch (1.27

17.2.4 A terminal plate tapped for a wire-binding screw shall be of metal no less than/0.

mm) thick ang

shall have no fewer than two full threads in the metal.

Exception: A terminal plate less than 0.050 but no less than 0.030 inch (0.76 mmy) thick may be used if the
tapped threads are determined to have equivalent mechanical strength.

17.2.5 A terminal plate formed from stock having the minimum requited-thickness, as gjven in 17.2.4,
may have th¢ metal extruded at the tapped hole for the wire-binding’screw so as to pfovide two full
threads.

17.2.6 A wirg-binding screw shall thread into metal.

17.3 Field-wiring leads

17.3.1 Fieldtwiring leads provided for splice conngc¢tions shall be:
a) No less than 6 inches (152 mm) freeength,
b) No $maller than 18 AWG (0.82.mm?), and
c) Ratgd for the current, véltage, temperature, and conditions of use (dry, damp, or|wet locations)
to whi¢h they will be subjected.
17.3.2 Deleted
17.4 Polarity identification
17.4.1 A field-w e of, or plated

with, a metal white in color. Such a terminal shall be dlstlngwshable from the other terminals, or
identification of that terminal shall be shown in some other manner, such as on a wiring diagram adjacent
to the terminal.

17.4.2 The surface of a lead intended for field connection of a grounded power supply conductor shall be
white or gray, and that lead shall be distinguishable from the other leads.

17.4.3 The color-coding requirement in 17.4.2 does not apply to internal wiring that is not visible in a
wiring compartment in which field connections are to be made.

17.4.4 In equipment having a rating more than 51 volts and intended to be connected to a grounded
supply circuit, and using a lampholder of the Edison screw-shell type, or a single-pole switch or
overcurrent protective device other than an automatic control, one terminal or lead shall have identification
for the connection of the grounded conductor of the supply circuit. That terminal or lead shall be the one
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that is connected to screw shells of lampholders and not to any switch or overcurrent protective device of
the single-pole type.

17.4.5 With regard to the requirement in 17.4.4, an automatic control is considered to be a device having
automatic resetting contacts that are normally closed and having no means for manual control.

17.5 Termination of wiring systems
17.5.1 Deleted

17.6 Knockouts

17.6.1 The requirements specified in 17.6.2 — 17.6.6 apply to knockouts intended for fiéld,jconnection of
a wiring systemn in accordance with the National Electrical Code, ANSI/NFPA 70.

17.6.2 A kngckout in a metal enclosure shall be secured in place, but shall be femovable jn accordance
with the manufacturer's instructions without deformation of the enclosure that would result|in damage to
electrical components or reduction in electrical spacings.

17.6.3 A kndckout in a metal or polymeric enclosure shall remain i) place when tested a$ described in
the Security off Knockout Test, Section 64.

17.6.4 The diameter of a knockout shall be as specified inTable 17.1 for the trade size conduit or cable
fitting intendeq to be used.

17.6.5 A kndckout shall be provided with a flat aréa surrounding the opening for seating of a conduit
bushing and bk located so that installation of a bushing at any knockout likely to be used during installation
will not result jn spacings between uninsulated-live parts and the bushing of less than thoge required by
this standard.

17.6.6 In mepsuring a spacing between an uninsulated live part and a bushing installed in|a knockout, it
is to be assumed that a bushing having the dimensions indicated in Table 17.1 is in place, [n conjunction
with a single Iqcknut installed on-the outside of the enclosure.

Table 17.1
Knockout or hole sizes and dimensions of bushings

Trade size df.conduit Bushing dimensions
Nominal Outside

size, diameter, Knockout or hole diameter, Overall diameter, Height,
inches (mm) inches (mm) inches (mm) inches (mm)
12 (21.3) 7/8 (22.2) 1 (25.4) 3/8 (9.5)
3/4 (26.7) 1-3/32 (27.8) 1-15/64 (31.4) 27/64 (10.7)
1 (33.4) 1-23/64 (34.5) 1-19/32 (40.5) 33/64 (13.1)
1-1/4 (2.2) 1-23/32 (43.7) 1-15/16 (49.2) 9/16 (14.3)
1-1/2 (48.3) 1-31/32 (50.0) 2-13/64 (56.0) 19/32 (15.1)
2 (60.3) 2-15/32 (62.7) 2-45/64 (68.7) 5/8 (15.9)
2-1/2 (73.0) 3 (76.2) 3-7/32 (81.8) 3/4 (19.1)

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Trade size of conduit Bushing dimensions
Nominal Outside
size, diameter, Knockout or hole diameter, Overall diameter, Height,
inches (mm) inches (mm) inches (mm) inches (mm)
3 (88.9) 3-5/8 (92.1) 3-7/8 (98.4) 13/16 (20.6)
3-1/2 (101.6) 4-1/8 (104.8) 4-7/16 (112.7) 15/16 (23.8)
4 (114.3) 4-5/8 (117.5) 4-31/32 (126.2) 1 (25.4)
4-1/2 (127.0) 5-1/8 (130.2) 5-35/64 (140.9) 1-1/16 (27.0)
5 (141.3) 5-5/8 (142.9) 6-7/32 (158.0) 1-3/16 (30.2)
6 (168.3) 6-3/4 (171.5) 7-7/32 (183.4) 1-1/4 (31.8)
18 Cord-Cgnnected Unit Equipment and Luminaires
18.1 General
18.1.1 Flexible cord for connection to the supply circuit is permitted on emergency lighting unit

equipment ha

in accordanceg with the requirements in 18.1.1 — 18.8.6 and applicable requirements els

| standard. Seq

18.1.2 Flexi
equipment.

18.1.3 Flexi
luminaires wh
accordance W

18.2 Flexible cord

18.2.1 Flexi
20.1, shall be
shall be no Ig|
cord enters th

Exception: AN

ving integral lampheads only, rated at no more than A8&@mperes, 277 volts, a

74.8.

ple cord for connection to the supply ciretit is permitted on auxiliary lighti

ble cord for connection to the supply circuit is permitted on pendant, high
ere the intended application is:'specifically identified as a permitted use of f
ith Subsections 400.10 and 410.62 of the National Electrical Code, NFPA 70-2

ble cord shall be‘one of the types specified in Table 18.1 and, if grounding i
a 3-conductar grounding cord terminating in an attachment plug. The cord for
hger than,36:inches (914 mm) measured from the face of the plug to the poi
e unit.

attachment plug is permitted but not required for pendant and high bay luming

hd constructed
bwhere in this

ng and power

bay, or other
lexible cord in
020.

S required per
LIinit equipment
nt at which the

ires.

Table 18.1
Cord types
SPT-3%, SP-3%, SPE-3? SJT SO
SJ SJTO SO0
SJE SJTOO ST
SJO S STO
SJOO SE STOO

@ These cords a

re for use only with permanently mounted equipment.

18.2.2 The cord shall have an ampacity no less than the current rating of the equipment.
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18.3 Alternative connection

18.3.1 If it is intended that the power supply cord can be removed from the unit and permanent
connection made to the supply circuit, the compartment in which the connections of the cord are made
shall be constructed in accordance with 18.3.2 - 18.3.4.

18.3.2 The cord shall enter the wiring compartment through a 7/8 inch (22.2 mm) diameter hole that,
after the cord and any bushing or fitting provided have been removed, provides an opening for the
attachment of the intended wiring system.

18.3.3 The power supply cord shall be connected to the internal wiring by a device such as a terminal
block, terminal leads, pressure cable connector, or the like, that will accommodate permanent wiring of the
correct size fof the unit.

18.3.4 Theirn
in accordance

ternal wiring terminals and leads for connection to the power supply shall'have identification
with 17.4.1, 17.4.2, 20.3, and 20.9.

18.4 Attachment plug

18.4.1 The nfating of the attachment plug shall be at least equiyvalent to the electrical|rating of the

equipment. If
connections,
intended to be

the equipment is adaptable for use at different ¥oltages by field alterati
he attachment plug provided shall be rated for\the voltage to which the
connected when shipped from the factory, and the equipment shall be marke

If required to e of the grounding type per 18.2.1, the attachment plug shall be of the 3-bla

type. The atta

18.5 Ground

thment plug is permitted to be of the locking-type.

ing

18.5.1 Thei

sulation of one of the conductors of the flexible cord shall be green in color v

one or more yellow stripes. The attachment-plug grounding pin shall be connected to one en
grounding comnductor, and the unit end of the grounding conductor shall terminate in

conductive co

nection to all accessible, dead-metal parts of the unit.

18.6 Strain gelief

18.6.1 Strain
terminals, spl
considered a s

relief shall-be provided such that a stress on a flexible cord will not be
ces, orlinternal wiring in the unit or in the attachment plug. A knot in th
train relief means.

bn of internal
equipment is
i per 73A.3.6.
e, grounding

vith or without
i of this green
an effective

ransmitted to
e cord is not

18.6.2 A me
cord, unless it

al strain relief clamp or band without auxiliary protection is acceptable with a
is determined that the clamp or band may damage the cord insulation.

power supply

18.6.3 The strain relief means shall be tested in accordance with the Strain Relief Test, Section 59.

18.7 Push-in prevention

18.7.1

cord entry hole if such displacement is likely to:

a) Damage the cord;

b) Expose it to a temperature in excess of that for which it is rated;

Means shall be provided to prevent the flexible cord from being pushed into the unit through the
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c) Reduce spacings (such as from a live part to a metal strain relief clamp) below the minimum

accept

able values; or

d) Damage or interfere with internal components.

18.8 Bushings

18.8.1

At a point where a flexible cord passes through an opening in a wall, barrier, or enclosure, a

bushing or the equivalent shall be secured in place, and shall be provided with a smooth, rounded surface

against which

the cord may bear.

18.8.2
nonconductiv
18.8.3 Cera

but separate bushings of wood or hot-molded tar and shellac compositions are not|

18.8.4 Vulca
so formed arf
including exp

18.8.5 Abu
built-up sectig
hole in the en

18.8.6 Anin
insulating ma
grommet and

19 Internal

19.1 Wires

19.1.1
with the temp

19.1.2 With
material are 4

ferial is no less than 1/32 inch (0.8 gnm) thick and completely fills the spac

Intermal wiring shall consist of general use wire or appliance wiring material rated

b material, a smooth, rounded surface is considered to be the equivalent of a\b)

mic material and some molded compositions are generally effective for) insula

d secured in place that it will not be adversely affected by conditions of
bsure to moisture.

bhing of the same material as the cord and moldedintegrally with it can be use
n is no less than 1/16 inch (1.6 mm) thick at the.point where the cord pass
Closure.

sulated metal grommet may be considered equivalent to an insulating bushing

the metal in which it is mounted.

Wiring

brature, voltage, and other conditions of service to which the wiring is likely to b

regard(to 'the requirements in 19.1.1, some commonly used types of ap
s indicated in Table 19.1.

If the cord entry hole is in a material of wood, porcelain, phenolic composition, or other

ushing.

ting bushings,

nized fiber may be used if the bushing is no less than 0.047 inch (1.19 mm) thick and if it is

intended use,

d provided the
bs through the

J, provided the
b between the

in accordance
e subjected.

pliance wiring

Table 19.1
Appliance wiring material

Types of insulation

Nominal thickness of insulation?

600-volt applications, inch (mm) 300-volt applications, i

nch (mm)

Thermoplastic

Rubber

Neoprene

0.030 (0.76) 0.015 (0.38)

0.015 (0.38) plus an impregna
or 0.030 (0.76) without a

0.030 (0.76) plus an impregnated-braid cover

0.045 (1.14) 0.015 (0.38) plus an impregna

or 0.030 (0.76) without a

ted-braid cover,
braid cover

ted-braid cover,
braid cover

Table 19.1 Continued on Next Page
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Table 19.1 Continued

Nominal thickness of insulation®

Types of insulation 600-volt applications, inch (mm)

300-volt applications, inch (mm)

Silicone rubber 0.030 (0.76) plus an impregnated-braid cover,

or 0.030 (0.76) without a braid cover®

0.015 (0.38) plus an impregnat
or 0.030 (0.76) without a bl

ed-braid cover,
raid cover®

0.013 inch (0.33 mm) for 0.015 inch (0.038 mm) thick nominal insulation.

wiring and while in operation, unless material demonstrates resistance to mechanical damage.

& The minimum thickness is 0.027 inch (0.69 mm) for 0.030 inch (0.76 mm) nominal thick insulation; the minimum thickness is

b Only if routed away from live parts of opposite polarity and protected from mechanical damage both during installation of field

t potentials of
ch (0.38 mm)

to permit full

adjustment of the lamphead without applying stress to the leads or connections.“The leads nyay be flexible

cord, such as [Type SP-2, SPE-2, or SPT-2, when protected (closely routed«te_lamp head su
of the cord typgs indicated in Table 18.1, when not closely routed.

19.1.5 Leadg connected to parts mounted on a hinged cover shallbe of stranded wire an
length to permit the full opening of the cover without applying ‘stréss to the leads or their
These leads may be Type SP-2, SPE-2, or SPT-2 cord or appliabce wiring material.

19.1.6 Overtjnned stranded wire may be used for thepurposes described in 19.1.4 or 19|
wire complies|with the Overtinned Wire Flexibility Test, Section 61. A tin coating shall additi
with ASTM 3-91, Standard Specification for- Tinhed Soft or Annealed Copper Wire

pport), or one

d of sufficient
connections.

11.5 when the
pnally comply
for Electrical

Purposes, and a tin/lead coating shall comply ‘with ASTM B189-90, Standard Specificafion for Lead-

Coated and Lg¢ad-Alloy Coated Soft Copper Wire for Electrical Purposes.

19.1.7 A bare conductor, including pigtails and coil leads of automatic, load-control re

under any congditions gf'service.

19.2 Wirewdys

ays, shall be
is covered by

j tubing, shall
be subjected

19.2.1 A wiring space or compartment intended to enclose wires shall be free of any sha
fin, moving part, or the like that may abrade the insulation on conductors or otherwise damag

rp edge, burr,
e wires.

19.2.2 A hole in a sheet-metal wall 0.042 inch (1.1 mm) thick or less, through which insulated wiring
passes, and on the edges of which it may bear, shall be provided with a smoothly rounded bushing. A hole
in a wall thicker than 0.042 inch shall have smooth, well-rounded edges.

19.2.3 With respect to the requirement in 19.2.2, a bushing of a vulcanized fiber, neoprene, or equivalent
material can be used.
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19.3 Electrical connections

19.3.1 An electrical connection shall be soldered, welded, or otherwise effectively connected. A soldered
joint shall be mechanically secure before soldering.

19.3.2 Alead is considered to be mechanically secure when one or more of the following is provided:
a) At least one full wrap around a terminal.
b) At least one right angle bend when passed through an eyelet or opening.

c¢) Twisting with other conductors.

19.3.3 A plug and connector may be used with internal wiring if:

a) Thg plug and connector are rated for the maximum voltage and temperature invplved, and the
constrction complies with the requirements of this standard with regard‘to insulating materials,
currenf-carrying parts, and spacings;

b) Thg contacts do not attain a maximum temperature in excess of’'the temperature rating of the
insulafing material involved,;

c) Thq connector complies with the test requirements forcurrent rupturing (discorjnection under
load) |in accordance with the Overload Tests in «the* Standard for Attachmept Plugs and
Receptacles, UL 498, if the connection is likely to betbroken under load; and

d) No Jive parts that are a potential risk of electtic'shock as described in 8.2.1, are £xposed when
the male and female parts are connected or disconnected as determined with the priobe described
in 19.3.4 applied externally to the plug and-¢onnector openings.

Exception: THe Overload Tests specified in_(c)-are not required for connectors rupturing a current less than
10 A, if the oplen circuit potential between @ny two adjacent pins or any pin and ground is 15|V or less.

19.3.4 The probe mentioned in 19.3.3(d) is to be in the form of a cylinder having a radiug of 0.205 inch
(5.21 mm). The end of the probewhich is used to determine the accessibility of live parts is|to be rounded
into a hemisphere with a radigs,of 0.205 inch (5.21 mm).

19.3.5 A stranded conductor clamped under a wire-binding screw or similar part shall have the individual
strands soldefed together or the equivalent to provide an effective connection.

19.3.6 A spljce_shall be provided with insulation equivalent to that of the wires involved.

19.3.7 An aluminum conductor, insulated or uninsulated, used as internal wiring, such as for
interconnection between current-carrying parts or as motor windings, shall be terminated at each end by a
method that is effective for the combination of metals involved at the connection point.

19.3.8 If a wire-binding screw construction or a pressure-wire connector is used as a terminating device,
it shall be investigated for use with aluminum under the conditions likely to be encountered in service (for
example, temperature, heat cycling, or vibration).

19.4 Separation of circuits

19.4.1 Internal wiring of circuits that operate at different potentials shall be separated by barriers or shall
be segregated unless the conductors of the circuits of lower voltage are provided with insulation rated for
the higher voltage of the combination.
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19.4.2 Segregation of insulated conductors may be accomplished by clamping, routing, or equivalent
means that provides permanent separation.

19.4.3 A barrier used to separate circuits operating at different potentials shall be secured in place and
shall be of metal no less than 0.026 inch (0.66 mm) thick or of an insulation material no less than 0.028
inch (0.71 mm) thick. The barrier shall be of greater thickness if necessary as determined by an
investigation.

19.4.4 Deleted

19.5 Conductor secureness

19.5.1 Intern
standard, and
compliance wi

Exception: A g
secureness ne

19.5.2 Aning
intended and s

20 Grounding

20.1 Equipm
contact during
the building gr

Exception: WH
service, marki
grounding.

20.2 The foll

a) Equ
equiva

73A.3.0.

b) Equ

is subject to handling during installation or routine maintenance shall, be
th the Conductor Secureness Test, Section 60.

omponent with an integral wiring connection that has already been evaluated|
ed not be re-evaluated.

ulating bushing incorporating strain relief shall be sized for'the type conductor
hall be mounted in a hole of the size and shape for which it is intended.

ent with dead metal conductive parts that.ean become energized and that are
normal operation or routine maintenanee or service shall have provisions for
punding system.

ere the dead metal conductive parts that can become energized are accessib
ng the cover to be removed(in accordance with 73A.4.9 is permitted in lieu of

bwing constitute effective means for grounding of equipment:

pment intendedto be connected only by a metal-enclosed wiring system —

ent opening\in the metal enclosure. Such equipment shall be marked in ac
D

ipment capable of being connected by a nonmetal-enclosed wiring system

nonme

al wiring that involves a risk of electric shock, fire, or required performalance per this

evaluated for

for conductor

for which it is

accessible to

connection to

le only during
provisions for

8 knockout or
cordance with

(for example,

allic-sheathed cable) — an equipment grounding terminal or lead for ea

th equipment

ground

ing conductor of the system.

20.3 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have a
green-colored head that is hexagonal, slotted, or both. A pressure-wire connector intended for connection
of such a conductor shall have identification such as by being marked "G," "GR," "GND," "Ground,"
"Grounding," or the like, or by an equivalent marking on a wiring diagram provided on the equipment.

20.4 An equipment-grounding terminal or lead-grounding point shall be connected to the frame or
enclosure by a positive means, such as by a bolted or screwed connection.

20.5 An equipment-grounding connection shall penetrate a nonconductive coating, such as paint or
vitreous enamel.
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20.6 An equipment-grounding point shall be located so that the grounding means is not likely to be
inadvertently removed during servicing.

20.7 An equipment-grounding connection, equipment-grounding conductor, enclosure, frame,
component mounting panel, or any other part connected to earth ground shall not carry current except
during an electrical malfunction.

Exception No. 1: A low-voltage, limited-energy circuit as described in Determination of Low-Voltage
Limited-Energy Circuit Status, Section 50, may be connected to a single-point reference ground. Current is
not to be carried through the field-equipment-grounding connection, metallic raceway, other grounding
means, or an earth ground.

Exception No hal circuit or a

transient-surg

. 2: A line-bypass, capacitive, impedance circuit for a radio frequency sigi
e protective device need not comply with this requirement.

Exception No wer lines need
not comply wi

3: A transient voltage surge suppressor used to limit transient voltages on po
th this requirement.

20.8 A groJ
conductor in 8

nded circuit conductor shall not be connected to any equipment-grounding or bonding
unit.

20.9 Thesu
shall be greer

2010 A ter
securing a co

20.11 A soldg
shall not be u

Exception: A

a) The

rface of an insulated lead intended for field connection of an equipment groun
with or without one or more yellow stripes, and 10 other lead shall have this id

minal for connection of an equipment-gfounding conductor (input) shall |
nductor of a size no less than required in\17.1.1.

ering lug, a push-in (screwless) connector, or a quick-connect or similar frictio
bed for the grounding terminal,

b/ug and connector may be used in a grounding or bonding conductor if:

circuit and grounding*connections are made by mating one plug and connec

groundling connection-is_hot to be made through a connector separate from that

conne

b) The
upon [

Ctions; and

grounding connection is made no later and broken no sooner than the circu
lugging.and unplugging of the plug and connector.

ing conductor
entification.

be capable of

n-fit connector

for; that is, the
for the circuit

it connections

20.12 Small

isolated (ian |Iqh:d) dead-metal pnrfq are not rpqnirnd tobhe grol inded

20.13 A secondary circuit shall be isolated from ground unless it can be shown that neither a risk of fire
nor electric shock will result if that circuit is grounded.

21

211

Bonding of Internal Parts

In a unit having provisions for grounding, all uninsulated metal parts of the enclosure, component

mounting brackets, capacitors, and other electrical components likely to become energized and that
involve a risk of electric shock shall be bonded for grounding if they can be contacted by persons or
inadvertently contacted by service personnel.

Exception: A metal part as described in (a) — (f) need not be bonded for grounding:
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a) An adhesive-attached metal foil marking, a screw, a handle, or the like, that is located on the
outside of an enclosure or cabinet and isolated from electrical components or wiring by grounded
metal parts so that they are not likely to become energized.

b) An isolated metal part, such as a small assembly screw, that is positively separated from wiring
and uninsulated live parts.

¢) A panel or cover that does not enclose uninsulated live parts if wiring is positively separated from
the panel or cover so that it is not likely to become energized.

d) A panel or cover that is insulated from electrical components and wiring by an insulating barrier
of vulcanized fiber, varnished cloth, phenolic composition, or similar material no less than 1/32 inch
(0.8 mm) thick and secured in place. A barrier or liner of other materials or a lesser thickness than

specifig
Polymé

e)Ani
a heat

f) A capacitor sleeved with insulating tubing that complies with 37.3:1.

21.2 Whent
shall be subje

21.3 Regard
carrying, metg
Solid insulatig
insulation. A r
also represent
dead-metal p3

21.4 If the d
material, the n
the Standard f

215 A sepa
acceptable for
against corros|
strap shall:

bd may be used if it complies with the requirements for internal barriers in the
ric Materials — Use in Electrical Equipment Evaluations, UL 746C.

bolated metal part that is mounted on a printed-wiring board — such_as. a trans
Kink — and not exposed to contact during routine operation or maintenance.

ne effectiveness of any portion of a required bonding system is uncertain, the
ted to the Grounding Continuity Test, Section 63.

ng 21.1, dead-metal parts that are likely to hecome energized are normally
llic parts separated from any current-carrying parts by less than two layers
n rated for the voltage involved (such *as ‘insulated wiring) represents a s
tliably maintained air gap in accordanée with the required spacing for the vo
S a single layer of insulation. Exceptior air, multiple layers of insulation relied
rts from current-carrying parts shall be constructed of dissimilar materials.

ontinuity of the grounding'system relies on the dimensional integrity of &
haterial shall be acceptahblé for the purpose when investigated for creep in ac
br Polymeric Materials — Short Term Property Evaluations, UL 746A.

rate component bonding conductor shall be of copper, a copper alloy, or
use as an electrical conductor. Ferrous metal parts in the grounding path sha
on by painting, galvanizing, plating, or equivalent means. A separate bonding

Standard for

former core or

complete unit

non-current-
of insulation.
ngle layer of
tage involved
pon to isolate

non-metallic
cordance with

bther material
| be protected
conductor or

rame;

a)Bep

rotected from mechanical damage or be located within the outer enclosure or f

b) Not be secured by a removable fastener used for any purpose other than bonding for grounding,
unless the bonding conductor is unlikely to be omitted after removal and replacement of the
fastener; and

c) Not be spliced.

21.6 The bonding shall be by a positive means, such as by clamps, rivets, bolted or screwed
connections, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 455°C (851°F). The bonding connection shall penetrate nonconductive coatings, such as paint or
vitreous enamel.

21.7 A separate component-bonding conductor, including a printed-wiring board trace, shall either:

a) Not be smaller than the size specified in Table 21.1;
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b) Not be smaller than the conductor supplying the component; or

c) Comply with the requirements in the Bonding Conductor Test, Section 62.

Exception: The bonding conductor size for exit fixtures, emergency lighting fixtures, remote lamp
assemblies, exit lights, and unit equipment electric discharge lighting fixtures with integral component
power supplies shall comply with the requirements for lighting fixtures.

Table 21.1
Size of equipment grounding and bonding conductor

Maximum curfent rating,? Copper, Aluminum or copper-clad aluminum,
ampefes AWG or kemil (mm?)° AWG or kemil (mm?)°

20 12 (3.3) 10 (5.3)
60 10 (5.3) 8 (8.4)
90 8 (8.4) 6 (13.3)
104 8 (8.4) 6 (13.3)
150 6 (13.3) 4 (21.2)
200 6 (13.3) 4 (21.2)
304 4 (21.2) 2 (33.6)
400 3 (26.7) 1 (42.4)
500 2 (33.6) 1/0 (53.5)

@ Maximum ampere rating of the input circuit overcurrent protective'device in 66.2.3 or the output circuit overcurrent protective

device described in 26.1 — 26.2.

‘;(;I'::ui?:rigment grounding conductor in the cord for cord-connected unit equipment may be the same size as the[current-carrying

22 Batterie$

| 221 Batteries that serve as @n‘emergency power source shall be rechargeable and shgll comply with
this Section.

| 22.2 Batterips that afe replaceable shall include a protective housing (casing) that allows them to be
handled withqut risk-of- damage to the cells contained within.

22.2.1 Secqndary cells and batteries shall comply with the applicable requirements of one (or more) of
the following standards:

a) UL 1642, Lithium Batteries
b) UL 2504, Household and Commercial Batteries

¢) UL 62133-1, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes —
Safety Requirements for Portable Sealed Secondary Cells, and for Batteries Made from Them, for
Use in Portable Applications — Part 1: Nickel Systems

d) UL 62133-2, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes —
Safety Requirements for Portable Sealed Secondary Cells, and for Batteries Made from Them, for
Use in Portable Applications — Part 2: Lithium Systems.

e) UL 1973, Batteries for Use in Stationary and Motive Auxiliary Power Applications


https://ulnorm.com/api/?name=UL 924 2022.pdf

40

UL 924

DECEMBER 14, 2022

f) UL 1989, Standby Batteries

22211

Deleted

| 22212 Deleted

22.2.2 Batteries shall be located and mounted in a manner that, during replacement or use, prevents
misalignment, reverse polarity, damage to connections, loose connections, or access to uninsulated parts

that represent

22.2.3 The charging circu

Measurement

a risk of electric.

Charge Rate
ction 48B.

22.3 Unless|marked or specified otherwise by the manufacturer, the rated batiery) volfage is to be
calculated on the following basis:
Battery type Volts per cell

Lead acid 2.0

Nickel cadmium 1.2

Nickel metal Hydride 1.2

Lithium nickel manganese cobalt oxide (NMC) 3.7

Lithium iron phogphate (LFP) 3.3

22.4 A batte
into contact w
shifting of the
material.

22.5 A batte
transparent or

22.6 A sealg
requirements

22.7 A ventg
requirements

[y shall be located and mounted so thatithe terminals of cells will be preventeq
th terminals of adjacent cells or with~metal parts of the battery compartment a
battery. Cells in jars of conductive material shall be installed in trays of 1

'y whose maintenance requires the addition of water, electrolyte, or other liqu
translucent jars.

d battery/cell with a pressure release device shall comply with the Pressure
bpecified in the.Standard for Standby Batteries, UL 1989.

d battery-with flame arrestor vent caps shall comply with the Flame Arrester
bpecified in the Standard for Standby Batteries, UL 1989.

i from coming
s the result of
onconductive

ds shall have

Release Test

/ent Cap Test

Exception: The Back Pressure Test specified in UL 1989 need not be conducted.

22.8 Battery packs consisting of more than one battery or cell shall not permit individual batteries or cells
to be replaced, in order to avoid mixing new and old batteries that can create voltage imbalances within

the cells.

22.9 Equipment with batteries connected in a manner capable of producing 60 Vdc or greater shall be
provided with Backfeed Protection in accordance with Annex FF (normative) and Annex GG (informative)
of the fourth edition of the Standard for Uninterruptible Power Systems, UL 1778.

22.10 Central station and unit equipment is permitted to be shipped without the batteries it has been
I evaluated for use with when marked per 73A.4.11 and provided with instructions per 74.6.

I 2211 Equipment with batteries shall be marked with battery replacement information per 73A.4.11.
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23 Electronic Circuits

23.1 Electronic components and circuits relied upon to reduce the risk of fire or electric shock shall be
evaluated for performance reliability in accordance with the applicable component standard. Where
compliance with such standards has not been established, the equipment shall be subject to the
Component Breakdown Test program of Section 66.

23.2 Equipment containing solid-state components conductively connected to a branch circuit shall be
subject to the Voltage Surge Test, Section 55.

23.3 Electronic circuits that activate emergency lighting in response to an external signal (loss of normal
power, fire alarm, motion sensor or the like) shall be subject to the ELCF Test, Section 47, and shall
operate in acg¢ordance with 47.2 or issue a derangement signal appropriate for the condition|in accordance
with 47.7.

24 Capacitors

24.1 A capdcitor shall use such materials and shall be constructed so that.it will not congtitute a risk of
fire. It shall npt be damaged by the temperatures to which it may be subjected under th¢ more severe
conditions of jntended use. A paper capacitor shall be impregnated.or.enclosed to exclud¢ moisture. An
electrolytic orfother special type of capacitor, or a capacitor intended\for connection directly across the line,
shall be investigated in all respects for the particular application.

25 Lamphojders

25.1 The pgtential on an integral screw shell lampholder of the medium base type or snpaller shall not
exceed 150 vplts open circuit, either to ground or hetween conductors, as measured at the terminals of the
lampholder.

26 Overcurfent (Overload) Protection

26.1 Equipment with batteries (of .capacity greater than 20 ampere-hours with proyision for the
connection of|lremote lighting or-power equipment shall have integral overcurrent protectior] for the output
circuit, or shall be marked to identify the overcurrent protection to be provided by others.

26.2 The o\ercurrent(protection specified in 26.1 may include fuses, circuit breakers, $upplementary
protectors, or circuit(impedance as determined appropriate for the application. The overfurrent device
amperage rat|ng shall be no less than 125% of the load rating for the connected remote equjpment, to limit
the risk of nuiganeg tripping.

26.3 If a circuit breaker is operated vertically rather than rotationally or horizontally, the up position of the
handle shall be the on position.

26.4 A fuseholder in equipment rated and marked for an rms symmetrical short-circuit current rating of
more than 10,000 amperes shall have provision for accommodating a Class CC, G, J, L, RK-1, RK-5, or T
fuse. The fuseholder shall not accommodate a Class H or K fuse nor a miscellaneous or miniature fuse.

Exception: A fuseholder on the secondary side of a control transformer may accommodate a Class H or K
fuse, Type S fuse, Edison-base plug type fuse, or a miscellaneous or miniature fuse.

26.5 A fuseholder used in series with a circuit breaker in equipment having a marked short-circuit current
rating higher than the interrupting capacity rating of the circuit breaker shall have provision for
accommodating a Class CC, G, J, L, RK-1, RK-5, or T fuse. The fuseholder shall not accommodate a
Class H or K fuse nor a miscellaneous or miniature fuse.


https://ulnorm.com/api/?name=UL 924 2022.pdf

42 UL 924 DECEMBER 14, 2022

27 Coil Windings

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

27.2 Film-coated wire does not require additional treatment to prevent moisture absorption.
28 Derangement Signals

28.1 Equipment incorporating batteries and battery-charging means shall provide audible or illuminated
visible indicator(s) that change status and are detectable to facility maintenance personnel without the
need to adju i indi i to be located
directly on the|equipment itself, or may be remotely located and triggered to activate by a wired or wireless
control signal issued by the equipment.

28.2 Derangement signal activation shall occur under each of the following conditions, if applicable to the
equipment undler test:

a) Disgonnection of the battery power source;

Excepffon: Disconnection of the battery need not be considéred for equipment with batteries not
intendgd for replacement, maintenance or service, such./as an emergency baltery pack or
equipment marked in accordance with 73A.4.8.

b) The |battery is actively supplying a remote (but not concurrently a local) load while hormal power
remaing available;

c) The pattery charger is not receiving its intended charging voltage or has experienged an internal
failure that inhibits its ability to provide the“intended charging current to the battery; or

d) For pelf-testing / self-diagnostic equipment, detection of a non-functional feature|during a self-
testing{self-diagnostic routine, in-accordance with 30.1.

e) Deldted

28.3 Compliance with 28.2\shall be determined through testing per the Emergency Lighting Control
Functionality (ELCF) Tests.Section 47. Compliance with Section 47 does not require a presgribed level of
brightness or $ound foriany required indicator. The type of indicator response need only be gppropriate for
the indicator's|location-(i.e., sufficiently bright or loud if intended to be detected in a large sgace, versus a
text or graphical message if sent to a remote display or handheld device).

28.4 When tested per the Emergency Lighting Control Functionality (ELCF) Test, Section 47,
derangement signal activation is not required to occur immediately or automatically upon initiation of the
applicable conditions from 28.2. A derangement signal that activates when the test switch (see 29.1) is
operated subsequent to imposing the condition from 28.2 is also considered compliant with this
requirement.

29 Test Switch

29.1 Equipment provided with an ELCF shall have means for periodic testing, such as an integral or
remote (wired or wireless) switch , to simulate the conditions under which the ELCF is intended to operate
(such as loss of the normal supply). The test switch shall be evaluated per Emergency Lighting Control
Functionality (ELCF), Section 47.
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Exception: Equipment that has self-test/self-diagnostic capabilities in accordance with Self-Testing/Self-
Diagnostic Equipment, Section 30, need not be provided with a manually operable test switch.

29.2
maintained-br

eak type switch shall open all ungrounded conductors.

A test switch of the maintained-break type shall be accessible only to service personnel. A

29.3 A test switch of the momentary-break type, that returns the equipment to normal status when
released, shall be accessible to maintenance personnel (see 4.49, routine maintenance) without the need
for tools to remove a panel or barrier.

29A Emergency Lighting Control Devices

29A.1 AnEl
have means
controlled loa
functional and

29A.2 AnE
availability re

approved by an authority having jurisdiction. Such additional functiopalities, which may con

conditions an

LCD that has control functionality (“on”, “off’
o monitor the input signal referred to in 47.2(c) for the branch circuit~asso
ds. This input signal monitoring feature, which can be wired or wireless; shall b
independent of the emergency power feeding through the ELCD tp,the load

| CD that has functionality related to facility conditions beyond.the status of
uires evaluation as part of the system it is designed to work within, for that

0 hazards, and that may involve software algorithmsto-make real-time facility

adjustments, are beyond the scope of this Standard.
30 Self-Testing/Self-Diagnostic Equipment
30.1 Equipment that contains self-testing/self-diagnostic capability shall automatica
minimum 30 gecond test at least once every 30 days to verify the following:
a) ELQF operation;
b) Bat]:ry charger system functionality;
c) Battery terminal voltage no less than 87.5 percent of nominal; and
d) Availability and funetionality of connected loads. Based on preset or reca
indicafing load availability, a derangement signal shall occur when the levels deviate
50 pefcent for exit'signs, more than 25 percent for unit equipment and emergency
and more thany10 percent for central station battery systems. The means to
availability ‘of*connected loads shall be appropriate for the equipment technolo

measy

dim”, etc.) subject to testing undegr 47.2(c) shall

ciated with its
e continuously

normal power
facility and as
sider real-time
infrastructure

ly perform a

ibrated levels
by more than
battery packs,
determine the
jy, such as a

rement of impedance (for incandescent loads) or drive current (for LED loads)

NOTE: The load percentages reflect a number of discrete load devices typically associated with each equipment type — two
lamps or light sources within an exit sign, 2 integral plus 2 remote lamps for unit equipment and emergency battery packs,
and multiple separate loads for central station battery systems. Where the equipment under test has fewer discrete light
sources, the percentage of load loss for detection purposes can be adjusted accordingly. For example, unit equipment with
two lamps but no means for connection of remote lamps would be required to detect only a 50% loss of load rather than a

25% los

S.

The equipment shall be tested in accordance with 47.7 and 47.8, and be provided with user instruction

manual conte

30.1.1

| installation sh

nt per 74.4.

all be marked in accordance with 73A.4.13.

Equipment with a range of output levels and subject to loads being added or removed after initial

30.2 A self-testing function that discharges more than 30 minutes of the total capacity of a system battery
that supplies more than one lighting unit shall have provision, such as a programmable or random clock
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generator, to reduce the risk that the battery will be excessively discharged as a result of simultaneous or
consecutive self-tests.

30.3 Equipme

nt that is self-diagnostic only shall be marked in accordance with 73A.4.14.

30.4 Equipment that allows self-testing/self-diagnostic capability to be disengaged shall allow access to
the disengagement means only to service personnel.

31

31.1
means (switc

Disconnect Switches and Fuses

es, fuses wiring device connectors, or similar) to disconnect all remote e

both the norm
service persor

31.2 Ifadis
position of the

31.3 Equipm
battery circuit

32 Transfor

32.1 Atrans
one having no

Exception: Th
32.2 Transfg
33 Impedan
33.1 Battery

under reverse
polarity input.

34 Printed-Wiring'Board

ce Networks

al and emergency supply sources. The disconnecting means shall be acce
nel and shall open all conductors that represent a risk of fire or electric shock.

connect switch handle is operated vertically rather than rotationallyvor horizc
handle shall be the "ON" position.

ent shall be provided with means, accessible only to service personnel, t
bf an emergency battery pack during installation and seryicing of the equipmen

ners

ormer relied upon to reduce the risk of electric shock shall be of the isolating
connections common to both primary and 'secondary windings.

s requirement does not apply to a sealéd unit that is marked as specified in 73)

rmers shall comply with Supplemient SD, Alternative Requirements for Transfo

charging circuits(provided by an impedance networkshall provide the same |
polarity input, ‘unless means that are not easily defeated are provided to pr
Where needed; compliance is verified using the method of Section 48A.

34.1 A print

nd-wiring board or printnd-wiring chpmhly prm/idnd as pnrf of pqniprr

Equipment with batteries and having provision for connection of remote equipment shall have

uipment from
ssible only to

ntally, the up

o disable the
t.

type; that is,

A.4.8

rmers.

evel of output
event reverse

ent shall be

investigated for the particular application.

34.2 A resistor, capacitor, inductor, transformer, transistor, diode, or other component or part that is
mounted on a printed-wiring board, to form a printed-wiring assembly, shall be securely mounted.

34.3 Consideration is to be given to the mechanical protection and electrical insulation afforded to the

component or
35 Motors

35.1

part by a barrier or partition.

A motor provided as part of equipment shall be investigated for the particular application and shall

be capable of intended operation, without introducing a risk of fire, electric shock, or injury to persons.

35.2 A motor winding shall resist the absorption of moisture.
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36 Equipment Using Simple Reactance Ballasts and Lamps Having Integral Starters

36.1 Exit lights, exit fixtures, or other emergency lighting equipment intended for use with simple
reactance ballasts and lamps having integral starters shall comply with the requirements specified in the
Temperature Test, Section 52, when tested with the intended lamp types and wattages indicated in the
lamp replacement marking.

37 Spacings

371 General

37.1.1 Where_a risk of fire or electric shock exists, minimum spacings shall be in accordance with Table
37.1 or Table B7.2, as applicable.

Exception No| 1: The spacings given in Table 37.1 do not apply:
a) Within snap switches, lampholders, and similar wiring devices;

b) Between uninsulated live parts of a wiring device and dead-metal.that is part of th¢ wiring device
(including mounting screws, rivets, yoke, clamp, and the like); or

c) Betyeen such live parts and that part of a dead-metal sGrface on which the devicg is mounted in
the intended manner.

Exception Nq. 2: Other than at field wiring terminals ©r to the enclosure, clearances [and creepage
distances beteen parts that are rigidly held in place are permitted to be in accordance with the Standard
for Insulation| Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL
840. Environmental conditions shall be assumed-\fo be pollution degree 3 unless specific|measures are
included in the equipment to provide for less severe conditions.

Table 37.1
Spacings
Minimum spacing
L 0-50 volts rms,? | 51 — 150 volts rms,? | 151 — 300 volts rms,? | 301 + 600 volts rms,?
Spacing inyolved between
uninsulated live parts and: inch (mm) inch (mm) inch (mm) inth (mm)
Uninsulated live|parts | Through air 1/16° (1.6) 1/8° (3.2) 1/4 (6.4) 3[8 (9.5)
of opposite polafity . | e surface |  1/16° (1.6) 1/4 (6.4) 3/8 (9.5) 1|2 (12.7)
Uninsulated Fhroughrair 462 t+-6) H8¢ {3-2) 4 64 3 (9.5)
grounded dead-metal b
parts other than the Over surface | 1/16 (1.6) 1/4 (6.4) 3/8 (9.5) 12 (12.7)
enclosure, or
exposed dead-metal
parts that are isolated
Wall of metal Through air 1/4 (6.4) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7)
enclosure, including
fittings for conduit or Over surface 1/4 (6.4) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7)
armored cable®

2 For peak voltages and battery voltages, multiply applicable rms voltage by V2.

® The spacing between installation-wiring terminals of opposite polarity and between a wiring terminal and a grounded, dead-metal
part shall be no less than 1/8 inch (3.2 mm) through air and 1/4 inch (6.4 mm) over surface.

¢ The spacing between installation-wiring terminals of opposite polarity and between a wiring terminal and a grounded, dead-metal
part shall be no less than 1/4 inch (6.4 mm).

9 A metal piece attached to a metal enclosure is considered to be a part of the enclosure if deformation of the enclosure is likely to
reduce spacings.
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Table 37.2
Minimum spacings of printed-wiring board assemblies

Minimum spacings,”
RMS voltage? inch (mm) Coating program section® 9

0-30¢ 1/64 (0.4) 57 or 58

0—50% 1/32 (0.8) 57 or 58

51-600 1/32 (0.8) 57
0-125 1116 (1.6) None

126 — 250 3/32 2.4) None

251 —A00 12 (12 7) None

2 For peak voltages and battery voltages, multiply applicable rms voltage by V2.

® The minimum required spacing applied over the surface or through air between adjacent traces. Spacings-betwed
parts and grounded or accessible, dead-metal parts shall comply with Table 37.1. Spacings between primary and i
secondary circuifs are to be determined using the primary circuit voltage.

n line voltage
olated

¢ The minimum doating thickness for the Conformal Coating Test Program |, Section 57, is 1/64 inch (0.64 mm).

9 Applies to low Yoltage, limited-energy circuits only. See Determination of Low-Voltage, Limitéd*Ehergy Circuit Status, Section 50.

¢ A coating is nof required for spacings greater than 1/32 inch (0.8 mm) if the board assembly is in a compartment t
when not being gerviced, does not have ventilation or other unused openings, and does net contain a normally ven|
electrolyte battefy. A compartment that complies with the Dust Test or Atomized Water.Test criteria for a type 12 en
specified in the $tandard for Enclosures for Electrical Equipment, UL 50, is considered unventilated.

hat is enclosed
ted, wet,
closure, as

fSpacings betwgen adjacent conductors may be less than indicated where cennected to integrated circuits or similar components.

ting compliant with the Standard for Polymeric Materials % Industrial Laminates, Filament Wound|Tubing,
, and Materials Used in Printed Wiring Boards, UL 746E/js considered equivalent to a coating evdluated under
either Section 57 or 58.

37.1.2 The gpacing between uninsulated live parts of different circuits involving different
be no less than that required for the circuit of théhigher voltage.

voltages shall

37.1.3 The spacings at fuses and fuseholders, measured with the fuses in place, are to belbased on the

use of fuses having maximum standard-dimensions.

37.1.4 The dpacing at an installation-wiring terminal is to be measured with wire of the ¢
the rating conphected to the terminal as in intended service, but with wire no smaller than
mm?) in any cgse.

37.1.5 The \oltage:under which spacings are to be evaluated is the voltage measured
operating condlitions-as in the Temperature Test, Section 52, with any lamps operating.

brrect size for
14 AWG (2.1

under normal

37.1.6 Film-coated wire is considered to be an uninsulated live part in determining compliance of a
device with the spacing requirements, but the film can be used as turn-to-turn insulation in coils.

37.1.7 A pressure wire connector shall be prevented from turning by a restraint, such as
boss, if such movement would reduce spacings to values less than those required. A lock
shall not be used for this purpose.

Exception: Means to prevent turning need not be provided if spacings are no less than
required values:

a shoulder or
washer alone

the minimum

a) When the lug or connector, and any lug or connector of opposite polarity, have each been turned

30 degrees toward the other and
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b) The lug or connector has been turned 30 degrees toward other opposite-polarity live parts and
toward grounded, dead-metal parts.

37.2 Barriers

37.2.1 A barrier or liner of insulating material, used in place of the spacings specified in Table 37.1, shall
be investigated for the particular application and shall be no less than 0.028 inch (0.71 mm) thick.

Exception No. 1: A barrier or liner of insulating material less than 0.028 inch but no less than 0.013 inch
(0.33 mm) may be used in conjunction with no less than one-half of the spacing through air specified in
Table 37.1, provided the insulation material is found to be resistant to moisture, reliably held in place, and
located so that it will not be adversely affected by operation of the equipment in_service — particularly

arcing. If the
material shal
subjected.

Exception Ng
results of a s
the Standard|
acceptable pe

Exception Ng
equivalent to

Exception No
0.028-inch ((
protected fron

37.3 Insulaf

37.3.1 Insul
Tubing, UL 2
required spad
are met:

a) The

b) Thel

barrier or liner is exposed or otherwise likely to be subject to mechanica
be of such mechanical strength as to withstand the abuses to which|jt

2: A barrier or liner of insulating material may be less than 0.028 inch prd
bparate investigation, in accordance with the requirements for. internal barrie
for Polymeric Materials — Use in Electrical Equipment, Evaluations, UL

rformance. For examples, see Exception Nos. 3 and 4.

. 3: 0.007-inch (0.18-mm) thick, polyethylene <erephthalate (PETP) film
D.028-inch (0.71-mm) thick, vulcanized fiber.

4: Resin-bonded mica, 0.006-inch (0.15<mm) thick, is considered electricall
.71-mm) thick, vulcanized fiber; howgver, its use is limited to applicatiof
1 mechanical abuse or movement.

ing barriers

bting tubing that complies with the requirements in the Standard for Extru
P4, may be used as insulation of a conductor including bus bars in lieu of
ngs and a capacitor-case in lieu of bonding the case for grounding, if the folloy

conductor.js-not subjected to compression, repeated flexure, or sharp bends;

conducter or case covered with the tubing is well-rounded and free from sharg

c) The

damage, the
s likely to be

vided that the
rs specified in
'46C, indicate

is considered

equivalent to

S where it is

ded Insulating
the minimum
ing conditions

edges;

tubing is used in accordance with the manufacturer's instructions; and

d) The conductor or case is not subjected to a temperature or voltage higher than that for which the

tubing is rated.

37.3.2 A wrap of thermoplastic tape that complies with the requirements in the Standard for Polyvinyl
Chloride, Polyethylene, and Rubber Insulating Tape, UL 510, may be used if all of the following conditions
are met:

a) The wrap is not less than 0.013 inch (0.33 mm) thick, is applied in two or more layers, and is
used in conjunction with not less than one-half the required through-air spacing;

b) The wrap is not less than 0.028 inch (0.71 mm) thick when used in conjunction with less than
one-half the required through-air spacing;
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c) The temperature rating of the tape is not less than the maximum temperature observed during
the Temperature Test, Section 52;

d) The tape is not subject to compression; and

e) The tape is not wrapped over a sharp edge.
38 Field-Wiring Space
38.1 General

38.1.1 There shall be sufficient space within the enclosure for the installation of those wires and cables
likely to be us¢din connecting the normal and emergency Circuits 1o the equipment.

38.1.2 In thelinvestigation of wiring spaces, it is assumed that the size, type, and conductor material of a
wire to be uséd for installation of wiring connections will be in accordance with{the National Electrical
Code, ANSI/NFPA 70.

38.2 Wire-bé¢nding space

38.2.1 Wire-pending space when the conductor does not enter or.Jéave the enclosure thijough the wall
opposite its terminal shall be as specified in Table 38.1.

Table 38.1
Minimum wirg-bending space in inches when conductor does not enter or leave enclosure through

the wall opposite its terminals

Wire size, Wires per terminal (pole),
AWG orlkemil (mm?) 1 ")
14 -0 (2.1~%523) Not specified Not specified
8-p (8:4—13.3) 1-1/2 o
4-B (21.2-26.7) 2 -
2 (33.6) 2-1/2 =
1 (42.4) 3 -
0-20 (53.5-67.4) 3-1/2 5
3/0-4/0 (85.0-107.2) 4 6
25 (127.0) 4-1/2 6
NOTES
1 For Sl units: 1 inch = 25.4 millimeters.
2 Wire-bending space at terminals shall be measured in a straight line from the center of the wire opening, in the direction the wire
leaves the terminal, to the wall, barrier, or obstruction. See 38.2.5.
3 The minimum wire-bending space required for wire sizes or combinations of wires not covered will be determined by
investigation.

38.2.2 Wire-bending space when the conductor enters or leaves the enclosure through the wall opposite
its terminal shall be as specified in Table 38.2.
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Table 38.2

Minimum wire-bending space in inches when conductor enters or leaves enclosure through the

wall opposite its terminals

direction perper]

3 The minimum
investigation.

@ For removable
permitted to be

Wire size, Wires per terminal (pole),
AWG or kemil (mm?) 1 2
14-10 (2.1 -5.3) Not specified Not specified
8 (8.4) 1-1/2 -
6 (13.3) 2 -
4 (21.2) 3 -
3 (26.7) 3 —
2 (33.6) 3-1/2 -
1 (42.4) 4-1/2 -
0 (53.5) 5-1/2 5-1/2
2/0 (67.4) 6 6
3/0 (85.0) 6-1/2 (1/2)? 6-1/2 (1/2)?
4/0 (107.2) 7 (1) 7-1/2 (1-1/2)2
250 (127.0) 8-1/2 (2 8-1/2 (2)?
NOTES
1 For Sl units: 1|inch = 25.4 millimeters.
2 Wire-bending|space at terminals shall be measured in a straight line from'the edge of the terminal closest to the wall, in a

dicular to the enclosure wall. See 38.2.5.

wire-bending space required for wire sizes or combinations of wires not covered will be determing]

wire terminals (as defined in 38.2.3) and laysin'wire terminals intended for only one wire, bending
feduced by the number of inches shown jn,parentheses.

H by

space shall be

38.2.3 Fort
be removed f
and that can

3824 If a
connector, the

38.2.5 For |
perpendicular

ne purpose of wire-bending space requirements, a removable wire connector
rom its intended location-without disturbing structural or electrical parts, othe
e reinstalled with the:conductor in place.

conductor is restricted by a barrier or other means from being bent wherg
distance isito'be measured from the end of the barrier.

ire-bending space measurement, the lug or connector is to be at the smalle
to.the box wall that it can assume without defeating any means provided

turning (such

s one that can
than a cover,

it leaves the

5t angle to the
to prevent its

as-a boss, shoulder, walls of a recess, multiple bolts securing the connector

and the like).

However, it is assumed that the connector is not oriented so that the wire will be directed into a corner of
the box to such extent that the transverse wall would necessitate additional bending. If a terminal is
provided with one or more lugs or connectors for the connection of conductors in multiple, the distance is
to be measured from the wire opening closest to the wall of the enclosure. If the connectors for a circuit are
fixed in position (for example, by the walls of a recess) so that they are turned toward each other, the
distance is to be measured at the wire opening nearest to the wall in a direction perpendicular to the wall.
A barrier, shoulder, or the like is to be disregarded when the measurement is being made if it does not
reduce the radius to which the wire must be bent otherwise.

38.2.6 A wiring space in which knockouts are provided shall be of such a width to accommodate (with
respect to bending) conductors of the maximum size likely to be used at that knockout.

Exception: The wiring space may be of lesser width if:
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a) Knockouts of required size are provided elsewhere in the equipment;

b) The wiring space at such other point or points is sufficiently wide to accommodate the
conductors in question; and

¢) The knockout or knockouts at such other points can be conveniently used in the intended wiring
of the device. The values of the minimum acceptable width of a wiring space, with respect to
conductors entering the knockout, are the same as the values of minimum bending space given in
Table 38.1.

39 Accessibility of Insulated Current-Carrying Parts

39.1

39.1.1 Ther

parts that are {letermined to be accessible during routine operation or routine maintenance.

39.2 Accesgibility determination

39.2.1 Curre

39.2.2 With fespect to the requirement in 39.2.1, the probe may be articulated into any conf

may be rotatg
penetration m
the maximum

39.3 Insulat

39.3.1 The fi
other insulate
accessibility b

a) Any

b) Any

specifigd in Tablg19.1 that:

Generat

bquirements contained in this section apply to equipment having insulated’ cu

d or angled to any position, before, during,<or" after inserting into the ope
by be to any depth allowed by the opening.size, including a minimum depth ¢
brticulation.

bd parts

bllowing insulated current-carrying parts are permitted to be accessible. Cq
H, current-carrying parts; except for those indicated in 39.3.2, shall be in
arrier as specified in 39.4:1 and 39.4.2.

wire used as\specified in 19.1.4 or 19.1.5 or any 600-volt rated, appliance W

1) Does not terminate in a lamp-supported lampholder;

rrent-carrying

ht-carrying parts are considered accessible if they can be contacted by the anticulate probe
that is illustratgd in Figure 8.1. The probe may be positioned as specified in 39.2.2.

iguration, and
hing, and the
ombined with

ntact with all
hibited by an

flexible cord used as specified in 19.1.4 or 19.1.5, if itis Type SP2, SPT2, or heavier cord.

iring material

9) Has a minimum 0. 027-inch (ﬂ RQ-mm) thick insulation;

3) Is visible for the entire length that it is accessible;

4) Is routed in close proximity to a structural part of the fixture;

Exception: Wiring to an adjustable spotlight or similar construction need not be routed in

close proximity to a structural part of the fixture.

5) Secured to a structural part of the fixture at least every 3 inches (76.2 mm), if stranded

wire; or every 4 inches (101.6 mm), if solid wire; and

Exception: Wiring to an adjustable spotlight or similar construction need not be secured

where flexing of the wire is required for adjusting of the light.
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39.3.2 Thef
only during ro|

39.4 Accesgibility barriers

39.4.1

6) Contains no splices, other than factory-made splices using insulated, crimp-type
connectors, within the accessible length, and the accessible end of the wire does not

terminate at either the starter or lampholder required to be pulse-rated.

c) Any wire used as specified in 19.1.4 or 19.1.5 or any 600-volt rated, thermoplastic-insulated,
appliance wiring material specified in Table 19.1 that complies with all of the following:

1) Terminates in a lamp-supported lampholder;
2) Has a minimum 0.027-inch (0.69-mm) thick insulation; and

3) Has no splices between the ballast or transformer and the lampholder.

d) The

e) Any

a) Thg
materi

b) Fag
than t
provid

c) Any
maintg

The accessibility barrier referenced in 39.3.1, shall be one of the following:

a) Met
b) Gla

c) Imy
tempe

part which does not pose a risk of electric shock (see 4.47) or fire (see 4/48).

ollowing insulated current-carrying parts are permitted to be accessible to inc
utine maintenance, including lamp replacement:

bls that are mechanically secured in place and comply with 39.4.1;

nance operation.

5S, or porceldin, minimum 1/8-inch (3.2-mm) thick;

regnated) glass fiber sleeving at least 0.01-inch (0.25-mm) thick that is
Faturesinvolved,

d) Vul

anized fiher minimum Q. 028-inch (ﬂ 71-mm) thick; or

e) A polymeric material that complies with 10.4.

integral enclosure of a transiormer or any other component device that compljes with 39.4.1
and 39.4.2.

dental contact

terminals of a ballast, capacitor, or terminal block and-the ballast coil, if [insulated with

tory-made splices employing insulated, crimp-oniwire connectors or wire corlnectors (other
ne twist-on type) that comply with the Standard for Splicing Wire Connectors, UL 486C,
ed they do not have to be moved to accomplish the maintenance operation; and

unspliced, insulated wiring, as longs;as it does not have to be moved to gccomplish the

al (ferrous, aluminum, brass, zinc, or copper) minimum 0.016 inch (0.41 mm) thick;

rated for the

Exception: An accessibility barrier may be of a thickness less than that specified in (a) — (d) if it complies
with the requirement in 39.4.2.

39.4.2 The accessibility barrier as referenced in 39.3.1 need not be one of the minimum thicknesses
specified in 39.4.1, if it complies with Barrier Strength Test, Section 70.

EXIT SIGN VISIBILITY

40 Exit Sign Construction — General

40.1

These requirements apply to exit signs, including exit signs intended to be placed near the floor.
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40.2 An exit sign shall not be provided with a thermally-sensitive protective device unless the sign
complies with all the performance requirements of Performance, Section 43, when the protective device
operates.

40.3 Deleted

40.4 The light source in an exit sign shall be replaceable without cutting or splicing wires, de-soldering
and re-soldering lamps or lamp assemblies, or similar operations. A lampholder, plug and connector
arrangement, or similar means shall be used to comply with this requirement.

Exception: This limitation does not apply when replacement of the light source is not a routine
maintenance activity (per 4.49) and the compartment containing the light source is marked per 73A.4.9, or
the unit is sealed and marked per 73A.4.8.

40.5 An exit
be between 1

milliseconds p|
73A.4.3.

40.6 Deleteq

40.7 An exit

light sources (i.e., behind a transparent lens) shall have a viéwing angle 26,,, (where 8,

angle from lan
not less than 3

40.8 The requirements of Section 41 apply to text based exit signs using English alp

regardless of |
conform to th

rating for any
be determined

Sign is permitted to flash in response to a fire alarm activation signal. Theflas
2 and 120 cycles per minute and the “off’ time between flashes\/shall no
er cycle as determined in accordance with 43.5.1. A Flashing eXit'sign shall b

sign provided with exposed light emitting diodes{LEDs) or LEDs that are v

np centerline at which the luminous intensity is.one-half the on-axis luminous
6 degrees.

Figure 40.1

Light-pulse duration
Figure deleted

anguage. Text<based signs using other character sets would not necessarily b

ext-based sign of letter dimensions less than those required for English lette
using\the Observation Visibility Test.

hing rate shall
[ exceed 250
e marked per

sible as point
is the off-axis
intensity), but

habet letters,
e expected to

b letter heighty. width, and spacing requirements established for English letters; however,
reductions from these dimensional values could result in reduced viewing distances. The vie

wing distance
s can instead

41 Text-Based Exit Signs — Construction

41.1

The minimum overall height of all letters of the legend shall be 6 inches (152 mm). The ratios of

letter height to width, width to stroke width, and stroke width to inter-character spacing shall be as
indicated in Table 41.1. Measurement of the overall dimensions is to include any illuminated borders of the
letters or, in the case of reduced size illuminated legends, the non-illuminated (opaque) borders of the
illuminated letters. Corners of the letters may be slightly rounded with a maximum radius of 0.100 inch
(2.54 mm). Letter dimension measurements which include such rounded corners may be extended to the
point where the (non-rounded) intersecting lines would otherwise meet. The extrapolation of lines need not
be considered when measuring distances between characters.
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Table 41.1

Height to width ratio of legend letters

Maximum

Minimum

Overall height to overall width?®

Overall width to stroke width

Overall stroke width to inter-character spacing

3:1
not specified
2:1

not specified
2.6:1

not specified

“

@ Except letter

41.2 The overall sign height and width shall be such that an area of sign background exists, of minimum
dimension no less than the required inter-character spacing, between the edges of the legend and

directional indicators, If any, and the outside border or frame of the sign.

41.3 Dimensions of the illuminated letters shall be as specified in Table 41.2. Measuremgnt of the letter
height, width,[and stroke are to be made of the areas that are illuminated under theintended| operating and
external ambient illumination conditions, including complete darkness. However,/an external illumination

level greater than zero that obscures the illuminated legend dimensions shall not be used.

@ Except for the

Table 41.1.

¢ Letters of the
illuminated lette

b If the letter he:l

etter "I".

s are to be centered:

Table 41.2
llluminated legend minimum dimensions
bacing between
Letter height, Stroke width, Letter width,? letters,

inch (mm) inch (mm) inch (mm) nch (mm)
Full size ilumingted legend® 6 (152.4) 3/4 (19.1) 2 (50.8) 3/8 (9.5)
Reduced size illiminated 5-1/2-6 (139.7 - 14~3/4 (64-19.1) ] 1-1/2-2 (38.1 - 3/8 (9.5)
legend® 152.4) 50.8)
NOTE - lllumingted borders of the letters are to be included.

ht is greater than 6 inches (152:4 mm), then the other dimensions shall increase proportionally in

inimum dimensions specified for a full size legend shall be present on the face of the sign upon w

Accordance with

hich reduced size

41.4 The sp
or directional
distance betw

point or segm

acing betiveen adjacent illuminated points or segments of a non-continuous ill
ndicator-shall not exceed 1/2 inch (12.7 mm). The spacing is to be measured as the shortest
een, the edge of one illuminated point or segment to the nearest edge of the next illuminated
ent) A non-continuous illuminated directional indicator shall be vertically centgred relative to

minated letter

the adjacent legend character.

41.5 A directional indicator shall be as shown in Figure 41.1. Measurement of the overall dimensions is
to include any illuminated borders. Corners of the directional indicator may be slightly rounded with a
maximum radius of 0.060 inch (1.5 mm). Directional indicator dimension measurements which include
such rounded corners may be extended to the point where the (non-rounded) intersecting lines would
otherwise meet. The extrapolation of lines shall not be considered when measuring the distance to the
legend letters in accordance with 41.7(a).
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Figure 41.1

Directional indicator

B—
C
S33808
Minimum dimensions
A, B, C,
inches (mm) inch (mm) inches (mm)
1.25 (31.8) 0.42 (10.6) 1.04 (26.5)
A larger directionpal indicator shall retain the following proportions:
Relationship Ratio
height : width 1.2:1
maximum
height : 3: 1 maximum
horizontal
stroke width

NOTE - llluminated-baorders are to be included
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41.6 For measurement of the dimensions, only the continuously-illuminated directional indicator areas
that are visible under intended operating and ambient illumination conditions, including in darkness, are to
be used. Non-continuous illuminated directional indicators shall be tested as described in 43.2.

41.7 A directional indicator shall be:

a) Located outside of the legend and no less than 3/8 inch (9.5 mm) from any letter as shown in
Figure 41.2;

b) Located at the same end of the sign as the direction indicated; and

c) Secured in a manner that cannot readily be changed. A directional indicator attached with an
adhesjve | ' i i cordance with
41.8 of 41.9, as applicable. This requirement does not preclude a directional indicatdr, the direction
bns that allow
or reversal by
double-faced
directipnal exit sign will be inadvertently interchanged is not to be considered for the purpose of this
requirement.

Figure 41.2

Minimum distance between directional indicator and legend

\/ L

N
N\
D
NN
N
NG
1S
RN
N
=
X
X

MINIMUM 3/8 INCH
(3.5 mm)

S3376A

41.8 A directional indicator of flexible material that is secured by adhesive shall comply with the
Adhesion Test of the Standard for Marking and Labeling Systems, UL 969.

41.9 A directional indicator of rigid material that is secured by adhesive shall be tested per (a) and (b)
below. The average shear strength shall be no less than four times the weight of the directional indicator.
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a) Three test specimen sets shall be created, consisting of the directional indicator and the panel to
which it is to be secured, cut to conform to the size and shape identified in the Standard Test
Method for Apparent Shear Strength of Single-Lap-Joint Adhesively Bonded Metal Specimens by
Tension Loading (Metal-to-Metal), ASTM D1002 (to the extent practical and sufficient for
representative testing). The three adhered specimen sets shall be subjected to the exposure
conditions of Standard for Marking and Labeling Systems, UL 969, in accordance with the intended
conditions of use for the exit sign under evaluation.

b) After the conditioning, the shear strength of each specimen set bond shall be measured, per the
method of Standard Test Method for Apparent Shear Strength of Single-Lap-Joint Adhesively
Bonded Metal Specimens by Tension Loading (Metal-to-Metal), ASTM D1002.

4110 If an
direction (s) f
under any con
(or otherwise

with a directiq
exceed 0.1 as

be on the megns used to conceal unused directional indicators and the background. A meas

on a screw, ¢
considered pa

4111 The |4
Performance,

42 Graphicdl Symbol Exit Signs — Construction

42 1
Figure 421. T

for a running man facing towards the right, the arrow shall be to the right of the running man).

Exception: A s
direction.

A graphical symbol exit sign shall includethe running man symbol and arrow, such

r an installation, the means provided shall conceal or otherwise make/ndi
ition of use, the directional indicators not intended to be used. If the means’us
ake indistinguishable) an unused directional indicator has the shape of/or ca

nal indicator, the contrast ratio of the concealing means and_theg’ backgro
determined in accordance with 43.3 except that the luminance measuremen

lot, or slit in the directional indicator cover is to be avoided if such poin
It of a directional indicator.

bgend and directional indicator shall be visible as determined by cor
Section 43.

e arrow shall be located on the side of the sign toward which the running man

ing the proper

stinguishable,
ed to conceal
n be confused
und shall not
points are to
urement point
ts cannot be

hpliance with

as shown in
is facing (i.e.,

econd arrow is permitted_on the opposite side of the running man, pointing i the opposite
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42.2 The an
degrees from

42.3 Additig

symbol, indicating an accessi
content that detracts from the visibility of either the arrow or the running man symbol is

the arrow. Nd
permitted.

42.4 Figure

Figure 42.1

Running man symbol and arrow

¥

O
row shall be oriented up, dqgs?r horizontally pointing away from the runnir
horizontal pointing away-@&up or away-and-down from the running man.

’t'provide supplemental evacuation information (such a
ans of egress) is permitted on the side of the sign opp

hal text or symbols

S

42.2 igure 42.3 specify minimum dimensions for specific elements of th

and arrow ba

proportionality

g man, or 45

5 a wheelchair
psite to that of

P running man
hts shall retain
sions shall be

5e o%a minimum required sign height of 6 inches (152 mm). All other eleme
e elements whose dimensions are specified. For larger signs, all dimer

increased pro

portionately.
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e

Figure 42.2

Minimum dimensions for specific elements of the running man

6 inches (150 mm)

1.2 inches‘ 0.3 inch
3.6 inches (90 mm) (30 mm) (7.5 mm)
0.9 inch (22.0 mm)
Z P
(10.2 mm)
5.4 inchés
inches (135.mm)
b0 mm) 4.5 inches
f (112.5 mm)
L 0.75 inch
(18.7 mm)
LT 2y

163a

L 0.3 inch (7.5 mm)
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Figure 42.3

6 inches

Minimum dimensions for specific elements of the arrow

(150 mm)
0.75inch 4.5 inches 0.75inch
(18.7mm) (112.5 mm) __(18.7mm) |
T J
1.1 inches
(27.2 mm)
[} 6 inches
3.8 inches 1.1inches (150 mm)
(95.6 mm) (28.1 mm) y
Li
3inches
(75.0 mm)
1.1 inches.
(27.0 mim)
1.1 inches
(27.2 mm)

su1162b

42.5 The cqntrasting color space between the arrow and the inside of the running ma

frame shall bg no less than 1 inch (25.4.mm) measured at the closest point.

n symbol door

42.6 The brightness (luminance)iof the background space between the running man and the door frame

shall be comgarable to that of the arrow, as determined by the Luminance Measurement Teg

43 Performpnce

43.1 General

43.1.1 PerstnsZconducting the Observation Visibility Tests shall have a visual acuity of

t of 43.3.

not less than

20/40 or corrected to not less than 20/40 as determined by using a standard eye chart or by other
appropriate means, such as the Titmus Vision Test Series.

43.1.2 A full size, continuously illuminated exit sign shall be subject to either the Observation Visibility
Test, 43.2, or the Luminance Measurement Test, 43.3. A reduced size or non-continuously illuminated exit
sign shall be subject to the Observation Visibility Test.

43.1.3 A graphical symbol exit sign evaluated in accordance with the Observation Visibility Test of 43.2
shall additionally be subject to luminance measurements on the arrow and on the background space
between the running man and the door frame. These measurements shall be made in accordance with
43.3.3 and the results shall comply with the luminance uniformity requirement of 43.3.6.

43.1.4 All exit signs shall be subject to the Non-Energized Contrast Measurement Test, 43.4.
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43.1.5 Forill

uminance measurements in foot-candles (lux), the metering equipment shall:

a) Have an accuracy of +5 percent and

b)Bec

osine corrected.

43.1.6 For luminance measurements in foot-lamberts (cd/m?), the measurement equipment shall:

a) Have an accuracy of +5 percent;

b) Be color corrected (f1') to within 10 percent of the CIE relative photopic luminosity curve; and

c) Be rated no more than 5 percent susceptible to light outside the measurement area [f,(u)], in

accord
Meters

4317 An e
Observation V]
voltage. See g

4318 Ane
subject to the

at 87.5 percent of the rated emergency input voltage. If applicable; this test is in addition

43.1.7.

43.1.9 An ex
subject to the
by a constant
Discharge Tes

43110 A s
Luminance M
replacement d

43.1.11 A ph
Luminance M
Photolumines

43112 A flg
circuit or devio

Performance, Characteristics, and Specifications.

it sign intended for connection to an electrical utility source shall be s
isibility Test, 43.2, or the Luminance Measurement Test, 43.3, while’supplied
Iso 43.1.8 and 43.1.9.

it sign intended for connection to a remote battery-poweéred emergency sg
Observation Visibility Test, 43.2, or the Luminance Measurement Test, 43.3,

it sign provided with integral batteries serviAg as an emergency source of p
Observation Visibility Test, 43.2, or the Luminance Measurement Test, 43.3,
Fvoltage power supply set at the minimum battery voltage measured durin
t, Section 48. If applicable, this test.isin addition to the test of 43.1.7.

If-luminous exit sign shall>be subject to the Observation Visibility Test,
pbasurement Test, 43.3, while in a condition representative of that expected
ate.

otoluminescent.exit sign shall be subject to the Observation Visibility Test
pasurement Jest/ 43.3, in accordance with the procedures described in Su
ent Exit Signs:

shing-sign shall be subject to the Luminance Measurement Test, 43.3, wit
e defeated so that the sign is continuously illuminated.

ance with CIE Standard 69, Methods of Characterizing llluminance Meters-and Luminance

ubject to the
at rated input

urce shall be
while supplied
to the test of

ower shall be
while supplied
g the Battery

43.2, or the
at its marked

43.2, or the
pplement SF,

n the flashing

43.2 Observation visibility test

43.2.1

conducted as described in this Section.

When the Observation Visibility Test is to be used as indicated in 43.1.2 the test shall be

43.2.2 Eight individuals, two each from the age groups 18 — 30, 31 — 40, 41 — 50, and 51 — 70 years and
having a visual acuity as specified in 43.1.1 shall make the observations as required in 43.2.6.

43.2.3 Text-based exit signs shall be tested as follows:

a) To evaluate directional indicators, four sample sets of two identical signs configured as follows:

1) Set 1 — directional indicator on the right, point right (out)
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2) Set 2 — directional indicator on the right, point left (in)
3) Set 3 — directional indicator on the left, point left (out)
4) Set 4 — directional indicator on the left, point right (in)

b) To evaluate a text legend, two sample sets of three identical signs each configured with between
10 — 15 percent of the legend different between the two sets. For the legend "EXIT", masking the
lower horizontal element of the "E" and the lower right portion of the "X" (so that the letters appear
similar to "F" and "Y") is considered to meet this objective. For other text legends, visual elements
of comparable size and significance shall be altered to distinguish between the two sample sets.

43.2.4 Grap,
two identical s

ical symbol exit signs shall be tested as follows, with each of the following sets consisting of
igns:

a) Set[1 — arrow on the right, pointing right.

b) Set[2 — arrow on the right, pointing up.
c) Set 3 — arrow on the right, pointing 45 degrees up and to the right.

d) Set|d — arrow on the right, pointing 45 degrees down and to ' the’right.

43.2.5 The
similar test ar
the sign and

Eamples are to be positioned above the floor against a flat black surface in
pa in which all ambient illumination can be eliminated (total darkness). The dis
oint of observation shall be measured along,a line perpendicular to and throug

A corridor or a
ance between
h the center of

the face of the sign as follows:

a) Forfa directional indicator of a text-baseddegend, 40 feet (12.2 m);

b) For
marke

a text-based legend or the arréw of a graphical symbol sign, either the vig
d in accordance with 73A.3.9.6r 100 feet (30.5 m), whichever is less.

wing distance

43.2.6 The ¢bservers' eyes are to beacclimated for at least 5 minutes to normal ambient |
[50 foot-cand|es (538 lux)] and then allowed to adapt to the dark condition in the viewing
minutes immediately prior to commencing each set of observations (a 'set of observations'
of either eigh{ graphical symbol signs with arrows, eight text-based signs with directional in
text-based signs with legends only). After each observation set, the observers' eyes shall bg
the normal (30 foot-candie) light condition for 5 minutes. The tests signs are to be prg
observers in fandom.erder, with no more than two signs presented at any time. Each observer shall record
the distinguishing.characteristic of each sign (either the direction of the directional indicator gr arrow, or the
altered and/drnon-altered element of a text-based legend) within 10 seconds of commencing the
observation of that sign. If the visual element being observed cannot be distinguished, the observer shall
record no observation.

ght conditions
corridor for 5
would consist
Hicators, or six
re-adapted to
sented to the

43.2.7 The number of correct responses by each observer for each observation set shall be recorded. A
correct response is one that correctly identifies the distinguishing element of the sign within 10 seconds
from the beginning of the observation. Lack of a response at the end of 10 seconds is to be recorded as an
incorrect response.

43.2.8 The mean (PC) of the correct number of responses for an observation set shall be calculated
using formula (1). If the mean is 80 percent or more (6.4 out of 8 for a directional indicator observation set,
or 4.8 out of 6 for a legend observation set), the results are acceptable. If the mean is less than 80 percent,
the Standard deviation (S) and the lower cutoff limit (LCL) are to be determined using formulas (2) and (3),
respectively. Individual data points that fall below the LCL are to be discarded and a revised mean is to be
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determined. The results are acceptable if the revised mean is 80 percent or more. See 43.2.9 for
illustrative examples and sample calculations.

Xpc(i)s
n

(1) Mean, PC =

H 112
2[pc(i) — PC]

n—1

(2) Sample Standard Deviation, S =

(2 L ot LT 2 + 1 1T D O QLOLQ
\J) LUWUI CULUIT LI, UL 1< U.0709

in which:
pc(i) isthe number of correct responses for each individual observer, and

n is thd number of observers.

43.2.9 For the purpose of illustration, consider the following example. The Observation|Visibility Test
data obtained|on an exit sign directional indicator is recorded in Jable 43.1. Since the means is less than
6.4, the Standard deviation (S) and the lower cutoff limit (LCL), are calculated using formulas (2) and (3)
given in 43.2.B. The data for observer Nos. 2 and 3 are below the LCL, so they are disgarded and a
revised means calculated. Since the revised means is> more than 6.4, the results ane considered
acceptable.

Table 43.1
Example of visibility test data analysis and calculations

Observer no. Number of correct responses|

1 7

2 4

3 4

4 6

5 6

6 7

7 6

8 7
Mean (PC) 5.875
Standard deviations (S) 1.25
Lower cutoff limit (LCL) 4.76
Observer nos. omitted 2and3
Revised mean 6.5

43.3 Luminance measurement test

43.3.1 When the Luminance Measurement Test is to be used as indicated in 43.1.2, the test shall be
conducted as described in this Section.

43.3.2 The luminance of the legend, directional indicators, graphical symbols, and background shall be
measured on a candidate sign operating under each condition specified in 43.1.7 — 43.1.9, as applicable.
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Measurements shall be taken in a test room having no illumination other than that provided by the
candidate sign. Typical measurement points for certain sign designs are shown in Figure 43.1 — Figure
43.5. For all sign designs, the visually brightest and dimmest locations on any luminous element shall be
included in the measurements. Additionally, the following measurement procedures apply:

a) Measurements shall be circular areas not smaller than 0.030 inch (0.8 mm) in diameter and not
larger than the area under test will permit, maintaining a minimum distance of 0.015 inch (0.4 mm)
between the perimeter of the circular target area and the surrounding edges of the letters,
directional indicators, borders, and the sign frame.

b) Measurements on the background of a panel face or edgelit sign shall be within 1 inch (25.4
mm) of the outer edge of any letters, directional indicators, or graphical symbols.

c) Meg
points
target
radius
contra

43.3.3 Forsg
less than two
mm) in majg
measurement

surement of the combined luminance of letters and borders (points 1 — 33 of\H
LB1 — LB21 of Figure 43.4) shall be a maximum 0.050-inch (1.27-mm) |dig
area centered upon the junction of the letter and border. A spacing egual

sting border lines.

xit sign designs not represented by Figure 43.1 — Figure 43.5;7and for graphic
measurements shall be taken for each continuous luminous element exceedi
r dimension, at intervals not exceeding 2 inches~(50.8 mm) linear dist
S.

gure 43.3 and
meter circular

o at least the

of the target area is to be maintained between the perimeter of the.target area and adjacent

al symbols, no

lg 1inch (25.4

nce between
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Figure 43.2

Luminance measurement points

0 O 0
0 O 0 O 0
0 ogo _of O O
o o oB O O
O O 0

S3517

Note — Measurerent points may be shifted up to 1/4 inch (6.4 mm) in either direction along the letter-orbackground surface to avoid
interference with jp structural member if provided.



https://ulnorm.com/api/?name=UL 924 2022.pdf

66 UL 924 DECEMBER 14, 2022

Figure 43.3

Luminance measurement points for exit signs with letters and directional indicators having
illuminated borders less than 0.10 inch (2.54 mm) wide

1 y 12 19 . " 33
_ f o

®\ /@
27— /—31
L
— 25
03| € 2
’,—24
W N
e | | -
@ ®

L1,L2,..,L20 ON LETTERS
1,2,...,33 ON LETTER/BORDER
B1,B2,...B23 ON BACKGROUND
34 — 39 ON DIRECTIONAL INDICATOR/BORDER

B24 - B31 ON BACKGROUND OF DIRECTIONAL INDICATOR
D1 — D5 ON DIRECTIONAL INDICATOR

S3377A
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Figure 43.4

Luminance measurement points for exits signs with letters and directional indicators less than
0.10 inch (2.54 mm) wide having illuminated borders
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1,2,..26 ON BORDER
B1,82,...823 ON BACKGROUND
LB1,LB2,...,L.B21 ON LETTER/BORDER

27 — 33 ON BORDER OF DIRECTIONAL INDICATOR

B24 — B31 ON BACKGROUND OF DIRECTI
DB1 — DB6 ON DIRECTIONAL INDICATOR/H

DNAL INDICATOR
ORDER

S3378A
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Figure 43.5

Luminance measurement points for exits signs with illuminated letters and borders and directional
indicators each greater than 0.10 inch (2.54 mm) width
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L1,L2,..L.20 ON LETTERS
b1,b2,...036 ON BORDERS
B1,B2,...823 ON BACKGROUND
b37 - b43 ON BORDERS OF DIRECTIONAL INDICATORS

B24 - B31 ON BACKGROUND OF DIRECTIONAL INDICATORS
D1 - D5 ON DIRECTIONAL INDICATORS

su1506
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43.3.4 The contrast ratio between adjacent luminous elements that require contrast for each element to
be visible shall be 0.5 or greater, calculated using the formula:

L,

C=

in which:
C is the contrast ratio;

L, is the greater luminance, average of measurements; and

L, is the lesser luminance, average of measurements.

The luminancg values obtained on the letters, on the background, and on the borders(if applicable) are to
be separately|averaged. For an exit sign having illuminated borders, two contrast ratios (C1jand C2) are to
be determined. Refer to Table 43.2 and Table 43.3.

Table 43.2
Contrast ratios for exit signs with letters having.illuminated borders
Measurement points
Contrast ratio Figure 43.3 Figure 43.4 Figyre 43.5
c L1-120 and B1-B23 1-26 and B1-B23 L1-120and B1-B23
Cp 1-33 and B1-B23 LB1-LB21 and B1-B23 b1-b36 and B1 — B23
Table 43.3
Contrast ratios for directional indicators having illuminated borders
Measurement points
Contrast ratio Figure 43.3 Figure 43.4 Figure 43.5
c D1 - D5 and B24 — B31 27 —33 and B24 — B31 B1-B5 and B24 — B31
Cp 34 — 39 and B24 — B31 DB1 - DB6 and B24 — B31 b37 —b43 4nd B24 — B43

43.3.5 The minimum luminance on any point of an illuminated exit sign element (legend, directional
indicator, graphical symbol) shaII be 2.50 foot- Iamberts (8.57 cd/mz) when operated under|normal power
' ehcy conditions
representative of its end of rated t|me (in accordance W|th 43 1.8 — 431 11 as appllcable) If the
background of a panel face or edge lit sign is brighter than the legend, directional indicators, or graphical
symbol, the background (rather than the other elements) is subject to the minimum luminance
requirements.

Exception: For exit signs having illuminated borders that are the same illuminated color as the stroke, (for
example a red light source illuminating a red legend and border, not a white light source illuminating a red
legend and a clear or frosted border as the legend would be red and the border would be white) the border
can be considered as part of the stroke if the contrast ratio is no more than 0.20 between the border and
the stroke.

43.3.6 The measured luminance range (brightest-to-dimmest) within any individual continuous element
intended to be evenly luminous shall not vary by more than a 20-to-1 ratio. The measured luminance
range for the luminous elements of the background shall not vary by more than a 50-to-1 ratio. The
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measured luminance range for the luminous elements not of the background (i.e., legend plus indicators)
shall not vary by more than a 50-to-1 ratio.

43.4 Non-energized contrast measurement test

43.4.1 Exit signs shall have distinctively contrasting colors (i.e., light versus dark) between the legend
(and directional indicators or arrows) and background, to ensure a minimum level of functionality where
intended maintenance has not occurred (such as replacement of dysfunctional light or emergency power
sources). Where such contrast is not evident, an exit sign shall be evaluated in accordance with either
43.4.20r43.4.4.

43.4.2 A sample sign shall be mounted where subject to 30 foot candles (323 lux) illumination evenly
imposed on tqe sign face. The reflected luminance from the sign face shall be measured a(Lten locations

each on the lggend and on the background, with the measurement points evenly distributed across each
area. If direcfional indicators are provided, two measurements are to be made‘on’ eaph directional
indicator. Background measurement points shall include two each above, below, \to the right, to the left,
and between the letters of the legend.

43.4.3 The measurement of 43.4.2 shall be used to determine compliancewith 43.3.4.

43.4.4 As anlalternative to the measurement test of 43.4.2, the Obseérvation Visibility Test of 43.2 shall be
conducted, madified as follows:

a) The|observers shall be as stated in 43.2.2, exceptithat four observers, regardless|of age group,
shall b¢ used.

b) Evaluation shall be as stated in 43.2.3, except that, where the color scheme of the directional
indicators is identical to that of the legend, only the legend shall be evaluated.

c) Theltest setup is to be as stated n*43.2.5, except that the test area shall maintgin reasonably
uniform, nominal 30 fc (323 lux), ambient light conditions between the observers and the exit signs.

d) The| test shall be conducted”as stated in 43.2.6, except that the observers rgquire no eye
acclimation time prior to the test.

e) In ligu of the calculations of 43.2.8, 100% of the observations shall be correct.
43.5 Flashing rate and duration between successive light pulse measurements

43.5.1 To dejermine the flashing rate and duty cycle as specified in 40.5, the exit sign shall pe placed in a
vertical plane Inside a dark room having no illumination other than that from the test sample reaching the
sensor of the measuring instrument. The sample is to be energized at its rated supply voltage, per 45.2.1,
and operated in the flashing mode for one minute before measurements commence. An exit sign intended
to be cycled on and off by an external control such as a fire alarm control panel is to be operated at the
rate specified by the manufacturer and marked on the product and in the instruction manual.
Measurements shall be taken with a photometer in conjunction with an oscilloscope, or similar equipment,
placed 10 feet (3.05 m) from the exit sign, perpendicular to the face of the sign. A minimum of ten full
successive pulses of light shall be recorded.

Figure 43.6

Flashing rate duration between successive light pulses
Figure deleted
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44 Markings
Section 44 deleted
PERFORMANCE
45 General
451 The performance of equipment shall be investigated by testing in accordance with the applicable

provisions of Sections 46 — 68.

45.2 Alltest

4521 For ¢
source that pH

a) 120
b) 240

c) Thel
(b).

45.2.2 For ¢
wattage, the @

Note: Equipment
with an input vol
exclusively by th
its own internal in

453 If equi
tested in that

454 If adis
battery isto b

455 Chees
having what i
direction and

P ! el 1 : P : } : . '
b dlIT U U bUIIUUbi.UU WILTT ;.IIU Product bUIIIIUbiUU ;.U d SUpPply CiITCUIt Ol ldi.UU LS

quipment designed for connection directly to a branch circuit supply source,
ovides a constant voltage, the voltage of the supply circuit is to be:

volts, for a product rated from 110 — 125 volts;
volts, for a product rated from 220 - 250 volts; or

maximum rated voltage of the product, for a product-rated other than as spec

quipment designed for connection to a supply“source that provides a cons
mperage or wattage of the supply circuit is-to-be as marked per 73A.2.1(a).

designed for constant current (or wattage) input*does not self-manage its power consumption.
age rating, per 73A.2.1, but this voltage only serves to allow current to flow; the amount of cy
e power source and not by the equipment-under test. Equipment designed for constant voltage in
hpedance to regulate and limit current (and wattage).

bment must be mounted ina specific position in order to function as intend
pbosition and marked jn‘accordance with 73A.3.5.

Charged battery-or-equipment with a discharged battery is required to be use
e dischargedtas described in 48.6(h).

bcloth Wsed for tests is to be untreated cotton running 14 — 15 yd?/Ib (26 —
5 known to the trade as a count of 32 by 28; that is, for any square inch, 32

quency.

or to a supply

fied in (a) and

ant current or

t is to be marked
rrent is managed
ut generally uses

ed, it shall be

i in a test, the

D8 m?/kg) and
hreads in one

28 threads in the other direction (for any square centimeter, 13 threads in ong direction and

11 threads in

he other direction).

45.6 Tests involving cheesecloth are to be made in a room free of drafts.

45.7 Tissue paper used for tests is to be untreated white paper of the type commonly used as gift

wrapping.

46 Leakage Current Test

46.1

not exceed 0.75 milliampere.

The leakage current of a cord-connected unit, when measured in accordance with 46.2 — 46.7, shall

46.2 Leakage current refers to all currents, including capacitively coupled currents, that may be
conveyed between exposed conductive surfaces and ground or other exposed conductive surfaces.
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46.3 All exposed conductive surfaces are to be tested for leakage currents. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually and, where the surfaces
are simultaneously accessible, collectively. A part is considered to be exposed unless guarded by an
enclosure considered to provide protection against electric shock as described in Frame and Enclosure,
Section 8. Surfaces are considered to be simultaneously accessible when they can be contacted by one or
both hands of a person at the same time.

Exception: Leakage current measurements need not be taken at terminals operating at voltages that are
not considered to present a risk of electric shock.

46.4 |If part or all of an enclosure is of material other than metal, a piece of metal foil measuring 100 by
200 mm (3.9 by 7.9 inches) is to be placed on the enclosure so that all the foil is in contact with the surface

of the applian
from the foil a
conductive sy
temperature o

Exception: Fo
surface.

46.5 The me
instrument is @
same numerid
need not have

a) The
0.15m

b) The
voltags

c) For
respon
ohm re
milliam

e. Leakage current is then to be measured from the foil to the grounded sup
hd other exposed surfaces to the grounded supply conductor, and from_the ‘f
rfaces of the appliance. The foil is not to remain in place long eneugh
the appliance.

I a surface smaller than 100 by 200 mm the piece of foil is.to be the sam

asurement circuit for leakage current is to be as illustrated in Figure 46.1. The
efined in (a) — (c). The meter that is actually used for'a measurement need on
al value for a particular measurement as would\the defined instrument. Th
all the attributes of the defined instrument as follows:

meter is to have an input impedance of*1500 ohms resistive shunted by a @
crofarad;

meter is to indicate 1.11 times the average of the full-wave rectified composits
across or current through the resistor; and

A frequency range of 0 = 100 kilohertz, the measurement circuitry is to hav
5e (ratio of indicated to actual value of current) equal to the ratio of the impeda
sistor shunted by a.0:45 microfarad capacitor to 1500 ohms. At an indication
pere, the measurement is to have an error of no more than 5 percent at 60 herf

bly conductor,
il to exposed
to affect the

e size as the

measurement
y indicate the
e meter used

apacitance of

b waveform of

b a frequency
nce of a 1500
of 0.5 or 0.75
v
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Figure 46.1

Leakage current measurement circuits

PRODUCT METER

. FE T

120V

% INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B
LC100

Product intended|for connection to a 120-volt power supply.
PRODUCT METER

I —— S2
Tmov r A J

240V =—

120V L
H =
St % INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B

7T

LE200

Product intended|for connection to a 3-wire, grounded-neutral power supply.

Notes:

A — Probe with shielded lead.

B — Separated ar]d used as clip when measuring currents from one part of device to another.
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46.6 Unless the meter is being used to measure leakage from one part of a unit to another, the meter is
to be connected between the accessible part (or parts) and the grounded supply conductor.

46.7 A sample of the unit is to be tested for leakage current with the grounding conductor open at the
attachment plug. The test sequence with respect to Figure 46.1 is to be as follows:

a) With the switch S1 open, the unit is to be connected to the measuring circuit. Leakage current is
to be measured using both positions of switch S2, and with the unit switching devices in intended

operati

ng positions.

b) Switch S1 is then to be closed, energizing the unit, and within 5 seconds, the leakage current is
to be measured using both positions of switch S2, and with the switching devices on the unit in their

i ad-oberatina-nositions.
intendgqd-operating-positions-

47 Emergency Lighting Control Functionality (ELCF) Test

471 Equip

nt with ELCF or with self-testing/self-diagnostic circuitry intended to asse

status, shall operate as intended in accordance with this Section.

47.2 An ELQD, whether a separate device or as an electronic function ntegral to the equip
connected as |specified in its installation instructions to its supply soUrce(s) and controlled |

inputs for emergency lighting functionality per (a) — (e) below shalkbe’individually transmitted

5S equipment

ment, shall be
bad(s). Signal
to the ELCD.

The tests can pe performed in any sequence and shall be performed in every sequence thaj represents a

unique combi
different sequ
Multiple funct

complete all rg

a) Sen

bnce of equipment activation, and all permutations that may render different
quired activity within 10 seconds.

5ing — Each current carrying (hot and neutral) supply source line being moni

individdially interrupted. The ELCD shalt' detect each changed condition and emit 3

signal.

b) Interpreting - An input signal indicating normal power status shall be provided, and

to indi
accura

c) Con
power.
that no
ELCD
state ¢

ate loss of normal_ power. The output shall be assessed in both conditio
Cy.

frol — The ELED shall be provided with an input signal indicating the prese
A controlled'load shall be turned “off’. The input signal shall then be chang
rmal power has been disrupted. The controlled load shall be monitored to va
has. overridden the “off’ position and directed the controlled load to shift to 3

factivation’. For an ELCD identified as suitable for use with dimmable

ation of conditions. Consideration shall be given to different power and sigr

ons can be assessed by a single test.'"ELCDs with functions (a), (c), an

al inputs, the
performance.
d/or (d) shall

tored shall be
n appropriate

then switched
s to validate

hce of normal
ed to indicate
idate that the
n appropriate
or otherwise

adjustable Tuminaires, this test shall be repealed with a controlled load inifially set
power conditions) over a range of control inputs representative of any illumination inhibitory states.

under normal

' Activation when normal power is lost can be full output illumination, or some other setting less than full illumination where
the ELCD instructions identify how to set this level for compliance with the applicable Codes (e.g., NFPA 101).

d) Distributing — The ELCD shall be connected and energized under conditions representative of
normal power availability. The conditions shall then be changed to represent disruption of normal
power. The distribution of power and control signals under both normal and emergency power
conditions shall be validated as appropriate.

e) Simulating — The ‘test’ function of the ELCD shall be actuated?. The ELCD output shall be
monitored to validate that emergency power is transmitted to the controlled load(s).

2 Actuation shall be manual, whether by a mechanical switch or radio (or similar) signal. For self-test equipment, see 30.1.
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47.3 Deleted
47.4 Deleted

47.5 Equipment that is rated for use below 20°C (68°F) shall be subjected to testing per 47.2 and 47.3
while maintained in an ambient 5°C (9°F) lower than that rating. Equipment that is rated for use above
30°C (86°F) shall be subject to testing per this section while maintained at an ambient 5°C higher than that
rating. Equipment rated for use in from 20 — 30°C (68 — 86°F) shall be tested in a 25°C (77°F) ambient.

Exception: Equipment operating below the risk of electric shock voltage limit (see 4.47) and not
incorporating rechargeable batteries intended to supply emergency power need only be subjected to the
extended ambient range testing of this requirement when rated for use below 0°C (32°F) or above 55°C
(131°F).

47.6 Delete

47.7 Audiblg and/or visible signaling devices that serve as derangement signals required |in accordance

with Derangs
accordance W
equipment as|

ment Signals, Section 28, or required as part of a self-testing/self-diagn
ith Self-Testing/Self-Diagnostic Equipment, Section 30, shall be evaluated by
intended in service and individually simulating each condition intended to activ

47.8 Equipnment that incorporates self-testing/self-diagnostic_Circuitry shall be connected

service and g
30.1. This wi
(normal) wor
failures. A tim
the self-testin
specified in th

48 Battery
48.1

this section.
Compliance s

perated in a manner that will trigger the operation of each diagnostic functi
| require initiation of the self-testing/self-diagndstic mode and simulation of
ing conditions, emergency signal inputs;vand relevant individual compon
ing acceleration device is permitted to_be“used to verify the minimum 30-da
g/self-diagnostic system. The duration of the self-testing/self-diagnostic routi
e manufacturer's literature and instructions, but in no case less than 30 secong

Discharge Test

Equipment storage batteries shall retain sufficient energy capacity when tested in ag

The rated load shall* be as marked per 73A.2.1(b)(1) or 73A.2.1(b)(2),
hall be determined_per method (a) or (b):

a) Batfery terminakvoltage shall be no less than 87.5% of nominal after the sequend

48.6.

b) Lun

henwoutput shall be no less than 60% of the initial lumen output level after

descri

pstic circuit in
connecting the
ate a signal.

as intended in
bn specified in
both intended
ent or system

cycle time of
ne shall be as
S.

cordance with
as applicable.

e described in

the sequence

pedin 48.6, as described in 48.3.

48.2 Equipment that is rated for use below 20°C (68°F) shall be subject to testing per this section while
maintained in an ambient 5°C (9°F) lower than that rating. Equipment that is rated for use above 30°C
(86° F) shall be subject to testing per this section while maintained at an ambient 5°C higher than that
rating. Equipment rated for use in from 20 — 30°C (68 — 86°F) shall be tested in a 25°C (77°F) ambient.

48.3 Lumen output measurements are to be performed in a completely darkened room with dark colored
walls. The light meter used is to be color and cosine corrected. The light meter is to be located in a plane
that is perpendicular to the light source, and at the same distance from the light source for the
measurements after steps (c) and (j) of 48.6.

Exception: For an LED luminaire or LED unit equipment, the current supplied to the LED array can be
used as an alternative to the light output measurement of 48.6(j), as follows:
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a) The

current associated with the initial light level (48.6(c)) is measured.

b) Calculate the 60% light output level.

¢) Using an adjustable current source, record the minimum current needed to achieve 60% light

output

(measuring at the same location and distance as in step (a) of this exception).

d) Measure the current supplied to the LEDs after step (48.6(j)). Current equal to or greater than
that recorded in step (c) of this exception is considered a compliant result.

48.4 The load is to be the integrally mounted lamps or the maximum number of lamps to make up the
rating of the equipment. Electric discharge lamps shall be aged for minimum 100 hours prior to taking
measurements._Eor tungsten lamp loads, the load current is to be determined by either the marked current

rating or by @

nominal rated

and 1.2 volts
adjusted to thg

the load is to
small wattage

alculation using the marked wattage rating and the nominal rated system
system voltage is to be calculated on the basis of 2.0 volts per cell forthele
er cell for the nickel cadmium or nickel-metal-hydride types. The tungstenlam

rated value 1 minute after the start of the initial discharge test, and\no further
be made during the tests. Fine adjustment of the load current is-to’be made
tungsten lamps or small variable resistors.

voltage. The
ad acid types

D load is to be

adjustment of
by the use of

48.5 For tes{ing of equipment having flashing or audible signaling er both features, the equipment is to

be in the flash

48.6 The eq
step (j) to vali
or, if applicabl

a) The

b) For

¢) The

discha
record

d) Pern

less th

e) Rec

f) Disc

ng or audible signaling or flashing and audible signalings-mode.

f

battery is to be charged as specified in48.7. The time of charge is not to excee

ipment shall be subject to the following test sequence. Measurements shall
ate that battery terminal voltage is not less than 87.5 percent of the nominal

charged battery is then jto be connected to its maximum rated load and
ge. For equipment subject to lumen output measurements, a lumen measure
d one minute into-{he discharge.

hit the battery to-discharge at maximum rated load for the indicated marked r
an 1-1/2 hours).

narge-the-battery as specified in 48.7, but for not more than 24 hours.

, the lumen output is not less than 60 percent of the level measured in step (c).

be taken after
rated voltage

d 168 hours.

a wet lead-acid battery, the specific gravity of the electrolyte is to be measured with a
hydrometer and recorded.

permitted to
ment shall be

hted time (not

fparge the battery at maximum rated load for 1 hour.

g) Recharge the battery as specified in 48.7, but not more than 168 hours.

h) Discharge the battery at maximum rated load for 24 hours. An automatic cutoff circuit provided
to prevent discharge of the battery beyond a fixed point is not to be defeated if provided as part of

the un

it.

i) Recharge the battery as specified in 48.7, but for not more than 168 hours.

)

measure the closed-circuit battery terminal voltage or lumen output, as applicable.

Discharge the battery at maximum rated load for the indicated marked rated time, and then

48.7 With regard to 48.6 (a), (e), (g) and (i), battery charging shall automatically commence and continue
upon connection to or restoration of normal power, without any other manual intervention. The battery is to
be charged for the shortest period of time marked on the product, or in the instructions, or other literature
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provided for the product, per 73A.2.6. If different charge times are provided with clear identification of the
differences, the shortest time indicating the initial charge is to be utilized (not the time to test). For
example, if the instructions are marked "Charge 12 hrs for test", and the unit is marked "Charge for 168 hrs
for full recharge”, then testing is to be performed at the 168 hour charge time. If the equipment is not
marked or otherwise provided with a battery charge time specification, the battery is to be charged as
specified by the manufacturer. In no case is the charge time to exceed 168 hours for (a), (g), or (i) and 24
hours for (e).

48A Lithium Battery Charge Rate Measurement

48A.1 The battery(ies) shall be installed in the equipment and fully discharged by any convenient means.
The charging cycle shall then be initiated. Current flow from the charging circuit into the battery shall be
monitored dufing the charge cycle to determine the maximum rate. The test shall be continged only until it
is clear that the rate of charging is steady or decreasing, but not less than 3 hours. The“maximum rate
shall not exceled the battery manufacturer’s recommendation.

48B Lithium Battery Charging Circuit Abnormal Tests

48B.1 The tests of 48B.2 and 48B.3 shall not result in any of the following:

a) Chgmical leaks caused by cracking, rupturing or bursting ofthe battery jacket;

b) Spillage of liquid from any pressure relief device in the battery;

c) Expjosion of the battery; or

d) Emission of flame or expulsion of molten material outside of the luminaire enclosufe.

The measure
battery or cel
battery or cel
(Section 56),

result of a tes

48B.2 Singl

d charging voltage shall not excéed the manufacturer’s recommended ma
s, and the current shall not exceed three times the manufacturer’'s recomme
s. For equipment otherwise-fequired to comply with the Dielectric Voltage-\

, @ new sample may be used to continue the test program.

a time, on components within-the charging circuitry. A fully discharged battery(ies) shall be

these conditig
reach and ren

Exception: (

ns for 7 helits. The test may be discontinued prior to 7 hours if temperatures
hain at ambient (+2 C) for no less than 30 minutes.

ompehents whose reliability against fault conditions has been demonst

Ximum for the
hdation for the
Vithstand Test

hat test shall be repeated after this test program. If the equipment becomes inoperable as a

e fault conditions that may increase the charging voltage or current shall be imposed, one at

charged under
on the battery

rated through

R annlinahl Quinh ~o thoon AFf ] £N79N 4 2 Spn ;oo

compliance v

m Aahla o irapmanta I + orhi
T appPnCaorCTCHUITCITICTINS,; ouCIiT_ao oot~ U UL OU7TOU—1; arc— 1ot oundjC

conditions of 48B.2.

t to the fault

48B.3 Single fault conditions that may permit reverse charging within a multi-cell battery shall be
imposed, one at a time, on components within the charging circuitry that are not known to be reliable.
Component faults shall be chosen to cause the highest reverse charging current. A fully discharged
battery shall be charged under these conditions for 7 hours. The test may be discontinued prior to 7 hours
if temperatures on the battery reach and remain at ambient (+2 C) for no less than 30 minutes.

NOTE: Where equipment includes multiple identical multi-cell batteries, this fault condition test is only required to be performed on a
single battery.
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49 Input Test

49.1 The measured input to a unit in amperes or both watts and power factor shall not exceed the
marked rating by more than 10 percent if measured in watts or 5 percent if measured in amperes, when
the unit is operated under the conditions of intended use and connected to a supply circuit of rated voltage
and frequency.

Exception: This test is not applicable to equipment designed for constant current or wattage input. See the
note in 45.2.2.

49.2 The input to a unit incorporating a battery charger is to be determined after the battery has been
discharged no less than 24 hours. A dual-rate charger is to be operated at the higher rate.

49.3 Equipment marked per 73A.2.4 with a standby electrical rating is to be chargedfor.ng less than the
minimum peripd of time for full recharge marked either on the product or in the‘instrucjions or other
literature prov|ded with the product. If the equipment is not marked or otherwise, provided with a battery
charge time specification, the battery is to be charged for 168 hours. After being.charged, thI input current
and wattage dre to be measured periodically or continuously monitored ovér a 24 — 48 hourr period. The
average of no|less than six measurements evenly spaced over the time,period shall be defermined. The
marked standlpy rating shall be not less than 90 percent of the average value measured.

50 Determination of Low-Voltage, Limited-Energy Circuit Status

50.1 When ¢gvaluated per 50.2 — 50.4, a circuit may be considered low-voltage, limited-engrgy when the
maximum opgn circuit voltage potential of its supply source does not exceed the limit for fisk of electric
shock, and the maximum available current does not\exceed 8 A, or 150/V amps for circlits operating
between 30 — B0 Vdc, measured after one minute of.operation.

50.2 The input to the source under evaluation’ shall be connected as intended in the end product. The
output to the dircuit under evaluation shallbe connected to a variable resistance load. If the[source under
evaluation hag multiple outputs, the outputs are to be evaluated individually with all other putputs open-
circuited. The |variable resistance load oh the output under test shall then be adjusted from ppen circuit to
short circuit urftil an available currentof 8 A, or 150/V amps for circuits operating between 30 60 Vdc, can
be obtained and sustained for.one minute of operation. If this level of current cannot be sustained for one
minute under any condition ,ofload, the test shall be discontinued.

50.3 When 4 secondary fuse or similar device is used to limit the output current, it shall be rated as
indicated in Table 80x1" Any value may be used for the primary fuse; however, the maximum available
output current|levels shall be maintained. A fuse replacement marking (voltage and current rating) shall be
provided adjacentto any fuse relied upon to limit the output current level _per 73A 4 12

50.4 When a fixed impedance or regulating network is used to limit the voltage and/or current, it shall
limit the voltage and current accordingly under any single component fault condition.

Table 50.1
Output limiting secondary fuse

Open circuit potential, V., or DC Maximum fuse rating, amps

0-20 5.0
>20 - 60 100/V peq OF DC
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51 Determination of Limiting Impedance Circuit Status

51.1 When evaluated per 51.2 — 51.4, a circuit is considered a limiting impedance when the maximum
power able to be delivered from the circuit does not exceed 15 W under any condition of load, including
short circuit, measured after one minute of operation.

51.2 The input to the source under evaluation shall be connected as intended in the end product. The
output to the circuit under evaluation shall be connected to a variable resistance load. If the source under
evaluation has multiple outputs, the outputs are to be evaluated individually with all other outputs open-
circuited, or minimally loaded if required for circuit operation. The variable resistance load on the output
under test shall then be adjusted from open circuit to short circuit to determine if available power output
above 15 W can be obtained and sustained for one minute of operation. If 15W cannot be sustained for

one minute
permitted to

51.3 If the

Standard for
Capacitors fo
14, the test sh
greater outpd

applied, and then the variable resistance load shall be adjusted from’open to short circuit g

51.2.

51.4 During
component in
component W
additional tim
same, or a dif]

51.5 |If there
smoke, disco
component sk

52 Temperature Test

52.1
Voltage-Withg

Exception: A

!

fail

Equipment shall exhibit no visual indication of combustion and shall comply with

nder any condition of load, the test shall be discontinued. No circuit €0
(open or short) during this test.

Circuit consists of other than a single resistor or a capacitor known to co
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectiehal Spec
Electromagnetic Interference Suppression and Connection to.the Supply Ma
all be repeated under any single component fault condition within the circuit il
t power availability, in accordance with 51.4 and 51.5(The fault conditior]

the single fault condition test of 51.3, the opening of a circuit fuse (or a
fended to open under fault conditions) is permitted. If the test is disrupted by th
hose primary function is not to open under fault conditions, the test shall bg
es, with a new sample under the same fault condition. Test disruption by ¢
ferent, component during these repeated tests is permitted.

is any indication of overheating during the single fault test of 51.3 and 51.4

all be subject to the Component Breakdown Test, Section 66.

tand Test,<Section 56 after the Temperature Test described in this Section.

luorescent emergency luminaire or exit fixture that is temperature test exempt

mponents are

mply with the
fication: Fixed
ns, UL 60384-
ely to result in
shall first be
s described in

similar limiting
e opening of a
repeated two
pening of the

such as odor,

oration, glowing, crackingymelting, or changes in circuit current through the fault), the same

the Dielectric

in accordance

with the Stan

ard for L uminaires [Jl 1598 need not bhe Quh}inr‘fprl to the Tpmpprnhlrp Test.

52.2 Equipment subject to the Temperature Test shall exhibit no temperature greater than that indicated
in Table 52.1.

52.3 Tests are to be conducted at an ambient temperature of 25 +5°C (77 +9°F) except equipment
marked for use above 30°C (86°F) ambient shall be tested at 5°C (9°F) above its maximum rated ambient.
An emergency battery pack or open type device shall be tested in a 55°C (131°F) ambient, or higher if so
rated.

52.4 Temperature readings may be obtained by thermocouples, and a temperature is considered to be
constant when three successive readings, taken at intervals of 10 percent of the previously elapsed
duration of the test but no less than 10-minute intervals, indicate no change.
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52.5 Ordinarily, the method of measuring the temperature of a coil or winding is the resistance method,
but temperature measurements by either the thermocouple or resistance method can be used.

Exception: The thermocouple method is not to be used for a temperature measurement at any point at
which supplementary insulation is used.

52.6 The thermocouple method consists of the determination of temperature by the application of
thermocouples to the hottest accessible parts.

52.7 Thermocouples are to consist of wires no larger than 24 AWG (0.21 mm?) and no smaller than 30
AWG (0.05 mm?). It is the standard practice to use thermocouples consisting of 30 AWG iron and
constantan wires and a potentiometer-type indicating instrument; such equipment is to be used whenever

referee tempgrature measurements with thermocouples are necessary. The thermocouple wire shall
comply with the requirements for Special Tolerances thermocouples as listed in the Tolerances on Initial
Values of EMI versus Temperature tables in the Standard Specification and Température-{Electromotive
Force (emf) Tgbles for Standardized Thermocouples, ANSI/ASTM E230/E230M.
Table 52.1
Maximum temperature
Materials and component parts °Cc (°F)

1. Rubber or thefmoplastic insulation 60° (1402)

2. Any point on g selenium rectifier 75° (1672)

3. Assilicon rectiffer 1002 (212?)

4. Field-wiring terminals® 75 (167)

5. Supply wire c¢nnections 60f (140"

6. Varnished-cloth insulation 85 (185)

7. Surfaces adjafpent to or upon which the unit may be'mounted in service 90 (194)

8. Fuse clips with dummy fuse installed 55 (131)

9. Fuse clip with|rated fuse installed 110 (230)

10. Fiber used ap electrical insulation 90 (194)

11. Wood or othgr combustible material 90 (194)

12. Class 105 ingulation systems-on windings of relays, solenoids, and the like 90° (194°)

13. Transformerfenclosuré 90 (194)

14. Contacts 90 (194)

15. Connecting gtraps 90 (194)

16. Class 130 insulation systems on windings of relays, solenoids, and the like 110°¢ (230°)

17. Phenolic composition used as electrical insulation 1502 (302?)

18. On the embedding material of resistors 325 (617)

19. On bare resistor material 400 (752)

20. Capacitors Rated temperature limit

21. Sealing compound d (d)

22. Polymeric material used for enclosure or structural parts e (e)

23. Other components g (9)

@ This limitation does not apply to an insulated conductor, a rectifier, or a material that has been investigated and is found effective

for a higher temperature.

Table 52.1 Continued on Next Page
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Table 52.1 Continued

Materials and component parts °C (°F)

® The temperature on a wiring terminal or lug is measured at the point most likely to be contacted by the insulation of a conductor
installed as in actual service.

©10°C (18°F) higher in coil insulation if measured by the resistance method.

9 Unless a thermosetting material, the maximum sealing compound temperature, when corrected to a 25°C (77°F) ambient
temperature, is 15°C (27°F) less than the softening point of the compound as determined in the Test Method for Softening Point by
Ring-and-Ball Apparatus, ASTM E28-1992.

¢ The maximum temperature of a polymeric material, when corrected to a 25°C ambient temperature, shall not exceed the
temperature index specified in 10.2.1(b).

fUnless the equipment is marked for use with 75°C or 90°C supply wire.
9See.5.3 and 54-

52.8 The temperature rise of a winding by the change of resistance method is to be‘calcylated from the
formula (windjngs are to be at room temperature at the start of the test):

R
At = 7(k+11)_(k+t2)

in which:
At is the temperature rise;
R is the resistance of the coil at the end of the test;
r is thg resistance of the coil at the beginning:ef the test;
t, is the room temperature (°C) at the beginning of the test;
t, is the room temperature (°C) at the end of the test; and

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Valuek of k for other
grades must be determined.

52.9 Ifitis necessary to de-energize the winding before measuring R, the value of R at shytdown may be
determined by taking several resistance measurements at short intervals, beginning as quickly as possible
after the instant of shutdewn. A curve of resistance values and the time may be plotted and ¢xtrapolated to
give the valug of Ratishutdown.

52.10 To determire—ifa—unit uunlp“ca with—the |c\4u;|clllc| ts—ih ﬁ, itHs—tobe—connected to a SUpply
circuit of rated voltage (and, if 45.2.2 is applicable, rated current / wattage) and frequency and operated
continuously, under representative intended service conditions that are likely to produce the highest
temperature, until constant temperatures are attained. Conditions of operation are indicated in 52.11 —

I 52.17 for some items of equipment. Other items and items having features not incorporated in these
procedures may be tested as necessary to meet the intent of these requirements.

52.11 Battery charging equipment and a unit provided with storage batteries and a battery charger are to
be tested with discharged batteries as described in 45.4 such that the charging circuit will deliver the
maximum charging current to the battery until temperatures reach a maximum and begin to decrease.
Testing is to commence within one minute after the 24-hour battery discharge in accordance with 48.6(h),
or within one minute after actuation of a low-voltage disconnect circuit, whichever occurs first. A dual-rate
charger is to be operated at both the high rate and the trickle charge rate unless the test at one rate is
representative of a test at the other. When the temperature of a coil or winding is measured by the
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resistance method, the resistance R specified in 52.8 is to be measured with the coil at its peak
temperature. The maximum (peak) temperature is not to exceed the values specified in Table 52.1.

Exception: The maximum (peak) temperature may exceed the values specified in Table 52.1 if the
equivalent continuous normal use temperature determined in accordance with 52.12 does not exceed the
values specified in Table 52.1.

52.11.1 An integral or separate battery management system that de-activates lithium battery charging
during this test is permitted to remain operable when shown to comply with the safety-related electronic
circuit (SREC) requirements of UL 8750 Supplement SA, or a comparable reliability program. A battery
management system not known to comply with the UL 8750 SREC (or comparable) requirements is to be
bypassed when determining compliance with 52.11.

52.12 With rg¢gard to the Exception to 52.11, the equivalent, continuous, normal-use temp%‘ature is to be
determined aq follows. The graph of the temperature plotted against time from the start of the test until a
stabilized conglition has been established is to be obtained, and the area under the*curve oyer the period
of time, t; mindis t,, is to be determined. Figure 52.1 shows to as the time when.the graph first crosses the
line, T1, and {s as the time when a stabilized temperature is obtained. [T\ represents thg¢ temperature
index or the tgmperature acceptable for the material, component, or the insulation system in|question. For
example, for g Class 105 transformer insulation system, T1 is 65°C (117°F) plus the ambier(t temperature
in which measurements were made.] The area under the curve, diyidéd by the period of time (t; minus t,),
will yield the|equivalent, continuous, normal-use temperature) The area under the clirve may be
determined mathematically (Simpson's Rule), graphically, or by using a planimeter.

Figure 52.1

Determination of the equivalent, continuous, normal-use temperature

Stabilized
Temperature

Equivalent
Temperature

T1 ———‘

TEMPERATURE, F°

to ts
TIME (£
SM686A
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52.13 A distribution panel of a central battery station is to be tested with each branch circuit carrying
rated current.

52.14 A separate, automatic-control relay is to be tested with the operating circuit connected to a supply
circuit of rated voltage and frequency and with the load circuit carrying rated current. Tests are to be made
with the relay in both the normal and emergency positions unless the test in one position is representative
of a test in the other position. An automatic control relay that is provided as part of a power supply or a unit
equipment is to be tested as part of that equipment.

52.15 Equipment incorporating a simple reactance ballast and lamps with integral starters shall
additionally be tested with the starter short-circuited, under which condition the equipment shall maintain
compliance with item 7 of Table 52.1.

52.16 For a
tubing, or an
regular fuse.

52.17 Exit ¢
surface shall
of UL 1598. ]
73A.3.12.

53 Overvolf

53.1 The ng
operating coil
of the rated v¢

53.2 To det
complies with
intended ope
constant temy

54 Underva

54.1 Startin
1-1/2 hours. ]

percent of the¢ minimum rated voltage [per 73A.2.1(a)(1)] for 168 hours or for the time sy

manufacturer

device using a fuseholder for emergency branch circuit protection, a-copp
equivalent material with negligible impedance is to be used during(the teg

gns and luminaires intended for installation wholly or partially_recessed into
be tested in accordance with the applicable Type IC or Type non-IC normal te
[he abnormal temperature test is not required. Such equipment shall also &

age Withstand Test

rmal supply voltage sensing circuit andythe charging circuit of equipment
Itage continuously without visual indication of damage.

ermine if the normal supply voltage sensing circuit and the charging circuit
the requirement in 53.1, thejequipment is to be subjected to the increased
rating conditions, until the*operating coil and the charging circuit compo
erature as defined by 52.4.

Itage Recharge Capability Test

j with a fully=charged battery, the equipment is to be discharged at maximum
he batteny is then to be recharged with the input voltage to the equipment

forthe maximum charge condition, whichever is less. If the equipment is p

er bar, copper
t instead of a

the mounting
mperature test
e marked per

including the

of a solenoid or magnetically-operated switch, shall be capable of withstanding 110 percent

of equipment
voltage, under
hents attain a

rated load for
adjusted to 85
ecified by the
rovided with a

{£78

Hoatta anarata ot maara thaonm OB ~arannt ha-miainas
T TG T TotT

normal supply-v&

Ao-canola-alAkH ata ot omara thaon OF P
voTtayg T STrisiyg o ou-sC o opTiatCarmorctalr oo pCroTrito

rated voltage,

the input voltage shall be adjusted to the voltage just above the point at which the unit transfers to the
emergency mode. The battery shall then be discharged for 1 hour at maximum rated load. At the end of
one hour, the battery terminal voltage shall be no less than 87.5 percent of nominal battery voltage or,
where lumen output measurements are used, the lumen output shall be no less than 60 percent of the
initial level measured under 48.6(c).

54.2 Equipment that is rated for use below 20°C (68°F) shall be subject to testing per this section while
maintained in an ambient 5°C (9°F) lower than that rating. Equipment that is rated for use above 30°C
(86°F) shall be subject to testing per this section while maintained at an ambient 5°C higher than that
rating. Equipment for use in from 20° — 30°C (68 — 86°F) shall be tested in a 25°C (77°F) ambient.
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55 Voltage Surge Test

55.1 Equipment conductively connected to a branch circuit and containing a solid-state component or
device such as a diode, a transistor, an integrated circuit, an electroluminescent lamp, and the like shall be
subjected to the following conditions. Results for condition a) shall show no tripping of circuit protection, no
risk of fire or electric shock, and the equipment shall be operable at the conclusion of the test. The results
for condition b) may show tripping of circuit protection but with no risk of fire or electric shock.

a) Ten

random applications of a 3-kilovolt surge impulse at 60-second intervals as described in

55.2 and

b) Ten
55.2.

random applications of a 6-kilovolt surge impulse at 60-second intervals as described in

Exception: Cifcuits provided with a surge protective device that complies with the. Stah

Protective De
limiting voltag
components, 1

55.2 A samq
covered with g
sampleistob
conditions is

connected to t
load connecte
kilovolts when

random with rgspect to the phase of the 60-hertz supply voltage.

55.3 Withre
a) The

b) The
Test, S

55.4 The surn

typical surge generator afnd control relay. When there is no load on the generator, the wa

surge is to be

a) Initig

I

rd for Surge
ices, UL 1449, protects the circuit containing solid-state components, and hajs a measured
e or voltage protection rating not higher than the voltage rating of the solid-state
eed not be tested.

le of the equipment is to be placed on a white tissue-paper-covered, softwood surface,
single layer of cheesecloth, and connected to a supply circuit of rated voltage. A separate
e used for tests under conditions 55.1 (a) and (b) unléss the use of the same sample for both
bgreeable to those concerned. The grounding. lead or terminal of the sample is to be
he supply conductor serving as the neutral. The'sample is to be in the "on" condition with no
d. For each application, the surge is to have the specified initial peak amplifude of 3 or 6
applied to the 60-hertz supply to the unit(under test. Each of the ten applications is to be

ard to 55.1, a risk of fire or electric shock is considered to exist if:
is glowing, charring, or ignition of the cheesecloth or tissue paper or

nsulation breaks down when the equipment is subjected to the Dielectric Voltg
bction 56.

ge-Withstand

b 55.2 show a
e form of the

ge generator,is\to have a surge impedance of 50 ohms. Figure 55.1 and Figur
bssentially<as follows:

| rise time, 0.5 microsecond between 10 percent and 90 percent of peak amplifude;

b) The

period of the following oscillatory wave, 10 microseconds; and

¢) Each successive peak, 60 percent of the preceding peak.
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Figure 55.1
Surge generator circuit
+/-
0-9KV
DC R3
O NN\
Sz 3A Ly "LINE” OUTPUT
o0—"c O_\f\_k 9 Y l O — ——
I
| A Ro |
120 V ‘ ‘ g CR-1 I
60 Hz o |
I
‘ 3 | !
o 1:1 e | DEVICE
500 VA 4% UNDER
T | TEST
| T
I
I
I
I
I
GROUND -—o o——f—
NEUTRAL"/
GROUND
SB1292 RELAY
CONTROL
C,=0.025 pF, 14kV
C,=0.02 pF, 104V
C3 =4 pF, 400V
L, = 15 pH [23 tufns, 23:AWG (0.26 mm?) wire, 0.7-inch (17.8-mm) diameter air core]
L, = 70 pH [28 tufns,;'28/AWG (0.26 mm?) wire, 2.6-inch (66.0-mm) diameter air core]
Ry =22 ohms, 1 W;Tompuositiom

R, =12 ohms, 1 W, composition
Rz =1.3M ohms (12 x 110K ohms, 1/2 W)
R4 =47K ohms (10 x 4.7K ohms, 1/2 W)

CR-1 = Relay
Rs =200 ohms, 12 W
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Figure 55.2

Relay control circuit for surge generator

Ry Dy
AMP—9—
sz CR-1
O "
_.
120 V N QRO GATE
60 Hz Ci e SCR1 INPUT
o R3
1:1
50VA
Ry
SB1295
® ®

R; = 10K ohms, 1|W

R, = 1K ohms, 1/4 W,

Rs; = 1K ohms, 1/2 W

Cy=32pF, 250V

D, = IN5060 or equivalent

D, = IN5060 or equivalent

SCR1 = GE C 122B or equivalent

CR-1=Relay GE CR 2790 E 100 A2 or equivalent
T, = Traid N4S X or equivalent
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56 Dielectri

56.1
potential:

¢ Voltage-Withstand Test

a) Between all live parts and the enclosure;

b) Between all live parts and exposed dead-metal parts;

Equipment shall be subjected, for 1 minute, to the application of a 60-hertz essentially sinusoidal

c) Between live parts of isolated circuits operating at different potentials or at different frequencies;

d) Between terminals of a capacitor connected directly across the input AC line prior to a transient
suppressive device, a rectifier or similar network; and

e) Bet

veen terminals of a line-bypass capacitor connected between the line and th

dead-metal parts.

The test potential shall be 500 volts for circuits operating at 50 volts RMS or less; ahd 1000

the maximum
value determi
the output cin
frequency inv
breakdown.

Exception: A
1.414 times ti
maintained fo

56.2 With re
Standard for
Capacitors fo
14, or the Sta

56.3 To com
two circuits.

56.4 To det

under full IoaI

subjected to
criteria. The €

hed by the higher voltage of the different circuits. For an inverter, the test pot
cuit and dead metal shall be based on the highest voltage measured per 7
erter) or 80.2.3 (for a high frequency inverter). Results‘are acceptable if there

Hirect-current potential may be used for an A€ eircuit, and if used, the test pg
e rms value of the alternating-current valtage specified. The direct-current v
I 1 minute without breakdown.

gard to 56.1 (d) and (e), the test-is*not required for a capacitor complying
Fixed Capacitors for Use in Ele€tronic Equipment — Part 14: Sectional Spec
Electromagnetic Interference-Suppression and Connection to the Supply Ma
hdard for Electromagneticnterference Filters, UL 1283.

ply with 56.1, it may be necessary to disconnect solid state components inter

rmine if eqiipment complies with the requirements in 56.1 the equipment is
conditiens until stabilized temperatures are achieved. Equipment that has p
he Temperature Test, or equivalent operation, is considered to have met th
quipment need not be at operating temperatures for this test. The equipment

by means of

e enclosure or

olts plus twice

voltage for circuits operating at more than 50 volts RMS. In (c), the test potentjal shall be the

bntial between
8.3 (for a low
s no dielectric

tential is to be
pltage is to be

with either the
fication: Fixed
ns, UL 60384-

connecting the

0 be operated
reviously been
s conditioning
is to be tested

a“500 volt-ampere or larger _transformer, the output voltage of which can &

e varied. The

applied potential is to be increased from zero until the required test value is reached, and is to be held at
that value for 1 minute. The applied potential is to be increased at a uniform rate, as rapidly as consistent
with its value being correctly indicated by the voltmeter.

57 Conformal Coating Test Program |

57.1

57.1.1

General

lieu of full electrical spacings under the conditions specified in Table 37.2.

The following test program shall be used to determine the effectiveness of a conformal coating in
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57.2 Coating on printed-wiring board in lieu of spacings

57.2.1 Three samples of the printed wiring board without electrical components installed, and coated
with the conformal coating, shall be subjected to this test. In each case, the results of the dielectric
voltage-withstand test between tracks on a printed-wiring board should show no peeling of the coating
material due to the conditioning test. Each sample shall be subjected to a 5000-volt, alternating-current
dielectric voltage-withstand test, followed in turn by:

a) A 7-day heating-cooling cycling period, each cycle consisting of 4 hours on at 105°C (221°F)
followed by 4 hours off at 25°C (77°F);

b) A 7-day oven conditioning period of 100°C (212°F);

c) A 7-¢lay humidity conditioning period at 85 percent relative humidity at 65°C (149°F)); and

d) A repeated dielectric voltage-withstand test at 2500-volts alternating current.

58 Conformpl Coating Test Program Il

58.1 General
58.1.1 The fpllowing test program shall be used when investigating conformal coating for compliance
with Table 37.2.
58.2 Samplégs
58.2.1 Eightjsamples of the printed wiring board without electrical components installed, and coated with

the conformal

coating, shall be used for the tests’described in 58.3.1 — 58.5.2. Test les

attached to thg printed wiring so as to allow for convenient application of specified test potent

58.3 Room ambient conditioning

58.3.1 Four
percent relatiy
shall be subjg
smooth, homd
visual examin
withstand test

Epecimens shall be exposed to ambient air at a temperature of 25 +5°C (77 19
e humidity for no-less than 24 hours. Following room ambient conditioning,
cted to the diglectric voltage-withstand test described in 58.5.1. All specin
geneous, and. free of heat deformation such as bubbles and pin holes, as ¢
ption. Therershall be no indication of dielectric breakdown during the dielg

ds are to be
ial.

°F) and 50 £5
four samples
hens shall be
etermined by
ctric voltage-

58.4 Thermarl conditioning

58.4.1

Four samples shall be exposed to ambient air at a temperature selected from the applicable curve

shown in Figure 58.1, according to the operating temperature in service of the coating. It is recommended
that the temperature selected from the appropriate curve correspond to no less than 1000 hours of
exposure. However, any value of temperature may be selected provided it corresponds to no fewer than
300 hours of exposure. The samples are then to be subjected to the dielectric voltage-withstand test. All
specimens shall be smooth, homogeneous, and free of defects such as bubbles and pin holes, as
determined by visual examination. Results should show no crazing, cracking, chipping, or other visual
evidence of deterioration after conditioning nor a dielectric breakdown.
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Figure 58.1

Aging time versus aging temperature
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58.5 Dielect

58.5.1
wiring board p

ric voltage-withstand test for conformal coating

aths of opposite polarity.

Each sample shall be subjected to a 500 volt alternating-current potential applied between printed

58.5.2 Starting at zero, the test potential is to be gradually increased to the maximum voltage of 500
volts and maintained at that level for 1 minute. Results should show no dielectric breakdown.

59 Strain Relief Test

59.1

59.1.1
power supply
acceptable if t

a stress would

59.2 Strain

59.2.1
construction o

60 Conduct

60.1 Internal

integral conne
most represer
mating plug/re

Exception: If t

the lesser of 2
The force required to disengage the mating plug and receptacle shall be the largest measu

three indepen
61 Overtinn
61.1 Overtin

hinged cover,
Following the

A strd

A fordg

General

in relief means shall be tested by removing or severing the electrical conn
cord within the unit and then applying the force specified in 59.2.1. The strain
nere is no insulation damage and no movement of the conductors of thecord
have been transmitted to the connections.

e of 35 pounds(156 N) is to be applied to the power/supply cord from any
the equipment permits. The force is to be maintained for one minute.

br Secureness Test

ctor, a direct pull of 20 pounds (89 N)ifer one minute. The direction shall be
tative of the strain to which the wire’ will be subjected in the equipment. H
ceptacle assembly shall be tested\separately.

he wire terminates in a mating plug/receptacle assembly, the pulling force ap
0 pounds or 150 percent.of the force required to disengage the mating plug a

ent plug/receptaeleassembly samples.

pd Wire Flexibility Test

ned stranded wire used as a lead wire to an adjustable lamphead or to a part
as.described in 19.1.6, shall be subjected to the mechanical cycling test desq

pctions of the
elief means is
ndicating that

bngle that the

wiring as specified in 19.5.1 shall withstand, without damage or detachment from an

that which is
ach half of a

plied shall be
nd receptacle.
red force from

mounted on a
ribed in 61.2.

Mechanical cycling, there shall be no insulation breakdown when a dielectric

withstand test

(as described in 56.1) is conducted between adjacent conductors and between the conductors and any
adjacent conductive surfaces.

61.2 With the product assembled as intended, an adjustable lampholder and/or a hinged cover shall be
subjected to 500 mechanical cycles through the full range of motion permitted by the construction. Any
restraints, such as an end-stop or chain, are to remain in place and may be used to define the limits of
motion.

62 Bonding Conductor Test

62.1 A bonding conductor that does not comply with the requirements in 21.7 (a) or (b) is acceptable if,
using separate samples for each test, neither the bonding conductor nor the connection opens when:
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a) Carrying currents equal to 135 and 200 percent of the rating or setting of the intended branch-
circuit overcurrent-protective device for the times specified in Table 62.1 and

b) Three samples are subjected to the Limited-Short-Circuit Test using a test current as specified in
Table 62.2 while connected in series with a nonrenewable fuse having a rating equal to the
intended branch-circuit overcurrent-protective device.

Exception: If a fuse smaller than that indicated in (a) and (b) is used in the unit for protection of the circuit
fo which the bonding conductor is connected, the magnitude of the test current and size of fuse used
during the test may be based on the rating of the smaller fuse.

Table-621
Duration of overcurrent test

Rating or setting of branch-circuit Test time, minutes

overcurreTt protective device,
amperes 135 percent of current 200percent of current
0-30 60 2
31-60 60 4
61-100 120 6
101 — 200 120 8
Table 62.2
Circuit capacity for bonding conductor short-circuit test
Rating of unit, volt-amperes Capacity df test circuit,
Singlephase 3-phase Volts amperes
0-1176 0-832 0-250 P00
0-1176 0-832 251-600 1000
1177 41920 833 — 1496 0-600 1000
1921 {4080 1497 — 3990 0-250 2000
40819600 3991 -9145 0-250 3500
9601 of more 9146 or more 0-250 5000
1921 of more 1497 or more 251-600 5000

63 Grounding Continuity Test

ehng-eontingily between the

631 T d t,— roatna aapanlionaa aathh 04 2 na-comnla o ta bha + tod for ~rayin
B O delermme COMTTPTTIarTCC Wit Z T, OTC- Saripic 1S tTU 0T tT SICUTOTgroa

grounding means and any accessible dead metal required to be grounded.

63.2 Any indicating instrument may be used to determine compliance with 63.1. However, if results are
unacceptable, a minimum, 25-amp alternating- or direct-current from a power supply of not more than 12
volts is to be passed from the equipment grounding means point of connection to the test point in the
grounding circuit. The resulting drop in voltage is to be measured between the two points. The resistance
in ohms is to be calculated by dividing the drop in potential (in volts) by the current (in amperes). The
results comply if the resistance does not exceed 0.1 ohm.

64 Security of Knockout Test

64.1 To determine compliance with the requirements specified in 17.6.3, a knockout in an enclosure

made of metal or a polymeric material shall comply with the requirement in 64.3 when tested as described
in 64.2.
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64.2 A force of 10 pounds (44.5 N) is to be gradually applied and maintained for 1 minute perpendicular
to the plane of the enclosure surface in which the knockout is located. The flat end of a metal rod 1/4 inch
(6.4 mm) in diameter is to be pressed against the knockout from the outside surface at the point(s)
considered most likely to provide separation of the knockout from the enclosure.

64.3 Test results are acceptable if the knockout does not separate more than 1/16 inch (1.6 mm) from
the enclosure.

65 Swivel Torsion and Pull Test

65.1 A lamphead swivel joint, as described in 14.5, shall be tightened in accordance with the
manufacturer's installation instructions and subjected to each of the following for one minute:

a) A torsion of 20 £0.5 Ib-in (2.26 £0.56 N-m) and

b) A stifaight pull of 35 pounds (16 kg).

There shall beg no visible damage to the lamphead, mounting means, or conductor insulatior| as a result of
the test. Remgval of the lamphead from the mounting means during the straight pull test iq acceptable if
the lamphead|can be reinstalled without tools and without damage. Mevement of the lampgholder during
the torsion test is acceptable if the lamphead can subsequently be returned and tightened fo its intended
position.

66 Compongnt Breakdown Test

66.1 Generdl

66.1.1 To defermine compliance with 23.1, components of emergency and auxiliary lighting and power
equipment that are not known to be reliable and)whose failure could result in a risk of fire or electric shock
shall be subje¢ted to the tests of this section!

66.1.2 With feference to the requirement in 66.1.3, a risk of fire or electric shock is consid¢red to exist if
any of the folldwing occur:

—_

a) Glowing, charring, ar flaming of the cheesecloth or tissue paper as specified in 66.2.1;
b) Opehing of the 8=ampere fuse specified in 66.2.2;

c) Emigsionofflame, sparks, or molten metal from the enclosure;

d) Devnlnlnmnnf of an npnning in the overall enclosure that exposes live parts. inv Ving a risk of
electric shock to contact by persons (see 8.2.1); or

e) Loss of structural integrity to a degree that the equipment collapses or experiences such
displacement of parts that may lead to short-circuiting or grounding of live parts.

66.1.3 The circuit between any two terminals of the component under test shall be opened or shorted.
Only one fault condition is to be imposed at one time. For a multi-terminal device, only two terminals are to
be short-circuited at a time. Simulated circuits may be used, but if the tests performed on simulated circuits
indicate likely damage to other parts of the equipment the test shall be repeated on the equipment.

66.1.4 Each testis to be conducted on a separate sample unless it is agreeable to those concerned that
more than one test be conducted on the same sample.
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66.1.5 A part of equipment that is subject to removal during routine operation or maintenance is to be
omitted if it will result in a more severe test, and the part is:

a) Not
b) Not

c) Not

necessary for the functioning of the equipment;
exposed to view during intended operation; and

secured with a positive means of latching, as described in 8.6.2.

66.2 General test conditions

66.2.1
paper if ther

ara-anv haottom oneninas—A_cinala lavar of chaasacloth-is ta bha draned lo
aFe8—ay—PeHo—-BpeRgS— —SiRgie—1aye—o+6h H—S—to0—Be—aiapPea—

During these tests, the sample is to be placed on a softwood surface covered with white tissue

osely over the

device or ove

Exception: Fd
represent any
any convenie
diameter.

66.2.2 Durin
through a 3-a

66.2.3 The
percent of th
correspond W
shall be used

all ventilating openings.

r an open type device, the cheesecloth is permitted to be draped overla wire
installation spacing specified in the installation instructions. See(74.9. The
nt diameter provided that the opening between parallel wires is no less than

g each test, exposed dead-metal parts of the sample/are to be connected {¢
mpere, nontime-delay fuse.

Eupply circuit is to have branch circuit overcurrent protection, the size of whi
e input current rating (20-ampere minimum), except that where this va
ith the standard rating of a fuse or a circuit*breaker, the next higher standarg

The test voltage and frequency are to.be adjusted to the values specified in 4%.2

cage sized to
wire can be of
twice the wire

earth ground

ch equals 125
lue does not
| device rating
2.

Exception: If § marking on the product indicates,the use of branch circuit protection exceeding 125 percent

of the input c(

66.2.4 A fus
marked in ag
accessible or]
overcurrent p
circuit.

66.2.5 Each
following resy

rrent, such protection shall be, used.

e that may be replaced_during routine maintenance is to be effectively dg
cordance with 73A4.12. A fuse that is soldered in place, or is located
ly to qualified service personnel, and marked in accordance with 73A.4.12,
rotective device not subject to replacement during routine maintenance may

component fault condition test is to be conducted for 7 hours or until one
Its are.observed:

feated unless
such that it is
and any other
be left in the

br more of the

a) An
b) The

c) The

of theconditions Toted T 66-1-2:
branch-circuit fuse opens.

equipment protective device opens.

d) Any other circuit component opens.

e) A minimum of one hour elapses, circuit conditions stabilize, and there is no further evidence of
overheating of parts.

66.2.6 The overheating of parts referred to in 66.2.5(e) shall be detected by direct temperature
measurement or by an indicator such as an odor, smoke, discoloration, cracking of materials, charring,
flaming, glowing, arcing, changes in circuit current through the applied fault, or any similar phenomenon.
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66.2.7 If a fault condition is terminated by opening of a circuit component as specified in
test is to be conducted two more times using new components for each test. If the same com

66.2.5(d), the
ponent opens

on three consecutive tests, without incurring any of the conditions noted in 66.1.2, the results for that

component fault are considered acceptable.
67 Humidity Conditioning Test

67.1

After conditioning as described in 67.2, an electroluminescent exit fixture or exit light shall:

a) Continue to operate in the intended manner. An exit light shall comply with the Normal Operation

Test, Section 47, in both the normal ac and emergency modes of operation.

b) Hav
visual

burn m
the ins
of strug

xamination. Damage includes conditions such as smoking, burning, or melting
arks as a result of insulation breakdown between parts of opposite polarity; Sug
Llating sheets of the electroluminescent lamp panel; cracking, deformation, or|
tural parts that may lead to a risk of fire, electric shock, injury to persons, or
visibility.

c) Con
and ex

ply with the Dielectric Voltage-Withstand Test, Section 56,4conducted betwee
bosed dead-metal parts as described in 56.1 — 56.4.

67.2 Two samples are to be tested. One sample is to be conditioned unenergized and the
conditioned winile energized at rated voltage. The samples are-to-be conditioned for 240 hou
percent relativie humidity at 65.0 £2.0°C (149 +3.6°F). An exit'light sample that is to be con
energized is tp be operated with the lamps on during:the’conditioning. If the lamps are ¢

jetermined by

of insulation,
h as between
displacement
unacceptable

h all live parts

other is to be
s at 95 to 100
ditioned while
n in both the

normal AC andl emergency operating modes, the sample'is to be operated in the normal AC mode.

68 Impact Test

68.1 Each of{three samples of a floor-proximity exit sign shall be subjected to a single impa
on the face of the sign. If the manufacturer so elects, fewer samples may be used in ac
Figure 68.1. The points selected are' to be such that the impacts produce the most advers
samples are tp be mounted or otherwise restrained in a manner representative of the moq

ct at any point
cordance with
b results. The
t unfavorable

condition of infended installation./The impact is to be produced by a solid, smooth steel sphere, 2 inches

(50.8 mm) in diameter and weighing 1.18 pounds (0.54 kg). The steel sphere is to be suspen
and swung ag a pendulum; dropping through the vertical distance necessary to cause i
surface with the required impact. The impact force is to be 5 foot-pounds (6.8 N-m). The
Impact Test afe aceeptable if there is no cracking, breakage, or detachment of the sign fag
diffuser, the light source (lamp envelope) the Iegend or a dlrectlonal indicator, if proy

ded by a cord
to strike the
results of the
e, the lens or
ided, and no

breakage of the_me
to illuminate (due to breakage of the filament, for example) is acceptable. In a self—lummous
cracking of the glow tubes (containers of the radioactive material) is not acceptable.

ilure of lamps
exit sign, any
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Figure 68.1

Procedure for impact test

Sample Number

Series
Num—
ber 1 2 3 12 3 12 3 1 2 3
1 A N N A N N A N N A N N
| | N N
Y v \ A
2 A N N A N N U A N U A N
3 A N N Uu A N A N u A
Arrows indicate sequence of test, procedure
A — Acceptable results from drop
U — Unacceptable results from drop
N — No test necessary
SA1162

69 Mechanical Support Static Load Test

69.1 A polymeric part relied upon to-stspend a part weighing more than 2 Ibs (0.9 kg),
with 10.3.2 s

in accordance
hall be installed as intended on or in the equipment. The equipment shall e placed in a

chamber mai
the normal te

one hour. A w

the supportin

weight shall 1

cool, and the

ntained at 10°C above the maximum temperature measured on the supporti
mperature test. The part shall be allowed to acclimate to the temperature in th
eight equal to four times the weight of the suspended part shall then be gradd
j part, distributed evenly and in the same direction as the actual suspended
e maintained for one minute. The weight shall then be removed, the equipm
supporting part examined for signs of distortion. The part shall exhibit no visy

ng part during
e chamber for
ally applied to

part. The full
ent allowed to
al evidence of

distortion.

70 Barrier Strength Test

70.1 A barrier employed for compliance with 10.4.1(c) or 39.4.2 shall be subjected to a steady pushing
force of 10 Ibs (44.5 N) for one minute, evenly applied over an area of 1 square inch (6.45 cm?). The force
shall be applied from any direction in which the part serves as a barrier, and at the location(s) most likely to
result in breaking, cracking, or displacement of the barrier. If more than one location or direction requires
testing, a separate sample shall be used unless all parties agree to performing the tests on a single
sample.

70.2 The test of 70.1 shall not result in permanent distortion of a metal barrier, temporary displacement
of a metal barrier that results in a reduction in spacings, or breaking or cracking of a glass, porcelain, or
polymeric barrier. Permanent or temporary distortion of a polymeric barrier is acceptable if parts required
to be inaccessible continue to be inaccessible as specified in 39.3.1 both during and after the application
of the force.
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70A Mounting Means Test

70A.1 To determine compliance with 11.2, the equipment is to be mounted in accordance with the
instructions, using the hardware provided, and adjusted (if adjustable) to the position that results in the
most severe test. A weight of three times the weight of the equipment is to be gradually applied at a
location placing the maximum stress on the mounting means and hardware, and maintained for 1 h.
Neither the equipment nor any of the mounting hardware shall be pulled from the mounting surface.

RATINGS

71 General

72 Standby
72.1 Deleted
MARKINGS

73 General

73A Markings

73A.1 Gene

73A.1.1 Equ
with:

a) The
respon
equipni
code,

b) A dis

Operation

ral

c) The

electrical ratings; and

Section 71 deleted

Section 73 deleted

manufacturer's name; trademark, or other descriptive marking by which the
sible for the equipment may be identified. If a manufacturer produces
ent at more than one factory, each unit shall have a distinctive marking, wh
y which itmay be identified as the product of a particular factory;

tinctive.catalog number or the equivalent;

pment shall be permanently marked, where the marking will be visible aft¢r installation,

organization
br assembles
ch may be in

d) The date or other dating period of manufacture not exceeding any three consecutive months.
The date of manufacture may be abbreviated, or in a nationally-accepted conventional code, orin a
code affirmed by the manufacturer, provided that the code does not repeat in less than 20 years
and does not require reference to the production records of the manufacturer to determine when
the unit was manufactured.

73A.1.2 With regards to 73A.1.1, the forms of markings considered to be permanent include:

a) Molded and die-stamped;

b) Stamped or etched metal that is permanently secured;
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c) Indelibly-printed, pressure-sensitive labels secured by adhesive that, upon investigation, is found

to comply with the Standard for Marking and Labeling Systems, UL 969, and is rated
surface and temperatures of the surface to which it is affixed; and

for the type of

d) Painted, stencilled, and ink stamping determined to comply with the Legibility Test of the

Standard for Marking and Labeling Systems, UL 969.

73A.1.3 Markings are to be visible after installation unless specified as not on the equipment or specified
as visible during installation. A marking that becomes visible when a cover or similar part is opened or
removed, without disassembling or removing a component or device, is considered visible after

installation.

73A.1.4 Unl
(1.6 mm) in K
mm) in heighf]

BSS a larger siZe IS specilied, all required markings shall be in letters not 1ess
eight. The word "CAUTION", where required, shall be in letters not lessrthat

73A.1.5 Ma
equivalent mq

kings in quotations (“ ) are to be used verbatim; for other markings, text th
aning and clarity is permitted.

73A.1.6 Boj
emergency sy
mm) high. Th
to be supplied
When provide

es and enclosures of emergency equipment shall be jdentified as a com
stem. The marking shall state EMERGENCY CIRCUITS in block letters at lea

as a separate, field-installable label when instrugtions are provided in accorda
d as a separate label, the label shall comply with)73A.1.2(c).

Note: This marking is to facilitate equipment approval in accordance Wwith NEC Article 700 requirements for emerge
identification. It dpes not apply to equipment that is clearly understoead as integral to the emergency lighting or powg
emergency luminaires, exit signs, emergency battery packs, remote lamp assemblies, and unit equipment.

73A.1.7 Profduct markings, instruction mantals, or other media shall not claim that the ¢
used in any why that conflicts with the markings and instructions specified in this standard.

73A.1.8 Auxiliary power and light equipment shall be marked NOTICE — This equipment
evaluated for compliance with Article 700 of the National Electrical Code, ANSI/NFPA 70.

73A.1.9 A directly controlled emergency luminaire evaluated and found to comply with
requirements |of this standard is permitted to be marked “directly controlled emergency lun
equipment, packaging, or literature.

han 1/16 inch
n 1/8 inch (3.2

bt provides for

ponent of the
5t 1/4 inch (6.4

e marking shall be on a red background and in a contrasting color. The marking is permitted

nce with 76.6.

ncy system wiring
r system, such as

roduct can be

has not been

the applicable
hinaire” on the

73A.2 Ratings

73A.2.1  For each input supply circuit, the following electrical ratings shall be marked:
1) Input voltage;
2) Frequency (Hz) or DC;

3) Maximum input expressed in:

i) Either amperes or watts for equipment having a power factor of 0.9 to 1.0;

ii) Either amperes or both watts and power factor for equipment having a power factor less

than 0.9. The power factor shall be lagging unless marked leading; and

4) The number of phases or wires (if other than single phase).
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Exception: Incandescent lamp luminaires and exit signs directly connected to the supply source, without a
transformer or a step down circuit, need only be rated for voltage.

73A.2.2 For each output circuit, the following electrical ratings shall be marked. Equipment with multiple
identically-rated outputs is permitted to use a single marking such as “Each outputrated A,  V”, or
similar and as required by (1) or (2) below, with the marking located where readily understood to apply to
all output terminals or connections.

1) Direct Current Output Circuits:
i) The maximum output current or wattage;

ii) The nominal system voltage and "DC."

2) AIterInating Current Output Circuits:

i) The maximum current or volt-ampere (VA) output. Low frequency inverters jshall be rated

in amperes or kW output at unity power factor;
i) The nominal system voltage and frequency (Hz);
iii) The permissible load power factor range expressed,in both lead and lag;

Exception: The permissible specific load types (tungsten, ballast, motor) shall be marked for

automatic load control relays and ELCDs supplying remote loads.

iv) The number of phases or wires (if other than single phase).

NOTE 1: Output dircuits limited to class 2 levels (see 4.8) are permitted to be identified as class 2, to facilitate acceg
wiring methods. The maximum voltage and current of these outputs, along with their AC or DC designation, is s
marked.

ptance of class 2
ill required to be

NOTE 2: Relays i
load type. See UL

htended to control LED drivers and-similar electronic power supplies are most closely characteriz
508 (Standard for Industrial Control Equipment), Table 48.1, footnote k.

ed by the ballast

marked with
i.e., xx—25C

73A.2.3 Equlpment marked for.an extended ambient per 73A.2.5 is permitted to be
separate outplit current or wattage ratings for ambient temperatures below and above 25°C
and 25 C —yy], where 'xx' and-yy' are the lowest and highest marked temperatures.

73A.2.4 Batt

bry-operated emergency lighting and power equipment may be provided w

ith a standby

electrical inpu

ratingexpressed in amperes, watts, or both, to indicate the electrical consu

mption under

standby opertlng conditions. The standby power consumption marking shall be sepathed from the
electrical ratm saf 7’%A 21 h\/ ablank line orthe pmu\lnlpnf Seealso 764

73A.2.5 Equipment subjected to the ELCF Test, Section 47, Battery Discharge Test, Section 48,
Temperature Test, Section 52, and Undervoltage Recharge Capability Test, Section 54, as applicable, at
an ambient of other than 25°C (77°F) is permitted to be marked with a rated ambient temperature range in
accordance with the tests conducted. The rating shall be in temperature increments no smaller than 5°C
(9°F).

73A.2.6 Equipment provided with batteries shall be marked to specify the rated operating time in the
emergency mode in multiples of 1/2 hour (30 minutes), but not less than 1-1/2 hours (90 minutes). An
additional marking or separate instructions provided with the equipment shall specify the minimum charge
time required to attain full battery capacity, per 48.7. Equipment marked for an extended ambient per
73A.2.5 and marked with separate output ratings based on ambient temperature, per 73A.2.3, shall also
be marked with separate minimum charge times for ambient temperatures below and above 25°C (i.e., xx
— 25 C and 25 C —yy), where 'xx' and 'yy' are the lowest and highest marked temperatures.
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Exception: This requirement does not apply to auxiliary equipment.

73A.3 Insta

73A.3.1

llation

be marked, where visible during installation, to indicate the intended connections.

Unless the intended wiring connections are evident, installation wiring terminals or leads shall

73A.3.2 Unless unit equipment is provided with an equipment grounding terminal or lead as described in
20.2, it shall be marked, where visible during installation, to limit it to use with a metal enclosed wiring

system.

73A.3.3 Em
minimum wirg

73A.3.4 Fie
other issues,
The marking
after installati

73A.3.5 Unl
position to fu
mounting pos|

73A.3.6 Equ
different volta

a) The

b) The
This marking

73A.3.7 Low
shall be mark
connected to

operation of the combination:"

73A.3.8 An
only shall be

size required for the purpose.

d wiring terminals restricted to copper wire use only, due to available wiring be
shall be marked “CU only” or “Copper wire only” in minimum 3/327n.* (2.4 mr
bhall be located on or adjacent to the affected terminal(s), or at an-alternative |
bn) with the affected terminal(s) identified.

bss the correct mounting position is obvious, equipment that must be mounte
nction properly shall be marked, where visible during installation, to indics
tion.

ipment with an attachment plug that, in accordance with 18.4.1, is adaptable
e than indicated by the attachment plug,.shall be provided with markings to in

correct internal connections for eachvoltage for which the unit is rated and

type of attachment plug to be used on the cord to connect to that voltage.
s permitted to be visible when viewing the applicable internal connections.

-frequency equipment that produces other than an essentially sinusoidal out
ed for use only with specific loads with which it has been tested, or shall be
this equipment_should be evaluated together with this equipment to detq

emergency luminaire intended for installation as an air-handling register for cg
marked "Suitable for use as an air-handling emergency luminaire. Not for use

Air Outlet" or

to indicate the

hding space or
n) high letters.
pcation (visible

d in a specific
te the correct

n the field to a
dicate:

put wave form
narked "Loads
rmine reliable

ol or return air
as a Heated-

dling register

the: pqni\/alpnt An emergency luminaire intended for installation as an air-h

and that has been investigated for use in a 55 C environment is permitted to be marked “Suitable for use
as an air-handling emergency luminaire” or the equivalent.

73A.3.9 Exit signs subjected to the Observation Visibility Test, 43.2, at a viewing distance of less than
100 feet shall be marked, in letters of minimum 1/8 inch (3.2 mm) height, with the following or an
equivalent statement: "Notice — Rated Viewing Distance, __ Feet". The blank shall contain "50" or "75"
in accordance with the viewing distance at which the sign was found to comply with the requirements.

73A.3.10 An exit sign investigated in accordance with the Impact Test, Section 68, for installation near
the floor is permitted to be marked with the following or equivalent wording: "Suitable for floor proximity
installation."

73A.3.11 A directly controlled emergency luminaire whose emergency operation responds to a control
signal input more specific than zero (no input) or non-zero (any input) shall identify the control signal
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generating device(s) with which it has been found suitable. This shall be accomplished with a marking,

such as “For

use only with

(where the blank is to include the manufacturer and model

number(s) of the qualified equipment) or “See (insert URL here) for compatible control equipment”.

73A.3.12 Exit signs and luminaires intended for installation wholly or partially recessed into the mounting
surface, and tested per 52.17, shall be marked “Type IC” or “Type non-IC”, as applicable. The marking
shall be visible during installation.

73A.4 Operation and maintenance

73A.4.1

before which the exit sign is to be replaced.

A self-luminous exit sign shall be marked with the date, expressed in the month and year, on or

73A.4.2 Exp
function. Test

73A.4.3 Ang
specify such f
cycle of opera

73A.4.4 Equ
Corrected" or
marked "High

73A4.5 Equ
the word "CALU

a) "Total connected load (integral and remete) should not exceed output rating."

b) "Do

c) "Do

The blank spg
rating. See 73|

Exception: Th

73A4.6 Equ

bsed components such as meters, pilot lights, and switches shall be identifi
switches shall be marked to indicate how to use or activate the switch, if ot ob

batures. A flashing exit sign shall additionally be marked to_specify the flash
ion.

pment with an input power factor of 0.85 or greater is permitted to be marked '
Power Factor" or "HPF", or the equivalent.

pment with integral loads and provision for connection of remote loads shall b

TION" and one of the following or equivalent:

hot overload. Total Load Max. Remote Load Max

not overload. Total load including integral lamps Max.

ce for total load ifm(b) and (c) is to be filled with a value not exceeding the 1
N2.2.

s markings not required when the equipment remote load outputs are marked

pment having more than one power input source that might present a risk of

ed as to their
Vious.

xit sign that flashes, produces an audible signal, or both shall be‘provided witlh a marking to

rate and duty

Power Factor

the equivalent. Equipment with an input power factor of 0.9 or greater is pe¢rmitted to be

e marked with

narked output

class 2.

electric shock

(see 4.47) sh

blNbe marked "CAUTION" and the following or _equivalent: "Disconnect bo

h the branch

circuit-breakers or fuses and emergency power supplies before servicing."

73A.4.7 Equipment having more than one power source that might present a risk of electric shock (see
4.47), and having provisions for connection of remote loads, shall be marked where readily visible during
any approach to service "CAUTION" and the following or equivalent: "Disconnect both normal and
emergency sources within this unit before servicing this or any connected equipment.”

73A.4.8 A sealed unit shall be marked: "CAUTION: Sealed unit. not replaceable. Replace entire
unit when necessary." The blank space shall be filled in with the appropriate part: "light source," "battery,"
"components," or similar item.

73A.4.9 If required per the exceptions to 20.1 or 40.4, an enclosure or compartment not intended to be
opened for routine maintenance activities shall be marked "CAUTION — Service by Qualified Personnel
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Only. De-energize before opening." The marking shall be visible on the exterior surface(s) of the subject
enclosure or compartment most likely to be removed for access.

73A.4.10 Equipment with a replaceable light source (lamp) shall be marked with one of the following, as
applicable. The marking shall be visible during relamping.

(a) Luminaires and unit equipment—-"___ W, type lamp only." When more than one lamp
type is eligible, other eligible replacement lamp types are permitted to be identified on a
manufacturer-controlled website when the website address is also permanently marked in the
same location, with text such as “For additional lamp options, see abc.com/lamps”.

(b) Exit signs:

ssembly only."
r treatment as
space for the
cturer's or the

(1) Incandescent — * w type volt lamp only" or“___ lamp)a
The type designation in the marking shall indicate either frosted, clear, or.othe
appropriate, in addition to the ANSI designation for bulb shape. The|blank
specific lamp assembly is to be filled in with the emergency lighting: manufs
lamp manufacturer's identity and lamp type designation or part number.

nly." The type
lamp type as
bd in with the

(2) Fluorescent — “ w type lamps" or " lamp assembly o
designation in the marking shall indicate "cool white,"("daylight," or other
appropriate. The blank space for the specific lampiassembly is to be fill

73A.4.11  Eg
Install only _|
catalog desig
that appear o

Exception No

Exception No
eligible batten
here)". The m

requirements).

emergency lighting manufacturer's or the lamp~manufacturer's identity a
designation or part number.

(3) LED - " lamp assembly only.?>The blank space is to be fillg
manufacturer's identity and lamp type designation or part number.

uipment incorporating or intended~toe incorporate batteries shall be marke

battery." The blank is to be filled in with the battery manufacturer ide
hation. This information is tQ bein a location visible during battery replace
nly on the battery are not considered in compliance with this marking requirem

1: This marking is net required for sealed units marked per with 73A.4.8.

2: The marking is permitted to additionally state “See (specific URL inserted
es" or alternatively state “CAUTION: Install only batteries identified at (specifi
anufacturer-shall maintain this website without restrictions (such as password|

73A4.12 A

fuse replacement marking shall be located where readily visible during fusg

nd lamp type

d in with the

d "CAUTION:
ntification and
ent. Markings
nt.

here) for other
t URL inserted
or registration

replacement,

either adjacent to the fuse or fuseholder or in another location provided that it is obvious to which
fuseholder the marking applies. The marking shall specify the ampere rating, and the voltage rating if
higher than 125 V. Where fuses with special characteristics (such as time delay) are necessary, the fuse
type shall also be included. If the fuse is soldered in place and the presence of the fuse would ordinarily be
known to routine maintenance personnel because of the fuse location or reference to it in the operating
instructions or circuit diagrams, the marking shall, in addition to the above, include the following or the
equivalent: "REFER REPLACEMENT TO QUALIFIED SERVICE PERSONNEL."

73A.4.13 Self-testing/self-diagnostic equipment with variable outputs, per 30.1.1, shall be marked, on a
surface visible during service, "CAUTION: See instructions for derangement signal calibration" Examples
include constant power output LED emergency battery packs which provide reduced current in proportion
to higher voltage loads being connected. See 74.5.
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73A.4.14 Self-diagnostic (only) equipment shall be marked in color-contrasting, minimum 1/16-inch (1.6-
mm) high lettering, "NOT SELF-TESTING PER ANSI/NFPA 101", or the equivalent. See also 74.10. The
product literature and instruction sheets shall also include, in minimum 1/8-inch (3.2-mm) high letters on a
contrasting background, the following statement: "This equipment is not self-testing in conformance with

the Life Safety Code, ANSI/NFPA 101," or the equivalent.

INSTRUCTION MANUAL

74 General

74.1
be provided

accessible we
(specific URL
a product mar
equipment. Th

ith all equipment The instructions are permitted to be separately provided

Instructions necessary for the intended installation, operation, and maintenance of equipment shall

on a publicly

b site if the equipment is permanently marked (see 73A.1.2) with a QR

nserted here) for installation, operation, and maintenance instructions." As.an
ing, the QR code or website address can be provided on a stuffer shéet pack
e instructions shall include a safety instruction section which shall specifically

against reasomably foreseeable uses or misuses so as to reduce the risk of firé,)electric sha

to persons.

74.2 If an ing
be connected
state that thd
simultaneousl|

74.3 The ins
of the ELCF &
dependent on
include identif;
with that equ
established.

744 Per 30
include guida
address cond
undetected eq

truction manual is provided for an exit fixture provided with two or more lamy
n parallel in the field and provided with individual fieldwiring input leads or ter

illuminated. This information can alternative be:marked on the equipment.

fruction manual for equipment with ELCEcapability shall describe the operat]
nd describe the appropriate testing and diagnostic procedures. Where ELC

cation of the other equipment, any-constraints on the installation of or means
pment, and a description ofprocedures to verify that the intended inte

1 and specifically 30.1(d); the user manual for self-testing/self-diagnostic eq
nce for installation;.Calibration, and diagnostic report analysis. The instru
tions that could result in false positives (indicating failure when no fail
uipment failures/that may be due to the effect of other equipment installed

emergency power sourcé-and the connected load (for example, an ELCD that allows

emergency log

74.5 Per 30|
include deran

d to be“aff’).

code or "See
alternative to
aged with the
warn the user
ck, and injury

s intended to
minals, it shall

exit fixture is for connection to a single soutce”of supply such that all lamps are

onal mode(s)
- capability is

signals or power received from or transmitted to other equipment, the insfructions shall

of interaction
roperability is

uipment shall
ctions should
re exists) or
between the
a connected

1.1,~equipment with self-test/self-diagnostic capability and a range of outp

t levels shall
: “CAUTION:

This equipment provides reduced current levels when higher voltage loads are connected. The
derangement signal requires calibration to ensure proper operation.”

74.6 The instructions for central station and unit equipment shipped without batteries, as permitted by
22.10, shall identify the intended batteries by manufacturer and part number.

74.7 The installation instructions for an exit sign with a transparent background shall include the
following statement, or equivalent: "This sign shall be installed only where there is adequate color contrast
between the sign legend and the interior wall finish behind the sign, to provide for sufficient visibility."

74.8 Installation instructions for cord-connected unit equipment shall state that the equipment and the
receptacle to which it is connected should be mounted at a height that will reduce potential damage and
inadvertent disconnection.
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74.9 Installation instructions provided with an open type device shall include the statement “Intended for
installation within the enclosure of equipment Listed for permanent installation” or similar. The instructions
shall identify:

a) The minimum spacing requirements, if required per the Exception to 66.2.1, between the device
and any combustible materials or enclosure openings,

b) Any orientation constraints applicable per 52.10,

¢) Any equipment compatibility limits or constraints related to emergency control functionality, such
as load ratings or specific manufacturers / model numbers, and

d) other information that may be relevant to establish a Code-compliant installation, including
reference to NEC 700.24 for an ELCD intended for installation within a directly contrglled luminaire.

74.10 The groduct literature and instruction sheets for self-diagnostic (only) equipment shall include, in
minimum 1/8finch (3.2-mm) high letters on a contrasting background, the following statement: "This
equipment is| not self-testing in conformance with the Life Safety Code,CANSI/NFPA| 101," or the
equivalent.

75 Safety Instructions

75.1 The sgfety instructions shall be a permanent part of the 'manual but separated fin format and
preceding all pther instructions (such as installation, operation,and maintenance instructions).

75.2 The sa[ety instructions shall include instructions erillustrations to identify important safety features,
in addition to the important safeguards listed in 75.5.

75.3 The hejght of lettering in the text and illustrations of the safety instructions shall be as follows:

a) The phrases "IMPORTANT~SAFEGUARDS", "READ AND FOLLOW ALL SAFETY
INSTRUCTIONS", and "SAVE THESE INSTRUCTIONS" shall be in letters not less than 3/16 inch
(4.8 mm) in height.

b) Other upper-case letters'shall not be less than 1/12 inch (2.1 mm) in height.

c) Lower-case letters.shall not be less than 1/16 inch (1.6 mm) in height.

75.4 The items may-be numbered. The phrases "READ AND FOLLOW ALL SAFETY IN§JTRUCTIONS"
and "SAVE THESE INSTRUCTIONS" shall be first and last, respectively, in a list of items. Qther important
safeguard iteqns.considered appropriate by the manufacturer may be inserted.

75.5 For all equipment, the safety instructions shall include the following safeguards verbatim or in
equally definitive terminology.

Exception: If a specific safequard does not apply to a particular type of equipment, the safequard may be
modified or deleted as appropriate.

IMPORTANT SAFEGUARDS

When using electrical equipment, basic safety precautions should always be followed including the
following:

a) READ AND FOLLOW ALL SAFETY INSTRUCTIONS.
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b) Do not use outdoors (this item may be omitted if the product is suitable for outdoor use).

c) Do not let power supply cords touch hot surfaces.

d) Do not mount near gas or electric heaters.

e) Use caution when servicing batteries. Battery acid can cause burns to skin and eyes. If acid is
spilled on skin or in eyes, flush acid with fresh water and contact a physician immediately.

f) Equipment should be mounted in locations and at heights where it will not readily be subjected to
tampering by unauthorized personnel.

g) The use of accessory equipment not recommended by the manufacturer may cause an unsafe

conditi

h) Cau
lamp in]

when lamp is operating, dispose of lamp with care.

i) Halo
near la

j)Don

76 Other Instructions

76.1 The ins
recommended
performed by

76.2 Deleteq

76.3 An exit
instructions to
intended for ir
instructions sh
indicate wheth
as a fire alarm

n.

ion: Halogen cycle lamp(s) are used in this equipment. To avoid shattefing: D
excess of rated voltage, protect lamp against abrasion and scratches/and 3

mp.

bt use this equipment for other than intended use.

SAVE THESE INSTRUCTIONS

truction manual shall include instructions for installation, operation, and
by the manufacturer. The instructions shall state that installation and servic
ualified personnel.

light or exit fixture-that flashes or produces an audible signal or both shall be
specify that such-features are incorporated in the construction and that such
stallation in focations permitted by local codes. For flashing exit lights or ex
all additionally specify the flash rate and duty cycle of operation. The instructi
er an exit)light or exit fixture is intended to be cycled on and off by an externa
controlPpanel.

76.4 Equipn

o not operate
gainst liquids

jen cycle lamps operate at high temperatures. Do not storerorplace flammable materials

maintenance
ng should be

provided with
equipment is
t fixtures, the
pns shall also
control, such

it Tmarked—with—astardby etectricatmput Tatimg—maccordarnce with— 737

.2.4 shall be

provided with instructions explaining the purpose of the rating. The instructions shall caution the installer
from using the standby rating to determine the suitability of the branch circuit to which the equipment can

properly be co

nnected in accordance with the National Electrical Code, ANSI/NFPA 70.

76.5 When equipment with polymeric enclosures is intended for connection only to a non-rigid wiring
system, per 10.2.5, the installation instructions shall state, adjacent to the respective diagrams shown in

Figure 76.1, that the equipment must be installed with such a wiring system. The statement shall read, "No
rigid conduit" or "Flexible conduit only." Equipment with polymeric enclosures intended for connection only
to a rigid metallic conduit system, as specified in 10.2.3, or to a rigid non-metallic conduit system, per

10.2.4, but not

both, shall include a statement of this limitation in the installation instructions.
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Figure 76.1
Flexible conduit marking
s3888
76.6 A field{installable label provided in accordance with 73A.1.6 shall be accompanied wijth instructions

that declare fif
accordance W
specify that th

LOW-FREQU
77 General

771
and with the r|

78 Perform
78.1 Outpu

78.1.1 To dd
the marked ¢

Low-frequency inverters (50 — 800 hertz) shall comply with requirements elsewhere i

for application only to equipment connected to cireuits designated for emerg
ith NEC Article 700 or an equivalent applicable.installation code. The instruct
e label is to be applied to an equipment location that will be visible after installg

ENCY INVERTERS

bquirements in Performance; Section 78.
pnce
load powerfactor test

terminé that low-frequency inverters comply with the requirements in 73A.2.1
utputipower factor rating of the equipment, the output circuit shall be cor

ENncy power, in
ons shall also
tion.

n this standard

(b) throughout
nected to the
ninute cycle of

maximum ratg¢d lead at rated leading power factor. The unit shall supply the load for one 5-1
emergency otaafbn%m—feﬁ-ﬁaﬁ:e—wpeﬁed—whg—ﬂwe—maﬁmm—@eﬂ-mﬂm

: lagging power
factor. The output voltage shall remain within 10 percent of rated value for each power factor

setting.
78.2 Battery discharge test

78.2.1 Low-frequency inverters shall be capable of maintaining at least 87.5 percent nominal battery
voltage for a period not less than indicated in the marking, but in no case less than 1-1/2 hours, while
supplying maximum total associated load. Lumen output (48.3) or current output (Exception to 48.3)
measurements are permitted as alternatives to measuring battery voltage.

78.2.2 To determine if low-frequency inverters comply with the requirement in 78.2.1, the unit shall be
tested per 48.6 at unity power factor load or at the rated power factor load which draws the maximum
battery current.
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78.3 Output voltage and frequency test

78.3.1 The output voltage of a low-frequency inverter shall not exceed the marked output voltage rating
by more than 10 percent, and the output voltage waveform shall contain no peaks greater than 1.7 times
the marked rated rms output voltage. Measurements shall be made with the inverter connected first to its
marked rated load and then to a load of 15 percent of the marked rated load. A variable voltage control
shall be adjusted in accordance with installation instructions. The measurement shall be made with fully
charged batteries at 1 minute after energizing the equipment in "emergency operation".

78.3.2 The output frequency of a low-frequency inverter shall not vary from the marked rated frequency
by more than 15 percent when tested under the conditions described in 78.3.1.

HIGH-FREQUENCY INVERTERS

79 General

79.1 High-fre
as defined in 4
requirements i
80 Performa
80.1

80.1.1 To dg

General

quency inverters (greater than 800 hertz and intended to operate-electric disc|
.27, shall comply with the appropriate requirements elsewheretin this standar
h Performance, Section 80, and Marking, Section 81.

nce

termine if an inverter complies with thedpplicable requirements for outpu

current and albnormal conditions, a representative sample of the inverter shall be subjecte

described in 8
80.2 Output

80.2.1 The \
accordance w

D.2 and 80.3.
voltage and current test

oltage to ground or on\exposed, dead-metal parts of the inverter shall be
th 80.2.3. If the measured voltage exceeds 300 volts rms and the current th

ohm resistor ¢xceeds the valugs shown in Table 80.1, the inverter shall be marked in ac

81.1.

harge lamps),
 and with the

I voltage and
d to the tests

measured in
ough the 500
tordance with

res peak

Table 80.1
Maximum current
Frequency. hertz Maximum allowable current® milliampe

0-100 7.07

500 9.4

1000 11.0

2000 14.1

3000 17.3

4000 and more 20.0

@ Straight-line interpolation between adjacent values in the table may be used to determine the maximum allowable current values
corresponding to frequencies not shown.

80.2.2 The accessible voltage on an inverter required by 80.2.1 to be marked per 81.1 shall not exceed
the voltage versus capacitance values outlined in Table 80.2.
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Table 80.2
Maximum voltage across capacitance

Voltage across capacitor prior to discharge Capacitance,® microfarads
300 5.86
280 6.57
260 7.43
240 8.49
220 9.81
200 11.5
180 13.7
10U 10.0
140 21.0
120 27.4
100 37.4

90 45:0
80 55.2
70 69.9
60 91.8
50 127.0
45 154.0
42.4 172.0

@ Straight-line i
voltages not sh

wn.

terpolation between adjacent values in the table may be.used to determine the capacitance corregponding to

80.2.3 The
each terminal
to be measur
without a lam
are to be take
connected in
parts of the in

80.3 Abnor
80.3.1 Ther

under intende
at atime, but

inverter is to be connected to a circuit of maximum rated input voltage. Thg
or output lead for each lampholder to ground or exposed dead-metal parts of

D, and operation with a deagtivated lamp. For a multi-lamp inverter, separate
n with each lamp in succéession removed and then replaced. A 500-ohm resist

turn between each lampholder terminal or output lead and ground or expos
verter, with the lampiremoved, and the current through the resistor measured.

mal conditions test

b shall.be)no risk of fire or electric shock when an inverter is operated at thern

b voltage from
the inverter is

bd under each of the following operating conditions: lamp starting, lamp operalﬂon, operation

easurements
br is then to be
bd dead-metal

hal equilibrium

d conditions as described in 45.2, and the following abnormal conditions are i

troduced, one

hot mecessarily in the order indicated, and applied throughout each complete tefst:

a) The

b) The

output leads are to be short-circuited.

inverter is to be operated into a deactivated lamp as specified in 80.3.5.

c¢) Solid-state components are to be opened or short-circuited to produce worst-case conditions.

d) Polarity of the input supply leads is to be reversed if the polarity protection is not provided, or if
provided, the polarity protection can be easily defeated.

During the tests, the sample is to be placed on a softwood surface covered with white tissue paper, and a
single layer of cheesecloth as specified in 66.2.1 is to be draped loosely over the entire enclosure.
Exposed dead-metal parts are to be connected to earth ground through a 3-ampere, nontime-delay fuse.
The test is to be continued for 7 hours or until:

e) A risk of fire or electric shock develops;


https://ulnorm.com/api/?name=UL 924 2022.pdf

108

UL 924

DECEMBER 14, 2022

f) The inverter's protective device opens;

g) Any other circuit component opens;

h) Operation for the minimum marked rated operating time elapses, circuit conditions stabilize, and
there is no further evidence of overheating of parts; or

i) 7 hours of operation elapse, except the duration of the test may be limited by the maximum
capacity of the batteries provided to supply the inverter when installed in complete emergency
equipment.

80.3.2 With regard to 80.3.1(e), a risk of fire or electric shock is considered to exist if there is:

a) Gloy
b) Ope

c) Emis

80.3.3 With fegard to 80.3.1(g), if the test is terminated by the opening of\a circuit compone

an acceptable
new compone

80.3.4 With
smoke, discol
through the ap

80.3.5 Forth
lamps with a |
interrupting la
For a compaci
connections a
contacts, two
each lamp.

81 Marking
81.1 An invsg
ground greate

ing, charring, or flaming of the cheesecloth or tissue paper;
ning of the 3-ampere fuse; or

sion of flame, sparks, molten metal, or compound from the inverter enclosure.

circuit-protective device, the test is to be conducted twomore times using ne
hts for each test.

regard to 80.3.1(h), overheating of parts may be detected by an indicator
bration, cracking of materials, charring, flaming,’glowing, arcing, changes in
plied fault, or similar phenomenon.

e requirements in this standard, a deactivated lamp is simulated by using two
mpholder connected to one end of'each lamp; for an instant starter circuit util

pholder, the lamp is to be removed and the lampholder contacts are to be shg
fluorescent lamp having two.contacts, two lamps are to be used and the supj
re to be made to one coritact of each lamp. For a compact fluorescent lam
amps are to be used and.the ballast output connections are to be made to o

rter that-déelivers a current greater than specified in Table 80.1 and that ha
- than 300 volts rms shall be marked with one of the following to indicate the int

a) For Uise with circuit-interrupting lampholders;

nt, other than
w samples or

such as odor,
circuit current

double-ended
zing a circuit-
rted together.
ly and ballast
p having four
ne filament of

5 a voltage to
ended use:

b) For use only with a circular lamp or lamps that require no more than a single lampholder per
lamp; or

c) For use only with a recessed-double-contact lamp or lamps.
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SUPPLEMENT SA - FIELD INSTALLED LUMINAIRE EMERGENCY BATTERY PACKS
SA1 General

SA1.1 Emergency ballasts intended for field installation within or adjacent to previously installed
fluorescent luminaires, and emergency LED drivers intended for field installation within or adjacent to
previously installed LED luminaires, shall comply with applicable requirements elsewhere in this Standard
and with the requirements in Sections SA2 — SA5. Unless otherwise noted, requirements in this section
that refer to “emergency battery packs” apply to both types of products.

SA2 Mounting and Installation

SA2.1 Emergen

SA2.2 Insta
result in an ag

lation of an emergency battery pack in accordance with the installation ‘ingtructions shall

sembly that complies with this Standard.

SA3 Performance

SA3.1  Emelgency battery packs intended for installation within a lumijnaire enclosure or gbove a ceiling

shall be sub
Undervoltage

ject to the Battery Discharge Test, Section 48, Femperature Test, Se
Recharge Capability Test, Section 54, in a 55°C (131°F) ambient, or higher if S

SA3.2 Eme
Battery Disc

appropriate ambient conditions as noted in those Sections

SA3.3 Emelgency battery packs intended for. use in damp or wet locations shall bg

accordance

Damp Locatipns, Supplement SB, and/or Emergency Lighting and Power Equipment fq
Locations, Supplement SC.

SA3.4 Eme
accordance W

SA3.5 Eme
is marked fo
suitable for t
(non-glossy) s

SA4 Markin

’:lgency battery packs shall comply with Supplement SG for the lamp type(s) an

gency battery packs rated for use in ambients: below 20°C (68°F) shall be
rge Test, Section 48, and Undervoltage Recharge Capability Test, Section

ith the applicable requirements of\Emergency Lighting and Power Equipm

gency battery packs intended for use in air handling luminaires shall bg
ith the applicable requirements of the Standard for Luminaires, UL 1598.

use with, pér, SA4.5. Testing per SG2 shall be performed using a down-fa
e designated lamp(s). The down-facing luminaire surface shall have a flat
urface €oating and no diffuser or lens between the lamp and the floor.

g.and Instructions

ction 52, and
o rated.

subject to the
54, under the

evaluated in
ent for Use in
r Use in Wet

evaluated in

d wattage(s) it
cing luminaire
white painted

SA4.1

has not been investigated for use with electronic and/or magnetic ballasts.

An emergency ballast shall be marked or provided with instructions to indicate whether it has or

SA4.2 An emergency battery pack shall be marked and provided with instructions to indicate whether it
has or has not been investigated for use in an air-handling fixture, and whether it is suitable or not in a
heated air outlet. See 73A.3.8.

SA4.3 An emergency battery pack evaluated and found suitable for use in damp or wet location fixtures
shall be marked in accordance with Emergency Lighting and Power Equipment for Use in Damp
Locations, Supplement SB, or Emergency Lighting and Power Equipment for Use in Wet Locations,
Supplement SC, as applicable.

SA4.4 An emergency battery pack evaluated and found suitable for use at other than 25°C (77°F), in
accordance with SA3.1 and/or SA3.2, shall be marked with its lowest and highest ambient temperature
rating.
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SA4.5 An emergency battery pack shall be marked to identify the intended lamp type(s) and wattage(s).
For a pack that is suitable for use with more than one lamp type, the additional lamp types are permitted to
be identified on a manufacturer-controlled website when the website address is also permanently marked
in the same location, with text such as “For additional lamp options, see abc.com/lamps”.

SA4.6 An emergency battery pack tested in accordance with SG2.2 shall be marked to indicate the
maximum mounting height of the connected luminaire, in accordance with SG3.2. If the battery pack is
suitable for use with more than one luminaire or luminaire configuration whose maximum mounting height
differs, the pack shall be marked to refer to the installation instructions where the maximum mounting
height for each configuration shall be noted, as indicated in SG3.2.

SA5 Instruction Manual

SA5.1  The ifistruction manual for an emergency battery pack shall include all instructions necessary to
install the pack as intended.

SA5.2 The instruction manual shall specify that the derangement signal (per Section 28) be located such
that it is visiblg after installation from the room (occupied space) side and without the need to move or
remove any parts of the equipment.

SA5.3 The ipstruction manual shall include the word "CAUTION"Cand the following [statement or
equivalent "Vdrify that all replacement lamp types marked on the installed luminaire are alsp identified as
suitable for usg with this emergency battery pack."



https://ulnorm.com/api/?name=UL 924 2022.pdf

DECEMBER 14,

2022 UL 924

111

SUPPLEMENT SB - EMERGENCY LIGHTING AND POWER EQUIPMENT FOR USE IN DAMP

LOCATIONS

SB1 General

SB1.1

Emergency lighting and power equipment intended for use in damp locations shall comply with

the applicable requirements elsewhere in this standard and with the requirements in Sections SB2 — SB5.

SB2 Construction — Mechanical

SB2.1

All inside and outside surfaces of sheet steel or other mechanical parts of iron or steel shall be

zinc-coated, cadmium-plated, enameled, painted, or provided with equivalent protection against corrosion.

Exception No|
having inhere
protection.

Exception No

SB2.2 Hinggs, bolts, and fasteners made of ferrous materials shall be protected againg

described in §
Exception: Hi

SB2.3 Shee
and the like p

SB2.4 Weld

SB2.5 Vitrepus enamel may be used as the.only protective coating for sheet steel having

not less than
SB3 Consti

SB3.1 Non-
components

uninsulated |
vulcanized fib

SB3.2 The g

1. Copper, aluminum, alloys of copper and aluminum, stainless steel, and Sii
bnt resistance to atmosphere corrosion need not be provided with.‘additi

2: Punched holes and cut edges in ferrous material need not have corrosion

B2.1.

ior to painting.

5 in iron or steel shall be painted or provided with equivalent protection against

D.026 inch (0.66 mm).
uction — Electrical

moisture-absorptive’' electrical insulation shall be used in the constructio
where it is relied upon to provide electrical spacings or direct or indire
ve electrical-parts. Untreated fiber is an example of a material that shall
er, pheneliC, urea, porcelain, and the like, are examples of acceptable material

crew shell in a screw shell-type lampholder shall be made from:

hge pins need not be provided with the corrosion protection described in SB2.1.

milar materials
bnal corrosion

brotection.

t corrosion as

t steel or other metal that is painted to comply with SB2.1 shall be properly cleaned of grease

corrosion.

a thickness of

n of electrical
ct support of
not be used;
5.

a) Copper, or a copper alloy with a minimum 80 percent copper;

b) Nickel alloy; or

c) Stai

nless steel.

SB3.3 Single-pin or recessed double-contact lampholders shall be of the weatherproof type or of a type
acceptable for use in outdoor enclosed signs.

SB3.4 Abal

last shall be of the outdoor or weatherproof type.

SB3.5 A printed-wiring board (PWB) shall be tested per SB3.6, or it shall be completely and uniformly
coated on both sides and tested per the Conformal Coating Test Program |, Section 57, or Conformal
Coating Test Program I, Section 58.
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Exception: PWBs in unvented enclosures sealed by gaskets or the like (such as type 4 or 4X) need not be
coated or tested in accordance with SB3.6.

SB3.6 A sample of the printed-wiring board with components and leads attached shall be placed in an
environmental chamber having a relative humidity of 88 +5 percent and a temperature of 5°C (9°F) higher
than the equipment's rated upper ambient temperature. The sample shall remain in the environmental
chamber under these conditions for 1000 hours. At the conclusion of the 1000 hour conditioning and while
still in the environmental chamber, the printed-wiring board sample shall be subjected to the Dielectric
Voltage-Withstand Test, Section 56, without breakdown as applied between primary and secondary, input
connections, output connections, and between primary and any ground traces. Following the Dielectric
Voltage-Withstand Test, the PWB is to be visually examined for separation of the laminates or other signs
of deterioration as a result of the humidity conditioning.

SB4 Performance — Humidity Conditioning

SB4.1 For 24 hours prior to the Dielectric Voltage-Withstand Test, Section 56, equipment shall be placed
in a chamber maintained at 88 +5 percent relative humidity and 5°C (9°F)_above the equipment's
maximum rated ambient temperature.

SB5 Markings

SB5.1 Equipment that complies with this supplement is permitted to be marked "Suitgble for damp
locations." The marking shall be visible after installation.
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SUPPLEMENT SC — EMERGENCY LIGHTING AND POWER EQUIPMENT FOR USE IN WET

LOCATIONS

SC1

SC1.1

General

Emergency lighting and power equipment for use in wet locations shall comply with the applicable

requirements elsewhere in this standard and with the requirements specified in this Supplement.

SC2 Construction — Mechanical

SC2.1

SC2.11

Corrosion protection

Thmﬁl—t_ﬂ—ﬂ_h_l_l_l_t—[ma € and oulside surfaces of cast 1errous metal, Sheet steel, or ferrous
protected agdinst corrosion by one of the coatings described in Table SC2.1.

Exception No
have been sH
Table SC2.1

Exception No
standard nee

Exception No

Exception No|
protected aga

Exception No
outside surfa
instructions (4
Sprinkler Tes

1: Other finishes including paints, special metallic finishes and combinations
own, by comparative tests with galvanized sheet-steel conforming|with Type
D provide equivalent protection, may be used.

. 2. A metal part, such as a decorative part, that is notrequired for compl
l not be protected against corrosion.

3: Stainless steel need not be additionally protected against corrosion.

4: Edges, fasteners, and welds complying with SC2.1.2 — SC2.1.5 need not
inst corrosion.

5: If the equipment is constructed-such that no water enters the equipment,
bes that are protected from the elements when installed in accordance with
uch as the recessed housing ‘of-a recessed emergency lighting fixture) duri
. the inside surfaces and thé\eutside surfaces so protected may be provided

protection equiivalent to that specified innSB2.1 — SB2.5.

Table SC2.1
Sheet steel coatings

ubing shall be

of the two that
G90, in (A) of

ance with this

be additionally

br contacts the
he installation
hg the Rain or
with corrosion

Type or thickness,?
Type of|coating inch (mm) Description
(A) Hot-dipped, |mill-galvanized G9oP -
steel
Go60° With T coat of outdoor paint®
AB0° with 1 coat of outdoor paint®
(B) Zinc coating other than type 0.00061 (0.0155)¢ -
(A)
0.00041 (0.0104)¢ with 1 coat of outdoor paint®
(C) Cadmium coating 0.0010 (0.0254) -
0.00075 (0.01905) with 1 coat of outdoor paint®
0.0005 (0.0127) with 2 coats of outdoor paint®

Table SC2.1 Continued on Next Page
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Table SC2.1 Continued

Type of coating

Type or thickness,?

inch (mm)

Description

(D) Vitreous ena

mel®

¢ Acceptable on

@ As determined by the Guidelines for Measurement of Electrodeposited Metallic Coating Thicknesses by the Dropping Test,
ASTM Method B555-1975.

b Conforming with the coating designation G90, G60, or A60 in Table 1 of the Specification for Sheet Steel, Zinc-Coated
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, ASTM A653/A653M-94, with not less than 40
percent of the zinc on any side based on the Minimum Single Spot Test requirement in this ASTM standard.

¢ Identified as outdoor paint by paint manufacturer.

9 Average thickness with a spot minus tolerance of 0.00007 inch (0.00178 mm).

SC2.1.2 Hin
described in §

Exception: Hin

SC2.1.3 The
inspection.

SC2.1.4 Pun

SC2.1.5 We
of a type as sp

Exception: On
S§C2.2 Encld
SC2.21 An

or wiring not ig
exposure. Par

flexible metal

Exception: Fo
wetted.

SC2.2.2 Wal

jes, bolts, and fasteners made of ferrous materials shall be protected agains
B2.1 for damp locations.

ge pins need not be provided with the corrosion protection required in SB2.1.

acceptability of a coating on hinges, bolts, and fastenérs may be determi

ched holes and cut edges in ferrous material need not be corrosion protected.

ds in iron or steel (other than stainless steel)’shall be painted with one coat off
ecified in Table SC2.1.

e coat of any indoor paint is acceptable over a spot weld on galvanized steel.
sures

enclosure shall be constructed to prevent the wetting of live parts or electrica
entified for use in contact with water, and to reduce the risk of electric shock d
s identified for use-in“contact with water include flexible cords marked with a "
onduit, outlet boxes marked for use in wet locations, rigid conduit, and waterp

" the purposes of this requirement, the outer surface of the glass envelope of 3

-maunted recessed equipment shall be constructed so it prevents the entranc

[ corrosion as

ned by visual

outdoor paint

| components
ue to weather
V", liquid-tight
oof ballasts.

lamp may be

b of any water

i Tk I ball bha imfamdad £ 4+ " + +
into the enclostre—The—enclosure—shaltbe—intended—for permanent—conmecto—to—wat

connection fitti

ngs.

ertight supply

Exception: If a drain hole as described in SC2.4.2 is provided to drain water from the front of the
equipment, water may enter the equipment if there is no wetting of live parts, electrical components, or
wiring not identified for use in contact with water, as described in SC2.2.1.

SC2.2.3 To determine compliance with SC2.2.1 and SC2.2.2, a complete assembly is to be subjected to

the Rain or Sp

rinkler test as specified in Performance, Section SC4.

SC2.3 Gaskets and bushings

SC2.3.1

the requirements of the Thermal conditioning test described in SC4.7.2.

A gasket or bushing used to comply with the requirements for wet locations shall comply with
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Exception: Gaskets or bushings tested while installed in the equipment as described in SC4.7.3 need not
be subjected to the test described in SC4.7.2.

SC2.3.2 A gasket shall be secured so that removal of a lamp or opening of glassware or a frame for
relamping will not cause the gasket to loosen. Clips or a clamping ring are acceptable means of
securement. An adhesive or other means shall be investigated to determine acceptability.

5C2.3.3

comply with the Gasket adhesion test described in SC4.8.1.

SC2.4 Openings

SC24.1 An

(TN b dadl
ancautcu.

If an adhesive is used to secure a gasket as described in SC2.3.2, the gasket assembly shall

Exception Ng.
pter into the fixture with the opening or openings open, the opening or openings need not be

entrance of W
threaded.

Exception No
wet location
or openings n

SC2.4.2 An
above a leve
conduit or for
will not drain
exterior buildi

Exception No
— SC4.2.3 neq

Exception Ng

H £ EYN tH £ it £ HH P~ 3 =S
MYy TUT TS CUTTTTCUUUTT UT CUTTUUTL UT TUT AT AUATTTIAT y pJdit ofidilT Vo

1: If the Rain and Sprinkler tests as described in Performance, Section |

2: If the installation instructions specify the use of a conduit\fitting that con
pquirements in the Standard for Conduit, Tubing, and Cable Fittings, UL 514
eed not be threaded.

open drain hole shall be provided on all equipment“to prevent the accumu
that would result in the wetting of an electrical\part or an opening for the
an auxiliary part. The hole shall be as specified“in Table SC2.2 and located s
into the building when the equipment is installed as intended. However, drg
g surface is acceptable.

1: Equipment that has been subjected to the Rain or Sprinkler Test as requi
bd not be provided with a drain hole if no water enters the fixture.

. 2: A drain hole is not.required on wall-mounted recessed equipment a

SC4, show no

nplies with the
B, the opening

ation of water
connection of
uch that water
inage onto an

red in SC4.2.1

5 described in

SC2.2.2.
Exception No| 3: A drain hole js-not required in an emergency battery pack intended to be fnstalled inside
fixtures.
Table SC2.2
Size of drain holes
. Minimum dimension, Minimum area, Maximum dimension, Maximum area,
Opening
shape inch (mm) inch? (mm?) inch (mm) inches? (cm?)
Slot 1/8 (3.2) 0.012 (7.74) 3/8 (9.5) 1-1/2 (9.68)
(width) (width)
Square 1/8 (3.2) - - 1/2 (12.7) - -
(side) (side)
Round 1/8 (3.2) - - 12 (12.7) - -
(diameter) (diameter)
Irregular - - 0.012 (7.74) - - 1-1/2 (9.68)
SC2.5 Polymeric water shields
SC2.5.1 A polymeric material used as a water shield, whether provided as a lens, diffuser, or opaque

part, shall:
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a) Be classified at least HB in accordance with the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94, and

b) Comply with the exposure to the Ultraviolet Light Test in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.

Exception: Equipment marked suitable for Indoor Wet Locations and not subjected to ultraviolet radiation
from integral fluorescent lamps need not be tested for exposure to ultraviolet light.

SC3 Construction — Electrical

SC3.1  Wet-location equipment shall comply with the requirements in SB3.1 — SB3.6.

SC3.2 Any cprd exposed outside of a surface-mount equipment shall be marked with a.*W/[ following the
type designatipn.

SC3.3 A swifch shall be enclosed.

Exception: The operating button of a momentary-contact test switch asSpecified in the Test Switch,
Section 29, onlthe key-operated actuator of a disconnect switch as specified in Disconnect|Switches and
Fuses, Sectio 31, may protrude outside the enclosure.

SC3.4 Equipment provided with a receptacle shall be construetéd’to prevent the entrance of water into
the receptacle|with or without any provided cover in place and with or without an attachment plug in place.

Exception: If water is not excluded during the Rain Test-With the receptacle cover open, the cover shall
close automatically when not in use.

SC4 Performance
SC4.1 Geneyal

SC4.1.1 Therequirements specified in"SC4.2.1 — SC4.9 apply to all wet-location emergengy lighting and
power equipment.

SC4.2 Testsrequired

SC4.2.1 Wetlocatiop_e€quipment shall be subjected to the appropriate Rain and Sprinkler Tests as
required in SJ4.2.2 and’'SC4.2.3 and described in SC4.3.1 — SC4.6.3. A summary of the tests required is
provided in Taple SC4.1.

Table SC4.1
Required tests for wet-location equipment
Type of equipment Rain Sprinkler
Surface-mounted ceiling Yes® Yes®
Recessed ceiling Yes?® Yes
Surface-mounted wall Yes No
Recessed wall Yes No
2 Test not required if the equipment is marked for covered ceiling installation only as specified in SC4.2.3.
b Test not required if the Rain Test is conducted as described in Exception No. 3 to SC4.2.3.

SC4.2.2 Wall-mounted surface equipment and wall-mounted recessed equipment shall be subjected to
the Rain Test.
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Exception: The Rain Test is not required if the construction is such that it is readily apparent that water will
not enter the equipment when installed in the intended manner.

SC4.2.3 Ceiling-mounted equipment shall be subjected to the Rain and Sprinkler Tests.

Exception No. 1: Recessed- or surface-mounted-ceiling equipment need not be subjected to the Rain Test
if it is marked "For covered ceiling installation only" in accordance with SC5.3.

Exception No. 2: The Rain and Sprinkler Tests are not required if the construction is such that it is readily
apparent that water will not enter the equipment when it is installed in the intended manner.

Exception No. 3: Equipment subjected to the Rain Test with no ceiling above the equipment during the

Rain Test neTne(—be—sdzee(e&Me—&pnMd.—
SC4.3 Geng¢ral — test conditions

SC4.3.1 Belore the Rain or Sprinkler Test is conducted, an enclosure contajding an opening for supply
connections i$ to be fitted with the intended supply connection means. However, surface-nounted, outlet
box-connected equipment is to be mounted to the wall or ceiling as intendédy’and the open hole provided
for the connegtion of the power supply is to be sealed with plastic, tape, ‘%or the like to simulate a watertight
seal betweenl|the fixture and a building structure. All sections, fittings, and the like are to be|assembled as
intended.

SC4.3.2 Eqtipment marked in accordance with SC5.2 to indicate a limited angle of modinting shall be
mounted duripg a test in the most adverse position permitted by the marking.

SC4.3.3 Equipment intended to be mounted on either'a wall or a ceiling shall be treateq as both wall-
mounted and [ceiling-mounted equipment.

Exception: Equipment marked as specified,if) SC5.3 may be treated as only wall- or cgiling-mounted
equipment,

SC4.3.4 The¢ Rain or Sprinkler Test is.to be conducted in the following operating sequence

Durgtion in hours Equipment operating? Water
12 Yes Off
2 No (charging) On
1 Yes On
1/2 No (charging) On

SC4.4 General —test results

SC4.4.1 Test results are acceptable if, after completion of the Water Shield Impact Test (if applicable)
and the Rain Test or Sprinkler Test, no water has entered the fixture.

Exception: Water may enter recessed ceiling-, recessed wall-, and surface-mounted equipment if the
water does not cause wetting of any wiring devices such as lampholders, wiring, or other electrical parts
that are not inherently waterproof and if the equipment is provided with a drain hole as required in SC2.4.2.

SC4.5 Sprinkler test

SC4.5.1 Equipment required to be subjected to the Sprinkler Test shall comply with the requirements in
SC4.5.2.
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SC4.5.2 The equipment is to be positioned as shown in Figure SC4.1 in front of a standard water spray
head of the type shown in Figure SC4.2, to which the water pressure is maintained at a gage pressure of
20 pounds per square inch (138 kPa).

Figure SC4.1
Representative sprinkler test setup

e A - FIXTURE
UNDER TEST

/

v
7

I |
| |
|
| |
i 1
|

/
| P di
| /
|
|
|
|

/
/
WATER /
PRESSURE //
GAUGE y 45°
—B
T |
— C
SB1840A

NOTES:
A: 36 inches (91414 mm)
B: 3 -6 inches (76.2 — 152.4 mm)

C: Height necessgry for the equipment’to be mounted as intended with the dimensional center of the equipment op a line projected
from the centerling of the nozzlethead.
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Figure SC4.2
Spray head

ASSEMBLY®

— IR
S

BODY

r— 2 ¢ 1/2* TAPERED PIPE

-
38-1/2° \mw THREAD-ANSI B2l
- B
D

|
W

(MAX.)
H <DRILL THRU)

INSERT
= N Maxo
3 HOLES- TCDRILK THRU)
45°C’SINK-SCDEEP) SPACE 120°
I
PN zinli ==
( Y RCDRILL TO DEPTH
@ | " REQUIRED FOR THROAT)
-~ [
= —— V(HEX. OR ROUND
- BAR STOCK)

3-SQUARE SECTION SLOTS-W WIDE x G DEEP - SPACE 120°—
60°HELIX-LEADING EDGES TANGENT TO RADIAL HOLES

SA0820B
Item inches (mm) Item inch (mm)
A 1-7/32 (31.0) N 1/32 (0.80)
B 7/16 (11.0) P 575 (14.61)
C 9/16 (14.0) 576 (14.63)
D 578 t+4-68) S 453 (11.51)
.580 (14.73) 454 (11.53)
E 1/64 (0.40) R 1/4 (6.35)
F c c S 1/32 (0.80)
G .06 (1.52) T (No. 35)° (2.80)
H (No. 9)° (5.0) u (No. 40)° (2.50)
J 23/32 (18.3) \ 5/8 (16.0)
K 5/32 (3.97) W 0.06 (1.52)
L 1/4 (6.35)
M 3/32 (2.38)
@ Nylon Rain — Test Spray Heads are available from Underwriters Laboratories Inc.
® ANSI B94.11M Drill Size
¢ Optional — To serve as wrench grip.
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SC4.6 Rain test

SC4.6.1 Equipment required to be subjected to the Rain Test shall comply with the requirements in
SC4.6.2 and SC4.6.3.

SC4.6.2 The water spray test apparatus is to consist of three spray heads mounted in a water supply
pipe rack as shown in Figure SC4.3. Spray heads are to be constructed in accordance with the details
shown in Figure SC4.2. The sample is to be arranged as in a normal installation with conduit connections
— without pipe compound — if so intended. The enclosure is to be positioned in the focal area of the spray
heads so that the greatest quantity of water is likely to enter the enclosure. The water pressure is to be
maintained at 5 pounds per square inch (34.5 kPa) at each spray head.
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Figure SC4.3
Spray head piping
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A 28 (710)
B 55 (1400)
c 2-1/4 (55)
D 9 (230)
E 3 (75)
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SC4.6.3 Gasketed equipment shall be tested after the Temperature Test or after operation for 1/2 hour,
followed by removal and reinstallation of rings, frames, lamps, or other replaceable parts serving to
compress the gasket.

SC4.7 Thermal conditioning

SC4.7.1 A polymeric material used as a water shield that is subjected to an operating temperature in
excess of 65°C (149°F) as determined by the Temperature Test shall retain its original dimensions and
shape after exposure for 1000 hours to a temperature in accordance with Table SC4.2. Exposure time may
be reduced by one-half for each increase in oven temperature of 10°C (18°F). If the sample is too large for
the test oven, the sample may be cut to fit.

Exception No plies with the

requirements

1- A polymeric water shield that also serves as an enclosure and com
specified in Polymeric Enclosures, Section 10, need not be tested.

Exception No| 2: A material that possesses a mechanical temperature index, with‘impact| as a generic

rating or as alresult of long term aging, of at least the temperature to which it is, subjected, need not be
tested.
Table SC4.2
1000-hour exposure temperature
Normal temperature on polymeric diffuser or lens material
Higher than, No higher than, Oven test tempdrature,
°C (°F) °C (°F) °C (°F)
65 (149) 75 (167) 85 (185)
75 (167) 85 (185) 95 (203)
85 (185) 95 (203) 105 (221)
SC4.7.2 A dasket or bushing used to(comply with the requirements for wet locatiorfs shall, after

conditioning fq

r 168 hours in a circulating air oven at a temperature 20°C (36°F) above thg

e temperature
not less than

measured on the gasket or bushing during the Temperature Test, have a tensile strength of
60 percent ang an elongation of netiless than 75 percent of the values determined before conditioning.
Exception No. nstalled in the

fixture as desd

1: This test.need not be conducted if a gasket or bushing is tested while i
ribed in SC4:7.3.

Exception No.
105°C (221°F

2: Neoprene rubber is acceptable for 60°C (140°F) and silicone rubber is acceptable for
without being subjected to the test.

SC4.7.3 As an alternative to the test described in SC4.7.2, a gasket or bushing used to comply with the
requirements for wet locations shall be tested as follows. With the gasket(s) or bushing(s) in place, the
equipment is to be conditioned in a circulating air oven for 240 hours at 20°C (36°F) above the
temperature measured during the Temperature Test. After the conditioning, any panels that depend upon
the gasket or bushing for sealing are to be opened. The results are acceptable if a visual inspection shows
no damage to the gasket and the gasket has remained in place. The panels are then to be closed and the
equipment subjected to the Rain Test or Sprinkler Test, as appropriate.

SC4.7.4 With regard to SC4.7.3, if more than one gasket is provided and the temperature rise measured
on the gasket material during the Temperature Test is not the same for all gaskets, the test described in
SC4.7.3 may be conducted at the accelerated aging condition corresponding to the highest temperature
rise for the gaskets. Otherwise, a separate sample will need to be tested at each measured temperature
rise on the gaskets.
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SC4.8 Gasket adhesion test

SC4.8.1 In accordance with SC2.3.3, a gasket secured by an adhesive shall be tested as follows. The
force required to remove the gasket from its mounting surface is to be measured while pulling on the edge
of the gasket in a plane perpendicular to the surface on which the gasket is mounted. Six samples of the
gasket assembly are then to be subjected to the gasket conditioning described in SC4.7.2. The force
required to remove the gaskets from the mounting surface is to be measured within 1/2 hour after
completion of the conditioning for three of the samples, and 24 hours after the conditioning for the
remaining three samples. The results are acceptable if the force necessary to remove the gasket from its
mounting surface is at least 60 percent of the value measured prior to the conditioning.

SC4.9 Humidity conditioning

placed in a clhamber maintained at 88 +5 percent relative humidity and 5°C (9°F) abeve tHe equipment's
maximum rat¢d ambient temperature.

SC4.9.1 Foi 24 hours prior to the Dielectric Voltage-Withstand Test, Section 56, equigment shall be
SC5 Markings

SC5.1 Equipment that complies with this supplement is permitted (to~-be marked "Slitable for wet
locations" or, |f appropriate per the Exception to SC2.5.1, “Suitable for indoor wet locations.”

SC5.2 Equipment with adjustable mounting or possible alternatives-mounting positions shall be marked to
indicate the limits of adjustment or mounting position necessary.to comply with the test requirements.

SC5.3 Equipment not intended for exposure to rain on the back surface shall be marked:
a) "For side wall installation only";
b) "For ceiling installation only"; or

c) "For covered ceiling installation only".
The marking fnay combine either (a).and (b) or (a) and (c), if the equipment is intended for siich use.

SC5.4 The markings specified in"SC5.1 — SC5.3 shall be visible after installation.
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