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Summary of Topics
This revision to UL 1573 dated July 20, 2023 includes the following changes in requirements:

— Revision to Existing Definitions And Addition Of New Definitions To Help Users Interpret
And Apply Requirements As Intended; 1.2, 1.2A and 1.2B

— Revyston-to-Add-Stability Reqtiirementsor-Freestanding-Lighting Eqtiipment; 3.7, 3.20A,
3.43A| Table 3.1, 3.43B, and 4.2.

— Revjsion to Expand And Clarify Environmental Ratings Requirements; Séctions 12, 13,
29A - 29E

— Revjsion to Update Isolation Devices Requirements; 29.1, 29.2;.29.3 and Table |29.1.

— Revjsion to Add Requirements for LED Light Sources; Sections 29F, 16, 16A and Table
15.1.

— Revjsion to Add Requirements For Equipment Having Cooling Fans; 17.1.1, 1712.1 - 17.2.3,
17.3.1, Section 17.4 and 45.1.

— Revfsion to Add New Requirements For Equipment Having Wired Control Circuits;
Supplement SA

— Revjision to Add New Standard References To Annex A

— Editorial corrections to references; 39.1, Table 30.1, 47.6 and 51.1.

Text that has| been changed in-any manner or impacted by ULSE's electronic publishing system is marked
with a verticdl line in the margir:

The new and revised fequirements are substantially in accordance with Proposal(s) on this jsubject dated
May 27, 2022 and April 7, 2023.

All rights regerved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of ULSE Inc. (ULSE).

ULSE provides this Standard "as is" without warranty of any kind, either expressed or implied, including
but not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will ULSE be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if ULSE or an authorized ULSE representative has been advised of the
possibility of such damage. In no event shall ULSE's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold ULSE
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
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INTRODUCTION
1 Scope

1.1 These requirements cover stage and studio luminaires rated 600 volts or less for use in theaters,
studios, and similar locations in accordance with Articles 520 and 530 of the National Electrical Code,
NFPA 70.

1.2 These requirements cover borderlights, spotlights, floodlights, footlights, professional photographic
lights, portable strip lights, and the like, as well as connector strips, drop boxes, and the like, when rigged

similarly to borderlights.

1.2A These
may bear an

1.2B Lighting equipment in 1.1 and 1.2 use incandescent, fluorescent, light emitting diod

intensity disg
not cover sta

1.3 These
lighting inten

2 General

2.1 Compg
2.1.1 Exce
the requirem
the products

requirements cover equipment with environmental ratings for dry, damp, orawvet
optional Ingress Protection (IP) rating.

harge, Xenon, or other high pressure electric discharge light sourees. These req
ge and studio lighting equipment using a carbon arc light source.

requirements do not cover miscellaneous special purpose lights, amateur m
Hed for residential use.

nents

pt as indicated in 2.1.2, a component©f a product covered by this standard sha
ents for that component. See Appendix A for a list of standards covering compo
covered by this standard.

locations and

e (LED), high
uirements do

bvie lights, or

|l comply with
nents used in

2.1.2 A componentis not required t6_comply with a specific requirement that:
a) Inyolves a feature oficharacteristic not required in the application of the component in the
product covered by this.standard, or

b) Is g

2.1.3 A con
use.

uperseded'by a requirement in this standard.

hponent shall be used in accordance with its rating established for the intended

conditions of

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

2.2 Units of measurement

2.21
approximate

information.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

2.2.2 Unless otherwise indicated, all voltage and current values mentioned in this standard are root-
mean-square (rms).
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2.3 Undate

2.31

d references

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

2.4 Produc

241

t configuration

manufacturer intends the product to be suitable shall be evaluated.

3 Glossary
3.1 Forthe

3.2 ACCES

electric shock

the accessibi

3.3 BACK-U

provided to

e
securement fTaiIs.

3.4 BARN-[

a light beam.

3.5 BORDHE

3.6 CLASS

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

Unless otherwise indicated in a specific requirement, all product orientations for which the

burpose of this standard the following definitions apply.

SIBILITY BARRIER — A material provided to limit access to partscthat pres
or injury. When determined to comply with applicable additional requirements,
ity barrier is capable of also serving as part of an enclosure or a lamp-containms
P RESTRAINT DEVICE — A cable, chain, or other device not supporting an
Ip prevent an object from falling to the floor when the normal means us{
OOR - A shutter or flap attached to the front of\a’luminaire and used to control
Barn-doors are typically used in one or two pairs.

RLIGHT — A striplight placed behind a stage border on rigging.

P CIRCUIT — A circuit supplied by-a Class 2 power source.

ent a risk of
all or part of
nt barrier.

object but is
pd for object

the shape of

3.7 CLASS P POWER SOURCE - One of the following power sources:
a) A fransformer complying with the construction and performance requirements|for Class 2
transformers in the Standard for Low Voltage Transformers — Part 1: General Requjrements, UL

5085-[, and the Standard for Low Voltage Transformers — Part 3: Class 2 ¢
Transformers, UL 5085-3.

b) A ppwer unit.-éomplying with the construction and performance requirements in the
Class R Power-Units, UL 1310.

¢) Anqther power source confirmed to exhibit limited voltage, current, and power equi

nd Class 3

Standard for

valent to that

of (a) or (b), such as a limited-voltage/current circuit as described in Limited-Voltage/Current
Circuits, Section 27.

NOTE: Wired control circuits including communication protocols such as those associated with the Universal Serial Bus (USB), IEEE
1394 bus, MIDI and DMX512 are considered Limited Power circuits in accordance UL 60950-1, and as such are recognized by
Article 725 of the NEC, NFPA 70, as being equivalent to Class 2 circuits for the purpose of applying Article 725 Class 2 wiring
methods.

3.8 CLASS 3 CIRCUIT — A circuit supplied by a Class 3 power source.

3.9 CLASS 3 POWER SOURCE - One of the following power sources:

a) A transformer complying with the construction and performance requirements for Class 3
transformers in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL
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5085-1, and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3
Transformers, UL 5085-3.

b) A power unit complying with the construction and performance requirements for Class 3 Output

Circui

ts in the Standard for Power Units Other Than Class 2, UL 1012.

c) Another power source confirmed to comply with construction and performance requirements
equivalent to that of (a) or (b).

3.10 CLEARANCE DISTANCE - The shortest distance measured through air between conductive parts.

3.1

COLD HIGH-PRESSURE LAMP — An electric discharge lamp which exhibits a pressure within the

arc envelope

3.12 CONN
support and
luminaires it
and portable
with many pqg

3.13 CORIO
connected.

3.14 CREE
conductive p

3.15 DIFFH
branch-circu
different wing

3.16 DISAR

3.17 DRIPH
insulation, fl

3.18 DROFHR

3.19 DROH
that is perma

exceeding 103.4 kPa (15 psi) while at a temperature of 40°C (104°F) or less.

ECTOR STRIP — A wireway mounted on rigging (a network of linescand ch
manipulation of scenery and equipment) or to the building structure above or a
supplies. Receptacles or drop cords are provided for the connectign, of spotligh
striplights that are capable of being mounted to or suspended from-the strip. A ¢
rtable striplights is equivalent to a borderlight.

CONNECTOR - A connector device for a flexible,cord to which an attach

ains used for
djacent to the
s, floodlights,
pnnector strip

ment plug is

PAGE DISTANCE — The shortest distance measured over the surface of insulation between

aris.

RENT CIRCUITS - Circuits from different sources such as primary circuits
t overcurrent protective devices, primary and secondary circuits, and secondary
ings of an isolating transformer.

PPEARING FOOTLIGHT — A footlight that folds flush with the stage floor when n

PING MATERIAL BARRIER — A barrier provided to reduce the risk of molten n
ming particles, and,the like from falling through an opening in the enclosure.

BOX — A short°‘connector strip with a temporary means of mounting to pipes on

CORD—~ A length of pendant flexible cord or cable that terminates in a cord ¢
nently'connected to the supply circuit.

with different
circuits from

bt in use.

netal, burning

rigging.

onnector and

3.20 ENCLOSURE - A material provided to enclose electrical parts and components that present a risk
of fire. When determined to comply with applicable additional requirements, all or part of the enclosure is
capable of also serving as an accessibility barrier, dripping material barrier, or lamp-containment barrier.

3.20A ENV

IRONMENTAL LOCATIONS:

a) Dry Location — A location not normally subject to dampness, but may include a location subject
to temporary dampness, as in the case of a building under construction, provided ventilation is
adequate to prevent an accumulation of moisture.

Note: A special allowance in Article 520 of the NEC (NFPA 70) permits portable stage and studio lighting equipment and
portable power distribution equipment not identified for outdoor use shall be permitted for temporary use outdoors, provided
the equipment is supervised by qualified personnel while energized and barriered from the general public.
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b) Damp Location — An exterior or interior location that is normally or periodically subject to
condensation of moisture in, on, or adjacent to, electrical equipment, and includes partially
protected locations.

c) Wet Location — A location in which water can drip, splash, or flow on or against electrical
equipment.

3.21

FLOODLIGHT — A luminaire that produces an intense and broad light beam.

3.22 FOOTLIGHT - A striplight located at foot level along the front of the stage or cyclorama (a stretched
cloth across the back of the stage used to form the background).

3.23 GOB
luminaire fo

9

3.24 HAND
the use of a
deflection-typ|

3.25 HIGH-
envelope exc
arc lamps. A

3.26 INTER
or that stops
opened or a d

3.27 IRIS -
opening in th
spotlight.

3.28 KNOC

can be readil
connector or

3.29 LAMP
arc electrode

3.30 LAMP

— A perforated plate or disk that is part of, or capable of being added to and‘sy
he purpose of projecting images or patterns.

pported by, a

SECURED JOINT — A joint that is designed to be tightened or secured’by hang and without

tool. Examples of a hand-secured joint include a threaded knob,’a twist-type
e tab or latch.

PRESSURE LAMP — An electric discharge lamp which @xhibits a pressure W
eeding 103.4 kPa (15 psi) at any time. Such lamps include short-arc xenon ang
high-pressure sodium lamp is not a high-pressure lamp’as defined herein.

| OCK MECHANISM — A mechanism that de-enetgizes parts involving a risk of
moving parts before they become accessible to the user when the enclosure
over is removed.

An adjustable arrangement of thin.plates that form an opaque area with a var

e center of the arrangement. The)iris is used to control the size of a light bea

KOUT — A precut portion-of the wall of an outlet box or enclosure, or a feed ¢
removed at the time of installation in order to provide an open hole for the att
itting.

- A device-gonsisting of a glass or quartz envelope, a filament and filament sup
5, a baseyrand the like that is the source of illumination.

CONTAINMENT BARRIER — A barrier intended to limit the emission of:

latch, and a

ithin the arc
other short-

blectric shock
of the part is

iable circular
m, as from a

bnnector that
bchment of a

ports, electric

a) Quartz particles of a ruptured tungsten-halogen lamp or of an electric discharge lamp of other
than the fluorescent type or

b) Lamp-envelope particles, lamp metal parts, and other lamp parts that result from the explosion
of a high-pressure lamp.

3.31
capable of be

ing changed by barn-doors, shutters, and the like.

LIGHT BEAM — The illumination generated by a lamp. The size and shape of the light beam is

3.32 LIMITED-VOLTAGE/CURRENT CIRCUIT — A circuit that complies with the requirements specified
in Limited-Voltage/Current Circuits, Section 27, and is supplied from an isolated secondary winding of a

transformer.
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3.33 LOW-VOLTAGE COMPONENT FAN — A component fan intended to be used in an isolated,
secondary circuit, rated a maximum of 30 V rms (42.2 volts peak), or 60 V DC, and complying with the
requirements for such fans in the Standard for Electric Fans, UL 507.

3.34 LUMINAIRE — A complete assembly that includes an enclosure, a lamp, a lampholder, a mounting
means, a power supply connection means, and the like. A luminaire is also capable of including other
parts such as barn-doors or shutters.

3.35 MOTOR DRIVE CIRCUIT — The circuitry intended to control the operation of a motor. Operation
characteristics controlled include motor energization/deenergization and rotor speed, direction, or position.

3.36 NON-STANDARD -RECERTACLE CORD CONNECTOR,—and—RPLUG———A—receptacle, cord

connector, o
current rating
an industry. §

3.37 OPEN
openings.

3.38 ORDI

3.39 OVER
above the flo|

3.40 POLE
virtue of its
ground. Whg

capable of bging categorized as the pole least capable of striking ground.

3.41 PORT
mounting.

3.42 PROS
and separate

3.43 RECE
attachment p

3.43A RISH

" plug that has a slot or blade or pin configuration that has not been assigneg
by a nationally-recognized, standards-developing organization or by the(gene
btage-type fittings are categorized as non-standard.

ING — A hole in the wall of a required enclosure. An open hole’and a knoc

NARY TOOLS - Flat-blade and cross-head screwdrivers, ¢creéscent wrenches, an

HEAD PRODUCT - A product provided with a mounting means for mountin
or to a wall, ceiling, pipe, or other structure.

LEAST CAPABLE OF STRIKING GROUND - A pole that is referenced to

position, potential, or both, relative to other poles of the device, is least capa
re two or more poles are equally least capable of striking ground, any one o

ABLE STRIPLIGHT — A shortiength of cord-connected striplight with a means

CENIUM SIDELIGHT - A striplight on or in the proscenium (the wall that fran
s the stage from the auditorium).

PTACLE ~"A* connector device permanently connected to the supply circuit
lug is connected.

(. OFVELECTRIC SHOCK — A risk of electric shock exists between any tw

a voltage or
ral practice of

kout are both

d pliers.

j the product

ground or, by
ble of striking
f the poles is

for temporary

nes the stage

to which an

D uninsulated

conductive

5 r ot n PRT- S -1 P-¢ -~ | V= IRP-X 1) Bart = | thararind of L1 il
dito Ul YTLWTTIT diT uritiouialtcu CUTTUULUVE part dairrd oartrt HIUUIIU mure oourinm

\uous current

flow through a 1500 Q resistor in parallel with a 0.15uF capacitor connected between the two points
exceeds 5 mA rms (7 mA peak) and if the open circuit voltage exceeds the limits specified in Table 3.1 for
dry, damp, and wet locations.
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Table 3.1
Voltage Limits

Maximum voltage
Waveform type®
Dry and damp locations Wet locations
Sinusoidal ac 30Vrms 15V rms
Non-sinusoidal ac 42.4 V peak 21.2'V peak
dcbe 60V 30V

@ For a combined ac + dc waveform, the wet location voltage limit must be the non-sinusoidal ac limit where the dc voltage is no
more than 10.45 V, and must be (16.5 + 0.225 * dc voltage) V where the dc voltage is greater than 10.45 V. The dry and damp
location voltage limit must be twice these amounts.

b If the peak-to- iered a

combined wavg

¢ DC waveforms interrupted at frequencies between 10 and 200 Hz must be limited to 24.8 V in dry and damploeatipns, and 12.4
V in wet locatiops.

3.43B RISKOF FIRE — a risk of fire exists in all electrical circuits except:

a) When Viax Imax OF VAnax are within the Class 2 circuit limitations as defined in Artigle 725 of the
NEC;

b) A Limited-Voltage /Current Circuit complying with the requirements in Section 27;

c) A Limited Power Source complying with the requirements in the Standard fof Information
Technplogy Equipment — Part 1, UL 60950-1; or

d) A circuit that is limited to 15 W of power undernormal and single fault conditions, as|measured in
accordlance with the Circuit Power Limit Measurement test in UL 8750.

3.44 RISK OF INJURY TO PERSONS - A'condition that exists when stationary parts (slich as sharp
metal edges| and projections), moving ~parts (such as gears, chains, or linkages), falling objects,
inadequate mechanical strength of material, or the physical instability of the equipment, ar¢ such that a
person is cappble of being injured.

3.45 SCROLLER - A mechanism with a roll of thin plastic film or other material which is p3rt of, or shall
be added to gnd supported by/ a luminaire for the purpose of projecting images or colors. The film scrolls
between two pylindrical drums on either side of the involved light aperture.

3.46 SECONDARYACIRCUIT — A circuit that is conductively connected to the secondary|winding of a
transformer.

3.47 SHUTTER — A mechanical device, similar to an iris, used to control the amount of illumination from
alamp.

3.48 SPOTLIGHT — A luminaire that produces a relatively intense light beam that illuminates only a small
area, used especially to center attention on an object.

3.49 STANDARD RECEPTACLE, CORD CONNECTOR, or PLUG — A receptacle, cord connector, or
plug that has a slot or blade or pin configuration assigned a voltage and current rating by a nationally-
recognized, standards-developing organization or by the general practice of an industry. Examples of
standard fittings as defined in this paragraph and used in this standard are:

a) Fittings with a slot, blade, pin, or sleeve configuration as specified in the Standard for Wiring
Device Configurations, UL 1681, and other configurations specified in the National Electrical
Manufacturers Association (NEMA) publications for wiring devices and
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b) Fittings with a pin or sleeve configuration as specified in the Standard for Pin and Sleeve
Configurations, UL 1686, or the Standard for Plugs, Receptacles, and Cable Connectors of the Pin
and Sleeve Type, UL 1682.

3.50 STILL PHOTOGRAPHY LIGHT — A portable, spring-type clamp-on, or freestanding floodlight or
spotlight intended for use in still photography studios, and using incandescent lamps totaling not more
than 2000 watts or fluorescent lamps.

3.51 STRIPLIGHT — A continuous row of small floodlights wired in three or four circuits.

3.52 TRIP-FREE - A type of reset mechanism constructed so that, regardless of the position of the
actuating ha '\rﬂn’ button-or |Q\IQF’ the contacts cannot be held in the closed pncifinn when the unit has

tripped.

3.53 WATHR-SHIELD - A part other than a gasket that is wetted during the Rain Test; Secfion 47, and is
relied upon td comply with the requirements of the rain test.

CONSTRUCITION — MECHANICAL
4 General

4.1 A luminaire shall be provided with a reflector(s) or other géiards to protect the lamps frojm mechanical
damage and|inadvertent contact with scenery and other combustible material.

4.2 A freesjanding luminaire, a unit that comes attachedto a stand, or a unit that has a stand specifically
intended for it shall be constructed so it does not tip over when subjected to the Stability Test,| Section 35.

Exception: A luminaire that is intended for unjversal mounting onto a base or tripod that i§ not provided
with the lumihaire need not be tested for stability.

4.3 A prodyct shall be provided with.a)ymeans for mounting or support.

4.4 An overhead product intended to be suitable for use with an accessory shall be providgd with means
for mounting|or support of the accessory.

Exception: An overhead-product intended to be suitable for use with a cardboard color gel frame secured
by adhesive [tape, er.another accessory with an equally low risk of injury when the accessary falls, is not
required to be provided with means for mounting or support of the accessory.

4.5 A connector strip fabricated from sections joined together in the factory or the field shall be provided
with a means for mounting or support of each section. A connector strip section having a length exceeding
3 m (10 feet) shall be provided with a means for mounting or support for every 2.4 m (8 feet) or partial 2.4
m of length. Mounting means shall be provided for a terminal box of a hanging connector strip at which a
power supply cord terminates.

Exception: A connector strip section having a length of 0.9 m (3 feet) or less is not required to be provided
with a means of mounting or support other than the joint to the adjacent section, when the adjacent
section's means of mounting or support is located not more than 0.6 m (2 feet) from the joint.
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5 Corrosion Protection

5.1 Iron and steel parts shall be protected against corrosion by painting, enameling, galvanizing, plating,
or other equivalent means when the malfunction of such unprotected parts presents a risk of fire, electric
shock, or injury to persons.

Exception No. 1: When the oxidation of iron or steel from exposure of the metal to air and moisture is not
appreciable — thickness of metal and temperature also being factors — surfaces of sheet steel and cast-
iron parts within an enclosure are not required to be protected against corrosion.

Exception No. 2: Bearings, laminations, or minor parts of iron or steel (such as washers, screws, and the
Ilke) are not re ql ired to bhe pr’nfnr\fad cgainof oarrosion

6 Enclosurges
6.1 All splicgs, taps, wires not jacketed with glass fiber sleeving with a wall thickness of at least 0.64 mm
(0.025 inch),| transformers, current-carrying parts or devices with exposedilive metal, and leads or
terminals for field connection of supply wires shall be enclosed in material specified in 6.2.

Exception Ng. 1: A component device (such as a motor) with an integral outer enclosure that complies
with 6.2 is not required to be additionally enclosed.

Exception N¢. 2: Lampholder shells that are connected:te the grounded (neutral) cqnductor and
lampholder contacts that are accessible only during relamping are not required to be enclosed.

6.2 The endlosure required in 6.1 shall be constructed of metal, glass, ceramic, porcelain, or a polymeric
material thatl complies with the Standard for_Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.

6.3 After aspembly, there shall be no openings in an enclosure other than those specified in Openings,
Section 8.

7 Metal Thickness
7.1 Sheet npetal

7.1.1 Sheet| metal used in the construction of an enclosure or wireway shall be at leas} as thick as
indicated in Table 7.1.

Exception No. T7: A minimum thickness is not specified for:
a) A reflector part that does not form part of the enclosure or

b) Any part not required to serve as the enclosure, to provide structural integrity, or to act as
support of a wiring device.

Exception No. 2: A form of construction that uses metal with a thickness less than required in Table 7.1 is
not prohibited from being used when investigated and determined to provide strength and protection
equivalent to constructions in compliance with Table 7.1.
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Table 7.1
Minimum thickness of sheet metal
Copper, brass, or
Uncoated steel, Zinc-coated steel, aluminum,

Specific construction mm (inch) mm (inch) mm (inch)

At opening for conduit connection?® 0.81 0.032 0.86 0.034 1.02 0.040

Length more than | Component® 0.66 0.026 0.74 0.029 0.81 0.032

26inches (660 | support 0.51° 0.020° 0.58° 0.023° 0.64° 0.025°
mm)

No component 0.51 0.020 0.58 0.023 0.64 0.025

support 0.41° 0.016° 0.48° 0.019° 0.51° 0.020°

Length 26 incl-Es Tomponent’ U5T U.020 U538 U023 U674 0.025

(660 mm) orleps | support 0.41° 0.016° 0.48° 0.019° 0.51 0.020

No component 0.41 0.016 0.48 0.019 0261 0.020

support 0.33° 0.013° 0.41° 0.016° 0.41° 0.016°

@ For an opening in a recessed housing that also serves as an enclosure, the minimum thickness is;
a) 0.6 mm (0.026 inch) when of uncoated steel;
b) 0.74 mm (0.029 inch) when of zinc-coated steel; or

c) 0.8f1 mm (0.032 inch) when of copper, brass, or aluminum.
b In this table, {component" refers to an electrical device, such as a lampholdef.or switch.

¢ Minimum reqliired thickness for forms of construction that have been detetnjined to provide the physical strength and protection
in accordance with 7.1.

7.1.2 A metal striplight or connector-strip trough or\wireway containing circuit conductors ghall be made
of sheet metal not less than 0.79 mm (0.031 inch) thick.

7.2 Cast metal

7.2.1 Cast metal thickness shall comply with the requirements in Table 7.2.

Table 7.2
Cast metal thickness
At unreinforced areas exceeding
35 square inches (226 cm?), At all other areas,

Metal mm (inch) mm (inch)
Die-cast metal 2-0 5164 42 3/64
Cast malleable iron or permanent mold cast 2.4 3/32 1.6 1/16
aluminum
Other cast metal 3.2 1/8 24 3/32

8 Openings

8.1 The requirements in this section apply to permissible openings in the enclosure as described in 6.1.

8.2 An open hole in the enclosure as specified in 6.1 shall not exceed the dimensions specified in Table
8.1.
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Table 8.1
Maximum size of miscellaneous open holes

Dimension, Maximum area,
Shape of opening mm (inch) cm? (inch?)
Slot 9.5 3/8 9.68 1-1/2
(width)
Square 12.7 1/2 - -
(side)
Round 12.7 1/2 - -
(diameter)
Irregular - - 9.68 1-1/2
8.3 The totgl area of one or more open holes shall not be more than 15 percent of the area ¢f the surface
in which it is Ipcated. This includes the wiring compartment or integral outlet box Cempartment.
8.4 The endlosure shall be constructed so that molten metal, burning insulation, flaming patticles, or the
like do not fall on the surface below.
8.5 The reqpirement in 8.4 specifies that an opening in an enclosure bottom be provided wjth a dripping

material barri

a) Ung

br above or below the opening when the opening.is:

er a motor, unless:

barrier;
2) The protection provided with) the motor is such that no burning insulati
the following fault conditions?

i) Open main winding,

ii) Opep-starting winding,

iii)-Starting switch short-circuited, and

iv) For a permanent-split-capacitor motor, the capacitor is short-circuit

1) The structural parts of the motor or of the appliance provide the equivalg

material falls to the surface below the appliance when the motor is energized U

nt of such a

bn or molten
nder each of

circuit is to be applied before the motor is energized and the rotor is to be blocked.

}d. The short

3) The motor Is provided with a thermal motor protector (a protective device th

at is sensitive

to both temperature and current) that prevents the temperature of the motor windings from
becoming more than 125°C (257°F) under the maximum load under which the motor runs
without causing the protector to cycle, and from becoming more than 150°C (302°F) with

the rotor of the motor locked; or

4) The motor complies with the requirements for impedance-protected motors;

b) Under wiring, unless the wiring complies with the VW-1 (Vertical-Specimen) Flame Test in the
Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581;

¢) Under an unenclosed switch, transformer, relay, solenoid, and the like, unless it can be shown

that m

alfunction of the component does not result in a fire; or

d) Under field- and factory-made splices and overload and overcurrent protection devices.
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Exception: A dripping material barrier is not required to be provided when the opening is not within the
area under the component requiring a barrier as illustrated by Line D in Figure 8.1.

Figure 8.1

Location and extent of barrier
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8.6 The dripping material barriefispecified in 8.5 shall be:
a) Hofizontal;

b) Of|metal, ceraniic, or a material that can be used as an enclosure material in ac¢ordance with
6.2;

c) Logated, as indicated in Figure 8.1; and

d) Shall have an area not less than that described in Figure 8.1.
8.7 The mounting surface of the luminaire enclosure shall have no unused openings.
9 Restraint of Overhead Objects

9.1 The structure and all joints of an overhead product and its accessories shall be capable of supporting
a static load of not less than six times the actual load supported. The joints to be evaluated include all
manufacturer-assembled joints and user-affected joints. Where it is not evident that the materials and
dimensions of the parts involved have the specified strength, the parts shall be subjected to the Overhead
Product Static Loading Test, Section 37.

Exception No. 1: The strength of a structural component or a joint is not required to be evaluated when
failure of the component or joint does not result in an object falling to the floor.
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Exception No. 2: The structure and joints supporting a cardboard color gel frame secured by adhesive
tape, or other accessory that presents a low risk of injury when it falls to the floor, are not required to be
evaluated.

9.2 A safety cable, safety chain, or other field-installed backup-restraint device intended to "catch" a
falling object shall be capable of supporting a static load of not less than six times the intended load. When
it is not evident that the backup-restraint device is capable of supporting a weight of six times the marked
maximum load weight, the device shall be subjected to the Backup Restraint-Device Loading Test, Section
38.

10 Lamp-Containment Barriers and UV Radiation Filters

10.1 Generlal

nents in this
and electric
ther than the

10.1.1 The Jrequirements in this section are supplementary to other applicable, requirer
standard and apply to stage and studio luminaires incorporating tungsten-halogen lamps
discharge lanips that are not provided with an integral glass outer envelope and'that are of o
fluorescent type.

10.2 Lamp-containment barriers

10.2.1 A lurinaire intended for use with one of the following {amp types shall be provided
containment barrier as defined in 3.30:

with a lamp-

a) A tngsten-halogen lamp.

Excep
the la
outer
specif]

b) An

tion: A luminaire intended for use withta non-pressurized, tungsten-halogen la
np manufacturer does not require anenclosure, or a tungsten-halogen lamp wi
bnvelope, is not required to be provided with a lamp-containment barrier when
ed in 58.4 is provided.

electric discharge lamp that'is not provided with an integral glass outer envelog

of other than the fluorescent type.

c)Ah

10.2.2 Alan

gh-pressure lamp as defined in 3.25.

p-containmient barrier shall be constructed of:

a) Me

b)

Glaps, porcelain, or ceramic at least 3.0 mm

[

| at Jeast'0.41 mm (0.016 inch) thick;

(1/8 inch) thick for metric trade size gla

mp for which
th an integral
the marking

e and that is

5S, Or

c) Polymeric material having a relative thermal index with impact at the involved thickness of not
less than the temperature encountered on the lamp-containment barrier surface during the
Temperature Test, Section 30.

When a lamp-containment barrier also serves as an enclosure, the lamp-containment barrier shall also
comply with applicable enclosure thickness and other enclosure requirements.

Exception: A lamp-containment barrier constructed of glass is not prohibited from being less than 3.0 mm
thick [but is to be at least 2.4 mm (3/32 inch) thick] when it is intended for use with other than a high-
pressure lamp and a lamp rated less than 100 watts.

10.2.3 A lamp-containment barrier shall be secured in position by:
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a) A mechanical means that produces an interference fit;
b) Physical fit; or

c) Other means determined to be equivalent.
10.3 Tungsten-halogen lamps

10.3.1 A lamp-containment barrier shall not have any open holes greater than 3.2 mm (1/8 inch) thick
diagonally or in diameter when the openings are line-of-sight between the lamp and any points outside the
fixture. [Standard metal-wire mesh having 4 square openings per linear cm (16 square openings per linear
inch) has been determined to comply with the requirements in 10.2.2, 10.2.3, and 10.3.1.]

10.4 Electllic discharge lamps other than fluorescent and high-pressure lamps
10.4.1 Alamp containment barrier shall comply with 10.3.1.

10.4.2 Those surfaces of a lamp-containment barrier on which particles of a ruptured lamg come to rest
shall be congtructed of:

a) Mettal;
b) Hept-resistant glass such as tempered, annealed, or bordsilicate glass;

c) Glgss material other than tempered, annealed, orborosilicate glass that complies with the Glass
Therrmal Shock/Containment Test, Section 43; or.

d) A polymeric material that compliest*with the Polymeric Lamp-Containfnent Barrier
Flammability/Containment Test, Section 44:

10.5 High-pressure lamps

10.5.1 The|lamp-containment barrier’ shall be constructed so that glass, quartz, or metal fragments
resulting from a hot lamp explosion, are totally contained.

10.5.2 A lamp containment.barrier shall comply with 10.4.2.

10.5.3 A dpor that-sérves as part of a lamp-containment barrier for a high-pressure lamp shall be
provided with an intertock mechanism.

10.54 Re C = S = = r a cold high-
pressure Iamp shall reqwre the use of a key Iock W|th a removable key A second and separate fastening
means required to be unfastened to obtain final access to the lamp compartment shall also be provided.
The construction shall be such that both fasteners are required to be properly secured before the lamp is
energized.

10.6 UV radiation filter

10.6.1 A luminaire that uses an electric discharge lamp not provided with an integral glass outer
envelope and that is of other than the fluorescent type shall be provided with a UV radiation filter as
specified in 10.6.2 - 10.6.7.

10.6.2 A UV radiation filter shall be provided for all UV radiation directly emitted from the lamp and for UV
radiation that reflects off only one surface after emitting from the lamp.
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10.6.3 A UV radiation filter shall be of metal at least 0.41 mm (0.016 inch) thick, glass as specified in
10.6.4, or polymeric material as specified in 10.6.5.

10.6.4 The glass material of the UV radiation filter specified in 10.6.2 shall be:

a) Minimum 4.0-mm (5/32-inch) thick sodalime glass or
b) Minimum 3.2-mm (1/8-inch) thick glass with a transmission characteristic in accordance with
Table 10.1.
Table 10.1
Ultraviolet t A | teristi
Wavelength, nanometers Maximum transmission, percent
350 85
320 40
300 8
290 0.5
Less than 280 0.1
10.6.5 A polymeric material of the UV radiation filter specified in.40)6.2 shall:
a) Be minimum 2.4 mm (3/32 inch) thick;
b) Haye the transmission characteristic in accordance with Table 10.1;
c) Be resistant to UV radiation in compliancewith the requirements in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaltations, UL 746C;
d) Be suitable for the temperature encountered;
e) Be fated HB minimum; and
f) Whegn not flat, comply withrthe mold stress-relief requirements in UL 746C.
10.6.6 Any jopen holes in the UV radiation filter shall be provided with a baffle or similpr feature to

prevent emiss

10.6.7 Ado
luminaire sha|

ion as specified in 10.6.2.

br that-serves as a UV radiation filter shall be provided with an interlock mechar
| be'marked in accordance with 58.6.

ism; and the

11 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

11.1  To reduce the risk of unintentional contact and electric shock from an uninsulated live part or film-
coated wire operating at greater than 30 volts (42.4 volts peak) between live parts of opposite polarity or
between live parts and ground, or injury to persons from a moving part, an opening in an enclosure shall
comply with either (a) or (b).

a) For an opening that has a minor dimension (as defined in 10.5) less than 25.4 mm (1 inch), such

a part

shall not be contacted by the probe illustrated in Figure 11.1.

b) For an opening that has a minor dimension of 25.4 mm or more, such a part or wire shall be
spaced from the opening as specified in Table 11.1.
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Exception No. 1: Lampholder shells connected to the grounded (neutral) conductor and lampholder
contacts that are accessible during relamping are not required to comply with this requirement.

Exception No. 2: A motor is not required to comply with this requirement when it complies with the
requirements in 11.2.

Exception No. 3: Wires jacketed with an outer glass-fiber sleeve with a wall thickness of at least 0.64 mm
(0.025 inch) are not required to comply with this requirement.
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Figure 11.1

Articulate probe with web stop
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Table 11.1
Minimum distance from an opening to a part that involves a risk of electric shock or injury to
persons
Minor dimension of opening,? Minimum distance from opening to part,
mm (inches) mm (inches)
19.1° 3/4° 114.3 4-1/2
25.4° 10 165.1 6-1/2
31.8 1-1/4 190.5 7-1/2
38.1 1-1/2 317.5 12-1/2
47.6 1-7/8 393.7 15-1/2
54.0 2-1/8 4445 1711/2
192.4 6 762.0 30
NOTE - Interpplation is to be used to determine a value between values specified in the table.

@ See 11.5.
® Any dimensid

n 1inch (25.4 mm) or less applies to a motor only.

11.2  With r
Exception Ng

a) An
be us

b) An
when

bgard to a part or wire as specified in 11.1, in an integral enclesure of a motor (z
.2t0 11.1):

opening that has a minor dimension (as described-in41.5) less than 19.1 mm (
ed when:

1) A moving part is not capable of being contacted by the probe illustrated in Fi
2) Film-coated wire is not capable of b&ing contacted by the probe illustrated in

3) In a directly accessible motor: (as described in 11.6), an uninsulated li
capable of being contacted by:the probe illustrated in Figure 11.4; and

4) In an indirectly accessible motor (as described in 11.6), an uninsulated li
capable of being contaeted by the probe illustrated in Figure 11.2.

opening that has-a-minor dimension of 19.1 mm or more is not prohibited fro
a part or wire is'spaced from the opening as specified in Table 11.1.

s specified in

B/4 inch) shall

qure 11.2;
Figure 11.3;

e part is not

ve part is not

m being used
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Figure 11.2

Probe for moving parts and uninsulated live parts
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Figure 11.3

Probe for film-coated wire
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Figure 11.4
Articulate probe
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11.3 The probes specified in 11.1 and 11.2 and illustrated in Figure 11.1 — Figure 11.4 shall be applied to
any depth that the opening permits and shall be rotated or angled before, during, and after insertion
through the opening to any position that is required to examine the enclosure. The probes illustrated in
Figure 11.1 and Figure 11.4 shall be applied in any possible configuration and, when required, the
configuration shall be changed after insertion through the opening.

11.4 The probes specified in 11.3 and 11.5 shall be used as measuring instruments to determine the
accessibility provided by an opening, and not as instruments to evaluate the strength of a material. They
shall be applied with the minimum force required to determine accessibility.

11.5 With reference to the requirements in 11.1 and 11.2, the minor dimension of an opening is the

diameter of the largest cylindrical probe having a hemispherical tip that is capable of being inserted
through the gpening.
11.6  With r¢ference to the requirements in 11.2, an indirectly accessible motor is a motor:

a) Th
panel

b) Th

A directly ad
located so as

11.7 During
or11.2,apa
(for example

Exception: A
positive and|
requirement.

11.8 Withr
additionally ¢

12 Produc

bt is accessible only by opening or removing a part of the outer ené€losure, such
that is capable of being opened or removed without using a tool or

bt is located at such a height or is otherwise guarded or enclosed so it is not conf

cessible motor is capable of being contacted without*opening or removing 4
to be accessible to contact by the user.

the examination of a product to determine whether it complies with the require
it of the enclosure that is capable of being:6pened or removed by the user witho
to attach an accessory or make an adjustment) is to be opened or removed.
part of the enclosure fastened by use of a thumbscrew or equivalent means t
deliberate action by the user-to open or remove it is not required to con
eference to the requirements in 11.1 and 11.2, insulated brush caps are not

nclosed.

s for Use in'Damp Locations

Section 12 deleted

as a guard or

acted.

ny part or is

ments in 11.1
It using a tool

hat requires a
ply with this

equired to be

13 Produc

Section 13 deleted

CONSTRUCTION - ELECTRICAL

14 General

14.1

A wiring device (a switch, fuseholder, lampholder, or the like) shall be prevented from any turning

that applies tension to splices or other wiring connections, damages the wiring, or otherwise adversely
affects the assembly.

14.2 A wireway shall be free from burrs and sharp edges and of such construction that a light is capable
of being wired without damage to the conductor insulation.
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14.3 A luminaire shall be constructed so all lamps can be replaced without damaging any wiring,
component, or part.

14.4 A disappearing footlight shall be arranged so that it is automatically disconnected from the supply
when the footlight is moved into the recessed position.

14.5 Electrical components and electrical insulating materials, including insulated wire splicing
connectors, insulated wire terminals, and insulated conductors, shall have a voltage rating of not less than
the voltage involved during intended use.

Exception: Electrical components and electrical insulation materials only involved with a Class 2 circuit or

a limited-volta ga/r\l rrent circuit are not reqi Hred to have an Qoelgnad |/nlf::gn rahng

15 Switches
15.1 A switg
the switch sh
its current rat

h shall be rated for the voltage and current of the circuit it controls and the am
bll be multiplied by the derating factor as indicated in Table 15.1hwhen determi
ng is suitable for the current handling capability of the specified.load.

bere rating of
ning whether

Table 15.1
Switch derating factors

I Switch type
Switching|load AC general use?® AC "L" or AC-DC "T"? AC DC

Transformer or motor none nene 12 -
Receptacle none none 1/6 1/10
Incandescent Igmp none none 1/6 1/10
LED none none none none
@ This column applies to general-use AC switches, (for mounting in flush-device outlet boxes) and also to switches of the fixture,
pendant, and tHrough-cord types rated AC only.
® A switch, othef than a type specified in noté a, that has been investigated for the control of tungsten-filament lamp$, is marked
with the letter "T" or "L" in conjunction with\the current rating at which the tungsten-filament lamp rating applies; for gxample, "1
ampere, 125 vdlt, T."

15.2 A switq
the electric di

16 Transfo

h shall net,be connected to the secondary circuit of a ballast unless it is rated
scharge lamp load involved.

mers

| 161 Delete
16A Power

16A.1
standards:

for switching

d

Supplies, LED Drivers and Transformers

a) The Standard for Class 2 Power Units, UL 1310;

A power supply or LED driver shall comply with the requirements of one or more of the following

b) The Standard for Information Technology Equipment — Safety — Part 1: General Requirements,

UL 60

950-1;

¢) The Standard for Power Units Other Than Class 2, UL 1012;


https://ulnorm.com/api/?name=UL 1573 2023.pdf

JULY 20, 2023

UL 1573

29

d) The Standard for Fluorescent-Lamp Ballasts, UL 935;

e) The Standard for High Intensity Discharge Ballasts, UL 1029; or

f) The Standard for Light Emitting Diode (LED) Equipment for Use in Lighting Products, UL 8750.

16A.2

A transformer shall comply with any one following standards:

a) The Standard for Low Voltage 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

b) The—StandardforTransformers—and-Motor Transformers—for Use—in—Audic
Television-Type Appliances, UL 1411;

c) The Standard for Low Voltage Transformers — Part 2: General Purpose Transform
2; or

d) The Standard for Dry-Type General Purpose and Power Transformers, UL 1561.

The transforgner shall additionally comply with the overload performance.requirements in ong
transformer s

16A.3 A pg

environment

17 Motors
171 Gene

1711 The
lamp heads,

17.2 Moto

17.2.1 Mot

1722 Am

Radio- and

tandards or shall comply with the Transformer Overload, Test, Section 39.

wer supply, LED driver, or transformer shall be<used within its rated input
bl ratings.

Motor Drive Circuits, and Fans
al

5e requirements cover fans as-well as motors and motor drive circuits used to m
shutters, mechanical strobés; gobos, mirrors, and the like.

of 17.2.2 ="47:2.5.

otor shall comply with the requirements in the Standard for Rotating Electrics

ers, UL 5085-

of the above

output, and

ove or retract

ors in other.than a Class 2 or a limited-voltage/current circuit shall conpply with the
requirements

| Machines —

General Req |rements UL 1004 1, and shaII be capable of dellverlng |ts maximum mtende load without

introducing a

drives when the Ium|na|re and the motor are operatlng as mtended

s the load the motor

Exception: A motor that is part of an electric fan complying with the requirements for fans in 17.4, is not
required to be further evaluated to the requirements in UL 1004-1.

17.2.3 A motor shall incorporate overload protection against running-overload and locked-rotor

conditions. T

he required protection shall consist of one of the following:

a) Thermal protection complying with the applicable requirements in the Standard for Overheating
Protection for Motors, UL 2111.

Exception No. 1: Where a fan blade or blower wheel is attached directly to the motor shaft, a motor
and its protection is not required to comply with the Running Heating Temperature Test in UL 2111.
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Exception No. 2: A shaded pole motor having a difference of 1 ampere or less between no-load
and locked-rotor currents and having a 2:1 or smaller ratio between locked-rotor and no-load
currents are not required to be protected against locked-rotor conditions only.

b) Impedance protection complying with UL 2111, when the motor is tested as used in the product

under

locked-rotor conditions.

Exception: A motor that is part of a low-voltage component fan complying with the requirements for fans in
17.4, is not required to be further evaluated.

17.2.4 The rotor of a motor, a pulley, a belt, gears, a chain, a fan, or other moving part that presents a
risk of injury to persons shall be enclosed or guarded to reduce the risk of unintentional contact with the

moving part.

17.2.5 A m¢tor shall drive its maximum intended load during operation of a lumihaire
without introducing a risk of fire, electric shock, or injury to persons. Maximum intended load
the load the motor drives when the luminaire and the motor are operating as intehded.

17.3 Motor

17.31 A m
Section 27, o
Industrial Cor

Exception: A
not required t

17.3.2 Ther
voltage/curre
live part of an

17.4 Fans

1741 A fa
requirements

drive circuits

ptor drive circuit shall comply with the requirements for Limited-Voltage/Cur
I shall comply with the requirements for motor drive circuits as specified in the
trol Equipment, UL 508.

motor-drive circuit that is part of an electricifan complying with the requiremen
b be further evaluated.

a)

-

are no specifications for insulating material, spacings, and components
ht motor drive circuit other than those that are required to prevent contact with a
pther circuit.

h other than in(a) 'Class 2 or a limited-voltage /current circuit shall com
in the Standard.for Electric Fans, UL 507.

18 Wiring gnd Conductors

18.1 Gener

Al

Dr accessory
is defined as

rent Circuits,
Standard for
tsin 17.4, is
in a limited

h uninsulated

ply with the

18.1.1

A conductor shall be made of copper.

18.1.2 A conductor shall have insulation rated for the voltage and condition of service to which it is
subjected under conditions of intended service.

18.1.3 A lamp circuit conductor in a striplight shall be soldered to the lampholder terminal when the
terminal is of the screw type.

18.1.4 Wire to a lamp-supported lampholder shall be provided with a strain-relief device at the end that
exits the luminaire enclosure. The device shall comply with the test requirement in 34.1 when subjected to
the pulling force specified in the Exception to 34.1.
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18.1.5 When a conductor passes through an opening or crosses over the edge of sheet metal, it shall be
held away from the edges of the metal or shall be protected by a bushing or a grommet, or by rolling the
edge of the metal not less than 120 degrees. Sleeving is not to be used as a means of preventing cutting
and abrasion of wires.

Exception: The edges of sheet metal thicker than 1.07 mm (0.042 inch) are only required to be treated to
remove burrs, fins, and sharp edges by reaming or an equivalent method.

18.1.6 A product shall be constructed so that wires can be factory- or field-installed, as involved, without
damaging the conductor insulation. A wire enclosure shall be free from burrs, fins, and other sharp edges

that come into contact with wires.

18.1.7 Not
exposedina

Exception: M
they do not ¢

18.1.8 Aby
of insulating

Exception: A
mechanical

18.2 Ampacity and temperature

18.2.1 Aco

a) Th
less t

b) Th

more than 4.8 mm (3/16 inch) of the threads of sheet metal and self-tapping’ g
wire enclosure.

ore than 4.8 mm of screw threads may be exposed when wires areheld or pos
pme into contact with the threads.

shing used to comply with 18.1.5 shall be securely held in place, and a bushin
material shall be at least 1.2 mm (3/64 inch) thick. A rubbefbushing shall not be

bushing less than 1.2 mm thick may be use@) When an investigation sh
roperties contemplated are provided.

b conductor shall be sized as spéecified in Table 18.1 and Table 18.2 to have an
nan the load current value detérmined as specified in 18.3.2;

b conductor shall:

1) Be a conducterwithin a flexible cord or cable that is not part of a drop cord
the number of current-carrying conductors exceeds three and

2) Be sized as specified in Table 18.1 and Table 18.2 to have an ampacity not
valueobtained by multiplying the load current value determined as specifieq
thesampacity reduction factor specified in Table 18.3; or

¢) The cenductor:

nductor that supplies a receptacle or cord connector shall comply with (a), (b), of

rews shall be

fioned so that

g constructed
used.

ows that the

(c):

ampacity not

and in which

less than the
in 18.3.2 by

1) Shall be other than a conductor within the flexible cord or cable that is part o

2) Shall be sized not less than 0.82 mm? (18 AWG); and

f a drop cord;

3) Shall be part of a construction that complies with the requirements described in the

Temperature Test, Section 30.

All other conductors shall not be less than 0.82 mm?. Figure 18.1 shows an example of the application of
this requirement.
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Table 18.1

Maximum ampacities of wires and cords used to supply receptacles and cord connectors for wire
sized 18 — 10 AWG

Type of wire, cord, or cable

Ampacity (amperes),

18 AWG?®

16 AWG?®

14 AWG?®

12 AWG?®

10 AWG?®

Appliance wiring material and
thermoplastic-insulated wire with:

60°C temperature ratingb —(6)
75°C temperature rating —

90°C temperature rating 14

-(8)

18

20 (17)
20
25

25 (23)
25
30

150°C tempgrature rating -
200°C tempegrature rating -
250°C tempgrature rating -
Fixture wire 6

Flexible cord aryd cable (used as drop
cords and supply cords)

Single-condyictor Types PPE, SC, SCE,
SCT, and W [cable® with:

60°C ten|perature rating -
75°C ten|perature rating -
90°C tem|perature rating -

2-conductor[Types G, PPE, SC, SCE,
SCT, and W [cable® with:

60°C temperature rating -
75°C tenperature rating -
90°C tenperature rating -

3-conductor[Types G, PPE, SC, SCE,
SCT, and W cable® with:

60°C ten|perature rating -
75°C tenperature rating -
90°C ten|perature rating -

2-conductor fflexible cord and\eable 10
other than Type G, PPE/SC;SCE,
SCT, or W¢

3-conductor[flexibléscord and cable
other than Type'G; PPE, SC, SCE,
SCT, or W With:

13

34
36
39
17

18

43
45
54
23

25

60°C temperature rating 7

75°C temperature rating -

90°C temperature rating -

10

15
24
28

20
32
35

30
35
40
55
60
73
28

30

25
41
47

AWG).

insulated wire.

passing through the wall of an enclosure.

3 Sl equivalent cross-sectional area: 0.82 mm? (18 AWG), 1.3 mm? (16 AWG), 2.1 mm? (14 AWG), 3.3 mm? (12 AWG), 5.3 mm?
(10 AWG), 8.4 mm? (8 AWG), 13.3 mm? (6 ANG), 21.2 mm? (4 AWG), 26.7 mm? (3 AWG), 33.6 mm? (2 AWG), 42.4 mm? (1

® The value not enclosed in parentheses applies only to thermoplastic insulated wire; the adjacent value enclosed in parentheses
applies only to appliance wiring material. The values for all other entries apply to both appliance wiring material and thermoplastic

¢ These ampacities apply to single-conductor Type PPE, SC, SCE, SCT, or W cable only where the individual conductors are not
installed in raceways and are not in physical contact with each other except in lengths not exceeding 610 mm (24 inches) where

Table 18.1 Continued on Next Page
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Table 18.1 Continued
Type of wire, cord, or cable Ampacity (amperes),
18 AWG? 16 AWG? 14 AWG? 12 AWG? 10 AWG?

4 These ampacities apply to 2-conductor flexible cords or cables or other multi-conductor flexible cords or cables connected so
that only 2 conductors are current-carrying.

¢ These ampacities apply to 3-conductor flexible cords or cables or other multi-conductor flexible cords or cables connected so
that only 3 conductors are current-carrying.

fThese ampacities apply to flexible cords or cables of the type suitable for extra-hard usage when used to supply borderlights,
connector strips, and drop boxes, and when not in direct contact with enclosures containing heat-producing elements.

other than Type G, PPE, SC, SCE,
SCT, or W°¢

3-conductor flexible cord and cable
other than Type G, PPE, SC, SCE,
SCT, or W€ with:

Maximum Jmpacities of wires and cords us:—:ii tt)cl':esllusp;ﬁly receptacles and cord connectors for wire
sized 8 -1 AWG
Type of Wire, cord, or cable Ampacity (amperes),
8 AWG? 6 AWG? 4 AWG? 3 AWG? 2 AWG? 1 AWG?
Appliance wirig material and
thermoplastic-insulated wire with:
60°C tempgrature rating 40 55 70 85 95 110
75°C tempgrature rating 50 65 85 100 115 130
90°C tempgrature rating 55 75 95 110 130 150
150°C temperature rating 76 96 120 143 160 186
200°C temgerature rating 83 110 125 152 171 197
250°C temgerature rating 93 117 148 166 191 215
Fixture wire - - - - - -
Flexible cord ahd cable (used as drop
cords and supply cords)
Single-conquctor Types PPE, SC,
SCE, SCT, hnd W cable® with:
60°C temnperature rating 60 80 105 120 140 165
75°C temperature rating 70 95 125 145 170 195
90°C tenfperature rating 80 105 140 165 190 220
2-conductof Types G, PRE;SC,
SCE, SCT, pnd W cable¥with:
60°C temperaturexating 55 72 96 113 128 150
75°C tenfperature rating 65 88 115 135 152 178
90°C temperature rating 7% 99 T30 T52 7% 202
3-conductor Types G, PPE, SC,
SCE, SCT, and W cable® with:
60°C temperature rating 48 63 84 99 112 131
75°C temperature rating 57 77 101 118 133 156
90°C temperature rating 65 87 114 133 152 177
2-conductor flexible cord and cable 40 55 70 - 95 -

Table 18.2 Continued on Next Page
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Table 18.2 Continued

Type of wire, cord, or cable Ampacity (amperes),

8 AWG?® 6 AWG? 4 AWG? 3 AWG? 2 AWG? 1 AWG?
60°C temperature rating 35 45 60 - 80 -
75°C temperature rating® 57 77 101 - 133 -
90°C temperature rating® 65 87 114 - 152 -

AWG).

installed in race
passing throug

¢ These ampac
that only 2 cond

9 These ampac|
that only 3 cond

¢ These ampac|

a Sl equivalent cross-sectional area: 0.82 mm? (18 AWG), 1.3 mm? (16 AWG), 2.1 mm? (14 AWG), 3.3 mm? (12 AWG), 5.3 mm?
(10 AWG), 8.4 mm? (8 AWG), 13.3 mm? (6 AWG), 21.2 mm? (4 AWG), 26.7 mm? (3 AWG), 33.6 mm? (2 AWG), 42.4 mm? (1

® These ampacities apply to smgle conductor Type PPE SC, SCE, SCT or W cable onIy where the |nd|V|duaI conductors are not

the wall of an enclosure

ties apply to 2-conductor flexible cords or cables or other multi-conductor flexible cords or cables€o
uctors are current-carrying.

ties apply to 3-conductor flexible cords or cables or other multi-conductor flexible cords or'cables col
uctors are current-carrying.

ties apply to flexible cords or cables of the type suitable for extra-hard usage when used to supply b

rches) where

hnected so

hnected so

rderlights,

connector stripg, and drop boxes, and when not in direct contact with enclosures containing heat“producing elements.
Table 18.3
Ampacity reduction factor for flexible cords and cableswith four or more current-garrying
conductors
Percent of 3-conductor flexible cord and cable ampacities in Talple 18.1 and
Tablé.18.2 based on temperature rating of cord

Numbér of conductors 60°C (140°F) 75°C (167°F) and 909C (194°F)
 through 6 80 80
[ through 9 70 70
10 through 20 50 702
2] through 24 45 702
2% through 30 45 60?
31 through 40 40 60?2
4] through 42 35 60°
4B and above 35 50?

@ These ampac

a) Usq

ty reduction factors apply for flexible cords of the type rated for extra-hard usage when:

d to.supply borderlights, connector strips, or drop boxes;

b) Not

in direct contact with enclosures containing heat-producing elements; and

c) The borderlight, connector strip, or drop box is marked as specified in 59.4 to indicate that it is to be operated with a
minimum load diversity factor of 50 percent.
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Figure 18.1

lllustrative example of requirements in 18.2.1

Product enclosure

18.2.2 Whsg
receptacle o
18.1 and Tab

Internal wiring to which 18.2.1¢a) or,
optionally, 182.1¢c) applies.
o
o
o=
o=
=
Terminals | | —
I I I I Receptacles
O O
S-conductor flexible cord to which —=
18.2.1¢b> applies.
Drop Cords

3-conductor flexible
cords to which 18.2.1¢)
opplies.

77

77 )
OR0

Drop Box

SM692B

n applying the requirement of\18.2.1 to a conductor of a connector strip th
cord connector, the condugtor shall be sized using the 60°C ampacities as spe
le 18.2 for the type of wire, flexible cord, or cable involved.

Exception N¢. 1: It shall be permitted to size a conductor of a connector strip that supplies a

cord connec
the first colu
value specifi

Exception N

or using the ampacity of the conductor having the insulation temperature ratin
mn of Table 18.4, when the insulation temperature rating of the conductor used
bd in the second column of Table 18.4.

p. 2: “The conductor of a connector strip or drop box power supply cord rated

at supplies a
cified in Table

receptacle or
g specified in
| exceeds the

at more than

60°C (140°F) shall be sized using the ampacities assigned for the temperature rating for the gonductors.
Table 18.4
Connector strip conductor ampacity correlation table for Exception No. 1 to 18.2.2
Maximum conductor insulation temperature rating whose . . . . )
ampacities shall be used as specified in Table 18.1 and Minimum temperature rating of appliance wiring material
Table 18.2 or thermoplastic insulated wire
75°C 140°C
90°C 155°C
150°C 215°C
200°C 265°C
250°C 315°C
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18.2.3 A conductor connected to a terminal of an electrical component used in stage and studio lighting

equipment sh

all comply with (a), (b), or (c), as applicable, when:

a) The electrical component is marked to identify both the minimum size and minimum insulation
temperature rating of the conductor to be used, the conductor connected to the terminal of the
electrical component shall have an insulation temperature rating and size not less than that
specified in the marking;

b) The electrical component is marked to identify only the minimum insulation temperature rating of
the conductor to be used (and not the conductor size), the conductor connected to the terminal of
the electrical component shall be sized as specified in 18.2.4 and shall have an insulation

tempe

rature rating not less than that specified in the marking; or

c) The
(a) or
shall h
rated

(167°K

Exception: A
luminaire equ
insulation ten
component 3§
equipment is

18.24 A co
18.2.3(a) and
the current in
(140°F). A ¢
18.2.3(a) and
than the curr
75°C (167°F)

specified in Table 18.1 for thermoplasticjinsulated wire.

18.2.5 A wi
subjected as

18.2.6 Awi
rating of not |

Exception No

e
lss than125°C (257°F).

conductor connected to the terminal of an electrical component not marked’a
b) shall be sized as specified in 18.2.4. The conductor of a circuit rated 100 am
ave an insulation temperature rating of not less than 60°C (140°F). The conduct
more than 100 amperes shall have an insulation temperature rating of not les

).

conductor connected to a terminal of an electrical compongent used in stag
ipment is not prohibited from being smaller than that specified in 18.2.3, or frd
hperature rating less than that specified in 18.2.3, <\when the materials of
nd conductor insulation do not attain temperatures’ higher than their rating
fested as indicated in the Temperature Test, Section 30.

nductor connected to a terminal of an electrical component not marked as
used in a circuit rated 100 amperes or less shall be sized to have an ampacity
volved based on connecting a conduétor having an insulation temperature ra
bnductor connected to a terminal_of-an electrical component not marked as
used in a circuit rated more than,100 amperes shall be sized to have an amp
ent involved based on connecting a conductor having an insulation temperat
The ampacities of conductérs having an insulation temperature rating of 60°C

e used in a luminaire shall have insulation rated for the highest temperature
Hetermined by the Temperature Test, Section 30.

used in\a-connector strip or striplight shall be provided with insulation with a

1.) The conductor insulation on the end of a drop cord entering a connector st

5 specified in
peres or less
or of a circuit
5s than 75°C

e and studio
m having an
he electrical
ys when the

specified in
not less than
ting of 60°C
specified in
beity not less
ure rating of
and 75°C are

o which it is

temperature

ip housing is

not prohibited from having a rating of less than 125°C, but shall not be less than 90°C (194°F), when the
leads extend a maximum of 152 mm (6 inches) into the connector strip housing for splicing and are
positively prevented from contacting any wire in the connector strip other than the leads of the wires to
which they are spliced.

Exception No. 2: The conductor insulation on the end of the cord or cable described in 26.3 that enters a
connector strip housing is not prohibited from having a rating of less than 125°C, but shall not be less than
90°C, when the wires extend a maximum of 457 mm (18 inches) into the connector strip housing for
splicing and are positively prevented from contacting any wire in the connector strip other than the leads of
the wires to which they are spliced.

18.2.7 The conductor fill of a connector strip shall not exceed 20 percent. When calculating the
connector strip fill, wires of all circuits (not including grounding or bonding conductors) are to be included.
The cross-sectional area calculation shall use the cross-sectional area of all wires (metal conductor and
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insulation) crossing an imaginary plane perpendicular to the long axis of the wireway. For the purpose of
this requirement, a wire crossing the imaginary plane more than once is treated as separate wires and the
cross-sectional area of a wire having a non-circular cross-section shall be taken as the cross-sectional
area of a circular wire having a diameter equal to the maximum width of the wire having the non-circular
cross-section.

Exception: The conductor fill of a connector strip is not prohibited from exceeding 20 percent when the
construction complies with the Temperature Test, Section 30.

18.2.8 The conductors of a connector strip shall be arranged so as to reduce the risk of unintended
heating of surrounding metal by induction. This shall be accomplished by placing all phase conductors and

the grounde

circuit conductor of a circuit together in the same compartment and raceway.

Exception: T
construction
surfaces ned
30.1 for the d

18.3 Load

18.3.1 Whse
one or comb
receptacle(s
and cord co
examples of

he conductors are not required to be routed together in the same companrtm)
complies with the Temperature Test, Section 30. During the testing, the tempera
I conductors shall be monitored and shall not exceed the temperaturé limits indi
onductors.

fletermination

n a circuit supplies two or more receptacles or cord connectors, it shall be assu
ination of the receptacles or cord connectors is loaded so that the involved cg
conduct the maximum current. The intended maximum available current for th
hnectors shall be determined as specified in48.3.2(c). Figure 18.2 and Figu

ent when the
fures of metal
cated in Table

med that any
nductors and
e receptacles
re 18.3 show

he application of this requirement.

Figure 18.2

lllustrative example ofirequirements in 18.3.1 and 30.2.3

@ |
I I
| N |
D |
I I
oad integral
| G 5 A load integral |
[ @ with product. [
I | I
I I
| 1 11 |
| @) @) I
10 A load assumed connected to
last receptacle of circuit.
SM690 }

Both circuit rating and current rating associated with blade and pin configuration of receptacles are 15 A.

Marking adjacent to set of receptacles: "The combined load connected to all receptacles is not to exceed 10 A."
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Figure 18.3

lllustrative example of requirements in 18.3.1 and Exception to 30.2.2

Circuit rating: 20
Current rating as

Marking adjacen

18.3.2 The
specified in 1

indicated in (@) — (d) for the loads supplied by‘the conductor. Figure 18.4 and Figure 18.5 sh

of application

o |

| |

| N |

I @ |

| |

| G |

I |

| || L L |

| |

| | | | | |

I N O O O 7 |
S A load assumed connected to 15 A load assumed
next-to-last receptacle of circuit. connected,to last

receptaclel of” circult.
SM691

A
sociated with blade and pin configuration of receptacles: 15 A

to set of receptacles: "The combined load connected to allreceptacles is not to exceed 20 A."

total load current value for a condugtor that supplies a receptacle or cord
8.2.1 shall be calculated by determining and adding the individual load curre

5 of this requirement.

connector as
nt values as
bw examples

a) Lampholders — A load current value equal to that calculated by dividing the marked lamp

replac
b) Mot

c) Req
applic

ement wattage by the.lampholder circuit voltage.
ors — A load current value equal to 125 percent of the full load current of the mot

eptacles and*'Cord Connectors— A load current value calculated as described
bble subitem.

1).The load current value for one or a set of receptacles or cord connectors su

or.

below in the

pplied by the

same conductor and that are not marked as specified in 59.2 or 59.3 with

an intended

maximum available current that is less than the current rating associated with
pin configuration of the receptacle or cord connector shall be the current ratin
with the blade or pin configuration of the receptacle or cord connector.

the blade or
g associated

2) Where a conductor supplies a receptacle or cord connector that is marked as specified in

59.2 or 59.3 with an intended maximum available current, the load current valu
maximum current appearing in any of the markings provided.

e is to be the

d) Other loads — A load current value equal to the full load current anticipated shall be assigned.
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Figure 18.4

lllustrative example of requirements in 18.3.2

Circuit rating: 2(
Current rating a:

Receptacles no

G @ 1 1 0
L E L E F
’\- o Cooling fan
W 1 T
O O current of\2.h

Lampholder with marked lamp
replacement wattage of 300 W max.

A
sociated with blade and pin configuration of receptacles: 15 A

provided with the marking in 59.2 or 59.3 indicating an intended.maximum available current.

Load current value assignment

Component Load current value used
Both receptacles as a set 15A

Lampholder 25A

Cooling Fan 2.5 A (125 percent of 2 A)

Conductor size determination

Cond

est

Minimum size of condyctor without
uctor letter code Load current value temperature
A 20A 12 AWG
B 20A 12 AWG
C 5A 18 AWG
D 25A 18 AWG
E 15A 14 AWG
F 25A 18 AWG
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Figure 18.5

lllustrative example of requirements in 18.3.2

:H@A B C D :
| |
| N @ |
| |
| ‘\u ’\u —\u ] |
| ¢ |
| |
| |

Circuit rating: 20|A
Current rating aspociated with blade and pin configuration of receptacles: 15 A

Receptacles each marked as specified in 59.2 for an intended maximum available)cufrent of 5 A.

Load current value assignment

Component Load current value used

Each receptacle 5A

Conductor'size determination

Minimum size of conductor without
Condyctor letter code Load current value temperature test

A 20A 12 AWG
B 15A 14 AWG
C 10A 14 AWG
D 5A 18 AWG
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19 Receptacles, Drop Cords, Cord Connectors, Interconnecting Flexible Cords and Cables, and
Overcurrent Protection

19.1

terminate in a cord connector.

A drop cord shall consist of one of the types of flexible cord or cable identified in 26.3(a) and shall

19.2 External wiring used to interconnect separated assemblies of a product, such as a luminaire and a
remote ballast assembly or remote control assembly, shall be flexible cord or cable of the type identified in
26.3(a), or equivalent.

Exception: External wiring connected to a Class 2 circuit or a limited-voltage/current circuit is not required

to be flexible

cord-orcable

19.3 Thesl
the voltage o

19.4 Anon
exceeding th

19.5 Allrec

Exception: A
supplying th
specified in

studios and 3

19.6 A rece

pt or pin configuration of a standard receptacle or cord connector shall be that as
f the circuit to which the receptacle or cord connector is connected.

tstandard receptacle or cord connector shall be supplied by a circuit with a volt
e voltage rating of the receptacle or cord connector being used.

eptacles and cord connectors shall be of a grounding type.

receptacle or cord connector is not required to\be” of a grounding type wh
b receptacle or cord connector is rated 150 volts-DC or less and the product
56.2 to indicate that the product is intended“for use only in motion picture 4
imilar locations.

ptacle or cord connector shall be pravided with overcurrent protection that is a

of the equipment when the situation described in(a) or (b) applies.

a) Th
equip

p receptacle or cord connectot-is supplied by the secondary of a transformer tha
ment.

b) A branch circuit to which the equipment is intended to be connected supplies the

cord
curre

connector in thesequipment and is provided with overcurrent protection gre
nt rating associated with the slot or pin configuration of the receptacle or cord co

The overcurfent protection shall be of the branch-circuit type and shall not be greater thg

rating associ

Exception: A

hted with_the blade or pin configuration of the receptacle or cord connector.

182ampere receptacle or cord connector supplied by a circuit that is protectq

sociated with

hge rating not

en the circuit
is marked as
and television

h integral part

[ is part of the

receptacle or
ater than the
nector.

n the current

ed by branch-

circuit overcurrent protection rated 20 amperes is not required to be provided with additional overcurrent
protection.

19.7 A user-serviceable fuse shall be mounted or guarded so that no live parts are exposed to
unintentional contact. The arrangement shall be such that, at any time during replacement, the fuse is not
gripped or held by any part of the fuseholder while live parts are exposed.

19.8 A clip for a cartridge fuse shall be mounted securely, resistant to turning, and provided with end
stops.

19.9 Where markings or other manufacturer provided information associates a receptacle or connector
with the Class 2 circuit classification, the receptacle or connector shall not be connected within the product
to other than a circuit of either (a), (b), or (c).
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a)ACl

ass 2 circuit as defined in 3.6;

b) A limited-voltage/current circuit as defined in 3.32; or

¢) An internal circuit not conductively connected to another source of voltage or current (the voltage
or current is received through the receptacle or connector), and the circuit and its components
comply with applicable requirements of this standard for separation from other than Class 2 and

limited

-voltage/current circuits.

For such a receptacle or connector, the marking in 57.7 shall be provided.

19.10 Where markings or other manufacturer provided information associates a receptacle or connector

with the Class
to other than
shall be provi

20 Polarity

20.1  Equipn
such that a ||
connector is
of connection

Exception: TH

a) The
asint

b) The
volts

c) The
shell ¢
lamp

20.2 A swit
lampholder. |
equipment is

Exception: Ti

Exception to 0.7.

Hed.

nent containing a receptacle, cord connector, or a screw-shell'type lampholder S
yire connected to the shell or to the grounded (neutral) terminal of the recep

3 circuit classification, the receptacle or connector shall not be connected withi
a Class 3 circuit as defined in 3.8. For such a receptacle or connector, the)ma

learly identified for the connection of the grounded conductor of the supply circu
to the supply.

e polarity is not required to be marked when:

lampholder or receptacle is connected to@-circuit electrically-isolated from the
he secondary of an isolated secondary trarisformer);

lampholder or receptacle operates at a potential to ground and between con
2.4 volts peak) or less; or

lampholder has a screw-shell lampholder that does not connect any pole of the
ntil the lamp is nearly fully inserted, and which fully shrouds the metallic screy
vhen contact is made.

ch that de-enérgizes a lampholder shall disconnect all ungrounded condd
is to be assumed both conductors to a lampholder are ungrounded conduct
not marked-as specified in 55.2 for connection to an alternating current supply o

is.requirement does not apply to a switch that de-energizes a lampholder co

20.3 Aterminal intended for the connection of a grounded supply conductor shall be either:

n the product

rking in 57.8

hall be wired

tacle or cord

it at the point

supply (such

Huctors of 30

supply to the
base of the

ctors to the
brs when the

nly.

vered by the

a) Made of or plated with metal that is white in color and shall be readily distinguishable from the

other t

erminal or

b) Identified clearly in some other manner, such as on an attached wiring diagram.

20.4 Alead intended for the connection of a grounded power-supply conductor shall be finished to show

a white or gra

y color and shall be readily distinguishable from the other leads.

20.5 The lead or terminal of a product with a ballast that is intended to be connected to a branch circuit
with a grounded circuit conductor (neutral) shall be identified as such in accordance with the applicable

requirements

of 20.3 and 20.4.
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21 Ballasts and Capacitors

21.1 A ballast and starter or ignitor, when provided, shall be rated for the operation of the type and size of
lamps involved and shall be electrically connected in accordance with the diagram or instructions on or
with the ballast.

21.2 A product having a capacitor as a component separate from the ballast shall incorporate means,
such as a bleeder resistor or a construction as described in 21.4, for the automatic discharge of the
capacitor within one minute after removal of the lamp from the circuit or after opening of the primary circuit,
or both. The voltage (V) at the end of one minute across the terminals shall be reduced to a value of 50
volts or less, and the energy stored (J) shall be less than 20 joules as determined by the equation:

J=5x10"7 cv?

in which:

C is the capacitor rating in microfarads.

21.3 To comply with 21.2, the maximum resistance value of a bleeder ¢esistor shall be detefmined by the
equation:

s
C

in which:
Ris tIe resistance value in megohms;
K is the resistor factor determined in Table 21.1; and

C is the capacitor rating in microfarads.

Table 21.1
Bleeder resistor factor (k)
Voltage,
peak (rms)? Factor (k
000 0-70 85
+04+==49 F4=78 76
111-120 79-85 70
121-130 86 — 92 63
131-140 93-99 55
141 -150 100 — 106 54
151-170 107 - 120 50
171 -200 121-141 44
201240 142 - 169 39
241 -280 170197 35
281-325 198 — 230 32
326 - 375 231-265 30

Table 21.1 Continued on Next Page
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Table 21.1 Continued

Voltage,
peak (rms)? Factor (k)
376 —450 266 — 318 27
451 -500 319-353 26
501 -700 354 — 495 23
701 -1000 496 — 707 19

specified by the

@ For a transformer-type ballast, the voltage value to be applied from this table is the rms voltage rating of the capacitor as

ballast.

21.4 Compl
the capacitor

lamp or by the¢ opening of a switch, fuse, or similar device.

21.5 A capg
the Standard
Fixed Capaci
60384-14, or
determined t
ampere pass|
currentto 1 a

216 Anele
inch) in diame

21.7 When
characteristic

21.8 The cs
voltage to wh
the terminal €
pressure duri

21.9 The cs
follows:

a) A
capac

ance with the requirement in 21.2 is also achieved without the use of a bleeder
is located in a closed loop of the circuit and when the loop is not opened-by,r¢

citor or EMI filter connected across the primary circuit shall comply-with the req
for Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional

fors for Electromagnetic Interference Suppression and Connéction to the Supp
the Standard for Electromagnetic Interference Filters, UL*1283. A capacitor o
b be across the primary circuit when, in a shorted condition, a current of gn
es through it when the equipment is in a heated €ondition. The means use
mpere or less shall be a fixed impedance or a protéctive device rated 1 ampere ¢

ctrolytic capacitor located in unlimited power, circuitry and that is greater than
ter shall be provided with a means for religving internal pressure.

an oil-filled capacitor in an electric.:discharge product is not integral with th
5 and installation shall comply with 21.8 —21.11.

pacitor shall comply with.the Standard for Capacitors, UL 810, and shall be
ich it is to be connected. Such capacitors relieve an internal fault condition by
nd of the capacitor enclosure to break the circuit internally. Movement is initiate
ng a fault condition; €ausing expansion of the capacitor body.

pacitor shall'be rated not less than the maximum fault current to which it is s

alue~of 10,000 amperes when connected across the ballast primary; that
toris/in parallel with the ballast input circuit;

esistor when
moval of the

uirements in
Bpecification:
ly Mains, UL
r EMI filter is
eater than 1
j to limit the
rless.

10 mm (0.4

e ballast, its

rated for the
movement of
d by internal

ubjected, as

s, when the

b) A value of 200 amperes when connected in series with a ballast coil; or

c) The maximum current available to the capacitor under capacitor short-circuit condition, as
determined by an investigation.

21.10 The placement and mounting of a capacitor in a product shall be such that a free air space is
provided in front of the capacitor end-terminals to enable the capacitor to expand, without obstruction,
under a fault condition. This expansion clearance space shall allow the front enclosure and terminals of
the capacitor, with associated wire connectors and supply leads attached, to travel 12.7 mm (1/2 inch) in a
direction perpendicular to the mounting surface of the terminals.

Exception: The expansion clearance space is not prohibited from being less than 12.7 mm when an
investigation determines that the space required for a particular capacitor is provided.
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2111 In addition to the expansion clearance space specified in 21.10, an electrical air spacing between
any exposed live part of the capacitor, such as exposed terminals and wire connectors, and any
uninsulated live part of opposite polarity or uninsulated, grounded dead-metal parts shall (after expansion)

be at least:
a)1.6

b) 3.2

mm (1/16 inch) when the voltage involved does not exceed 300 volts or

mm (1/8 inch) when the voltage involved exceeds 300 volts.

22 Printed-Wiring Boards

221

A printed-wiring board containing circuits involving a risk of fire or electric shock or where

separation o
circuits invol
UL 796.

the bond between the printed-wiring board foil and the base material results, |
ing a risk of fire or electric shock, shall comply with the Standard for Printed-W

23 Electrigal Spacings

23.1 Anels

Exception N

ctrical spacing shall comply with the requirements specified in‘this section.

p. 1: A spacing is not required to comply with the requirements in this sectio

switches, lampholders, and similar component devices covered by 2.1.1.

Exception N
component
clamp, or the

Exception N
circuits. A lin

D. 2: A spacing between uninsulated live partsyof snap switches, lampholder
Jevices and dead metal that is part of the device (including mounting screws
like) is not required to comply with the requirements in this section.

D. 3: There are no specifications for'spacings in limited-voltage/current circu
ited-voltage/current circuit shall eemply with Limited-Voltage/Current Circuits, S

Exception N¢. 4: Motor drive circuits shallcomply with the following spacing requirements in

for Industrial
a) Sp
b) Alt

Control Equipment, UL 508:
being requirements.for constructions in which transient voltages are known and

brnate spacing requirements under the heading of clearance and creepage distd

Exception N¢. 5: Far other than providing isolation between different circuits, spacings betw

different potg
when:

ntial'era printed-wiring board are not required to comply with the requirements

h contact with
iring Boards,

n within snap

5, and similar
rivets, yoke,

ts or Class 2
pction 27.

the Standard

controlled or

nces.

een traces of
in this section

a) The printed-wiring board has a flammability rating of V-0;

b) The printed-wiring board base material has a minimum Comparative Tracking Index (CTI) of 100

volts;

and

¢) The circuit complies with the Printed-Wiring Board Abnormal Operation Test, Section 40.

23.2 The electrical spacing through-air and over-surface between lampholder terminals and the metal of
a striplight enclosure shall be minimum 12.7 mm (1/2 inch) for voltages up to 600 volts.

23.3 Electrical spacings at field-wiring terminals shall comply with the values specified in Table 23.1.
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Table 23.1
Minimum electrical spacings at field-wiring terminals
Between field-wiring
terminals (through-air and Between field-wiring terminals and other uninsulated
Potential involved, volts, rms over-surface), parts not always of the same polarity,
(peak voltages)? mm (inch) mm (inch) mm (inch)
0-50 b b
0-71) 3.2 1/8 3.2 1/8 3.2 1/8
51-250 b b
(72— 354) 6.4 1/4 6.4 1/4 6.4 1/4
251 -600 c 4iohc s
(355[ 850) 427 +2< 457 ok 95 3/8
@ The values in parentheses are peak voltages. When investigating the voltage of a circuit that produces otherthan g¢ssentially
sinusoidal wavgform, both rms and peak voltages are considered and the requirement for the larger spacing'is.to bg applied.

® These spacin

¢ A spacing of I
terminal box th3

s apply to the sum of the spacings involved wherever an isolated dead-metal part is intéfposed.

ss than 12.7 mm (1/2 inch) is permitted over-surface or through-air at wiring terminals,in a wiring co
t is integral with a motor but shall not be less than 9.5 mm (3/8 inch).

npartment or

23.4 Excepf as specified in 23.2, and at other than field-wiring terminals, electrical spacings|shall comply
with the valugs specified in Table 23.2 for potentials up to 600 volts rins and 850 volts peak.
Table 23.2
Minimum electrical spacings other than-at field-wiring terminals
Potential invdlved, volts, rms Over-surface, Through-air,
(peak Voltages)? mm (inches) mm inches)
51+125 b b b b
04177 1.6 1/16 1.6 1/16
126|- 250 » b b b
(178]- 354) 24 3/32 24 3/32
251]-600 . . c .
(355|— 850) 12.7 1/2 9.5 3/8
NOTES
1 Film-coated wire is considered\an uninsulated live part.
2 On printed-wifing boards, their connectors and board-mounted electrical components wired on the load side of ling filters or
similar voltage peak reduction networks or components or both, a minimum spacing of 0.58 mm (0.023 inch) plus 0.p05 mm
(0.0002 inch) péer volt peak shall be maintained over-surface and through-air between uninsulated live parts and any other
uninsulated corjductive part (live or dead) not of the same polarity.
@ The values in parenthesesarepeak voltages—Whemnvestigating-the-vottageof acircuit that producesothertharressentially

sinusoidal waveform, both rms and peak voltages are considered and the requirement for the larger spacing is to be applied.

® At closed-in points only, such as a screw and washer construction of an insulated stud mounted in metal, a spacing less than as
specified above is permitted but shall not be less than 1.2 mm (3/64 inch).

¢ An over-surface and through-air spacing less than as specified above, between a dead-metal part and film-coated wire that is
rigidly supported and held in place on a coll, is permitted but shall not be less than 2.4 mm (3/32 inch).

23.5 Electrical spacings between two circuits involving different voltages, such as between a limited-
voltage/current circuit and a line voltage circuit, shall not be less than as required for the higher voltage

circuit.
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24 Grounding

24.1 All conductive parts of a product not intended to be electrically live that are accessible to persons
(including during maintenance and repair), and are capable of inadvertently becoming energized, shall be
grounded by being conductively bonded to a common point that incorporates provision for grounding of
the luminaire. A product shall be provided with a grounding means to provide connection to the branch-
circuit grounding conductor, as specified in 24.2— 24.8.

Exception: A product rated 150 volts DC or less, that is marked as specified in 58.2 to indicate that the
product is intended for use only in motion-picture and television studios and similar locations, is not

required to comply with the requirements in this section.

24.2 Aneq

a) A

requifements of Termination Provisions for Field-Connected Conductors, Section 25,

b) Th
The equipmg
24.3 When
of continuou

conductor sh

Exception: A
green insulat

244 An eq

lipment grounding means shall be:

pigtail lead, pressure terminal connector, or wire-binding screw ‘comply

e grounding pin of an attachment plug or the equivalent.
nt grounding means shall be at the same location as the power-supply connecti

insulated, an equipment-grounding conductor, wherg visible to the installer, sha
5 green color with or without a yellow tracer or, when no braid is used, the ins
all be green with or without one or more yellow stripes.

conductor having green insulation and & braid of other than green shall be u
jion is readily visible where connectionstto the branch-circuit supply wires are mg

Lipment-grounding conductor shall not be terminated on the luminaire by a s

ing with the
Dr

PN means.

| have a braid
Llation on the

sed when the
de.

crew, rivet, or

equivalent dgvice that is also used to secure ‘another device or part that is removed during r¢placement of

any electrica

245 Thec
with 24.3 ang

24.6 A wirg
have a greer

247 A pres
as specified

device or component.

brd of a cord-connected luminaire shall contain an equipment-grounding condug
24 .4,

-binding screw intended for the field connection of an equipment-grounding cqd
-colored head that is hexagonal-shaped or slotted, or both.

sure-wire terminal for the connection of an equipment-grounding conductor sh
n'e7.1.

tor complying

nductor shall

all be marked

24.8 All parts required to be grounded shall be conductively connected to the ground termination point
such that the resistance between any two points is 0.1 ohm or less as determined in the Grounding
Continuity Test, Section 36.

24.9 A bonding wire or jumper connector shall not be terminated by a screw, rivet, or equivalent device
that is also used to secure another device, part, or the like, that is removed during replacement of any
electrical device or component.

25 Termination Provisions for Field-Connected Conductors

251 The termination means provided for field-connected conductors shall consist of a pigtail lead, a
pressure terminal connector, a wire-binding screw, or a stud with nut.
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25.2 A wire-binding screw or nut shall be 4.2 mm (No. 8) major diameter or larger and shall be provided
with a cupped washer to hold the wire under the head of the screw or nut. A sheet metal screw shall not be
used.

Exception: A means other than a cupped washer is not prohibited from being used to hold the wire when
investigated and determined to be equivalent.

25.3 A wire-binding screw shall not be used to connect a conductor larger than 5.3 mm? (10 AWG).

25.4 A terminal plate having a tapped hole for a wire-binding screw shall be of metal not less than 0.76
mm (0.030 inch) thick and shall have not fewer than two full threads in the metal.

Exception: A
is not prohibif

255 Thete
Table 18.2 for

a)Ab6

b)A7

fapped hole for a screw having a thread pitch of 0.8 mm or less (32 or morethre
ed from having the metal extruded at the screw hole to provide two full thréads.

mination provision shall accommodate a conductor sized in accordance with Tg
having an ampacity of not less than the current rating of the equipment and:

D°C (140°F) temperature rating for equipment rated 100 amperes or less or

b°C (167°F) rating for equipment rated more than 100 amperes.

accordance W

e termination provision is not prohibited from accemmodating a conductor si:

il lead shall not be sized less than 4 sizes smaller than the conductor d
ith 25.5 or its exception. For example, a pigtail lead intended for connection wi

(12 AWG) conductor shall not be smaller than'1.3 mm? (16 AWG).

26 Power Supply Connections

26.1 Stage
provision for {

luminaires, connéctor strips, and the like intended for permanent installatio
he entry of conduit or cable. Means shall be provided to ensure that supply con

wiring that ar¢ added in the'field are accessible for inspection.

26.2 Equipr
conductors th
Section 25.

nent intended for permanent connection shall have termination provisions for fie
at.comply with the requirements of Termination Provisions for Field-Connected

ads per inch)

ble 18.1 and

red less — or
ent complies
the marking

petermined in

th a 3.3 mm?

n shall have

nections and

d-connected
Conductors,

26.3 A portable stage luminaire shall be provided with a length of flexible cord or cable or special
conductor assembly that complies with (a) — (e). A portable connector strip shall be provided with a length
of flexible cord or cable that complies with (a) and (c) — (e).

a) A flexible cord shall have a serviceability rating at least equal to extra-hard-usage types such as
Type G, S, SE, SEO, SO, ST, STO, or W.

Exception No. 1: Still photography lights are not prohibited from being provided with a flexible cord
having a serviceability rating at least equal to hard-usage types such as Type SJ, SJO, SJT, or
equivalent power supply cords.

Exception No. 2: Portable stage luminaires are not prohibited from being provided with a flexible
cord having a serviceability rating at least equal to hard-usage types such as Type SJ, SJO, SJT, or


https://ulnorm.com/api/?name=UL 1573 2023.pdf

JULY 20, 2023

UL 1573 49

equivalent power supply cords providing that the supply cord is not greater than 2 m ( 6.6 feet) in
length and is rated at not more than 20A.

b) A special assembly of conductors used in lieu of the flexible cord or cable of portable stage
luminaires shall consist of stranded conductors rated minimum 125°C (257°F) and an outer glass
fiber sleeve with a wall thickness of at least 0.64 mm (0.025 inch). The conductors and sleeving
shall be maximum 1 m (3.3 feet) in length.

Exception: The special assembly of conductors are not required to include an outer glass fiber
sleeve when the conductors are part of an appliance wiring material that includes an overall jacket
or outer sleeving and the appliance wiring material is equivalent to the special assembly of
tor insulation

conductors de

dama
to th

c) The

corre

AWG
d) The

plug t

Excef

Excef
is rat
intend

e) Th
mean

26.4 Thelg
supply cord
from the encl

Exception: T
914 mm but

26.5 Anad

v

of conductors.
flexible cord, cable, or special conductor assembly shall be sized to_haye an
Eponds to the electrical rating of the equipment but shall not be smaller than
flexible cord, cable, or conductor, as applicable.

flexible cord, cable, or special assembly of conductors shall be‘terminated by 4§
at is of the grounding type.

btion No. 1: The length of flexible cord, cable, or special conductor assembly i.

btion No. 2: The attachment plug is not requifed to be of the grounding type whe
bd 150 volts DC or less and is marked as specified in 56.2 to indicate that 1
led for use only in motion picture and television studios and similar locations.

e flexible cord, cable, or speciakconductor assembly shall be provided with
s that complies with the Strain-Relief Test, Section 34.

ngth of a power supply cord shall not be less than 914 mm (3 feet). The length
s to be measured fram the face of the attachment plug to the point where the
osure.

he length of.the power supply cord of a connector strip is not prohibited from bg
bhall not be“less than 457 mm (18 inches).

bptor and connector provided for power supply connections shall:

scribed above with regard to resistance to abrasion and conduc

be equivalent

ampacity that
D.82 mm? (18

n attachment

5 not required
2 or 57.3, as

n the product
he product is

a strain-relief

of the power
cord emerges

bing less than

a) Co

b) Be

mply with the requirements in Polarity, Section 20;

rated for the voltage involved; and

¢) Have the same current rating as the supply circuit connector to which the adaptor or connector is
intended to be connected.

27 Limited

271

-Voltage/Current Circuits

A limited-voltage/current circuit is one that is supplied from an isolated secondary winding of a

transformer and that complies with the applicable values specified in Table 27.1. Power limitations of a
limited-voltage/current circuit shall be obtained by the use of any of the following configurations:

a) An

inherently-limited transformer;
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b) A non-inherently-limited transformer coupled with an overcurrent-protected device on the output

circuit;

c) A combination transformer and fixed impedance; or

d) An arrangement determined to be equivalent to (a), (b), or (c).

Table 27.1

Limited-voltage/current circuits

Inherently-limited transformer (overcurrent protection not required)

Circuit voltage (VOTtS) U— 20 volts AC or DT Over 20 volts but not | Over 30 volts but not
more than 30 volts more{than 60 volts
AC or DC DC
Power limitation (volt-amperes)° - -
Current limitatign amperes® 8 150/\V@
Maximum overgurrent - -
protection (amgeres)
Not inherently-limited transformer (overcurrent protection required)
Circuit voltage (volts)? 0 - 15 volts AC or Over 15 volts but not | /Over20 volts but not | Over 30 volts but not
DC more than 20 volts more than 30 volts more{than 60 volts
ACorDC ACorDC DC
Power limitatior) (volt-amperes)® 350 250 250 250
Current limitatign amperes® 1000/\V? 1000/ 1000/\V? 1000/\V?
Maximum overgurrent 5 5 100/Vv? 100/
protection (amgeres)

NOTE -Inallc

bses the applied primary voltage shall be as indicated in 30.1.8.

2 Maximum out
 Maximum volf

¢ Maximum out
(when provided

bypassed.

ut voltage, regardless of load, with applied voltage as specified in 30.1.8.
Lampere output, regardless of load, and overcurrent protection (when provided) bypassed.
ut after 1 minute of operation under.any noncapacitive load, including short circuit, and with overcur

rent protection

27.2 A trans
Limited-Volta

27.3 When
secondary of
voltage circui

S.

former intended (toycomply with the requirements in 27.1 shall be subjected g
je/Current Circuib Transformers, Section 41.

an overcufrent-protective device is required to comply with the requirements
the transformer and the overcurrent-protective device are to be evaluated as p3

the Test for

in 27.1, the
rt of the line-

27.4 The overcurrent-protective device specified in 27.1(b) shall not be of the automatically-reset type
but shall be trip-free when of the manually-reset type.

28 Separation of Circuits

28.1

Conductors of two circuits involving different voltages, such as between a limited-voltage/current

circuit and a line voltage circuit, shall be separated from each other by a barrier or segregated as specified
in 28.2 unless the conductors of both circuits are insulated for the maximum voltage of either circuit.

28.2 Conductors shall be separated from all uninsulated live parts of a different voltage circuit by a
barrier or segregated from the uninsulated live parts as specified in 28.4.
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28.3 Where a Class 2 circuit leaves the equipment's electrical enclosure, all conductors of the Class 2
circuit within the electrical enclosure shall be separated from all uninsulated live parts of other than a Class

2 circuit by a

barrier or segregated from the uninsulated live parts as specified in 28.4.

28.4 Segregation of a conductor shall be accomplished by clamping, routing, or equivalent means that
provides permanent separation from a conductor or an uninsulated live part of a different circuit.

29

Isolation Devices

| 201 Deleted

| 202 Delet

29.3 A com
one of the fo

a) A
Requ
Spec
the S

b) Tw
voltag

c) An
a suit

d) An

Stang

e) A relay (electromechanical or solid¢state) that complies with the applicable requir

ponent that bridges two circuits otherwise required to be isolated from engé an
owing:

Class Y capacitor complying with the requirements specified jin-the Standg
rements for Fixed Capacitors for Use in Electronic Equipment — Part
fication: Fixed Capacitors for Electromagnetic Interference Suppression and
ipply Mains, UL 60384-14 (see Table 29.1);

o capacitors connected in series, each capacitor individually complying with an
e withstand potential equal to 1000 V plus twice rated voltage across the capaci

isolator complying with the requirements of the Standard for Optical Isolators,
Able isolation voltage rating;

Isolating transformer complying with the requirements for Transformers, Sectior

ard for Industrial Control Equipment, UL 508.

Table 29.1
Bridging Capacitor

bther shall be

rd for Safety
4: Sectional
Connection to

AC dielectric
tor;

UL 1577, with

16; or

bments of the

Capacitor syibclass according.to the Standard for Safety Requirements for Rated voltage of the fapacitor
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional v
Specification: Fixed Capacitors for Electromagnetic Interference rms
Supprgssion and-Connection to the Supply Mains, UL 60384-14
Y1 Up to and including 500V
Y2 Over460M-up-te-ane-nreluding 300V
Y4 Up to and including 150V

bridged.

Rules for the application of Table 29.1:
1) The voltage rating of the capacitor shall be equal to the RMS working voltage across the insulation being bridged.
2) It is permitted to use a higher grade capacitor than the one specified, as follows:
— Subclass Y1 if subclass Y2 is specified,;
— Subclass Y1 or Y2 if subclass Y4 is specified.
3) Itis permitted to use two or more capacitors in series in place of the single capacitor specified, as follows:
— Subclass Y1 or Y2 if subclass Y1 is specified,;
— Subclass Y2 or Y4 if subclass Y2 is specified;

— Voltage rating of each individual capacitor must be equal to or greater than the RMS working voltage of insulation being
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ENVIRONMENTAL CONSIDERATIONS

29A General

20AA1

equipment that may have an additional Ingress protection (IP) rating.

29B Products for Use in Dry Locations

29B.1

markings, instructions, or illustrations that implies or depicts damp or wet use.

The requirements in this Section apply to equipment rated for dry, damp or wet environments and

A product intended for dry locations only, shall not be provided with any information such as

29C Produs

29C.1 A prg
with the requi

29C.2 Allin
zinc-coated, (
on all surface

Exception Ng
are not requir

Exception Ng
Standard is 1
regard to fun
and support fi

29C.3 Punc

29C.4 Hinggs, bolts, and fasteners. made of ferrous materials shall be protected against

described in 2
Exception: Hi

29C.5 Shee

tts for Use in Damp Locations

duct that is marked as indicated in 56.5 as suitable for use in damprlocations
fements in 29C.2 — 29C.9.

5ide and outside surfaces of sheet steel or other mechanical parts of iron or s
admium-plated, enameled, painted, or provided with equivalent protection agai

s

D.

. 1: Removable accessories such as color gel frames, pattern holders, shutte
ed to be provided with protection against corrosion:

. 2: The surface of a panel not relied upon-for compliance with another requir
ot required to be provided with protection against corrosion. Evaluation of th
ctioning as an electrical enclosure, Jamp-containment barrier, thermal barrier,
Dr other parts, shall be given.

19C.2.

hge pins are hot required to be provided with the corrosion protection required in

cleaned of ngase and the like prior to painting.

t steel'or other metal that is painted to comply with 29C.2 and 29C.3 shal

shall comply

teel shall be
nst corrosion

rs, and irises

ement in this
e panel with
or heat sink,

hed holes and cut edges in.férrous material are not required to be corrosion protected.

corrosion as

29C.2.

be properly

29C.6 Welds in iron or steel (other than stainless steel) shall be painted or provided with equivalent
protection against corrosion. Copper, aluminum, alloys of copper and aluminum, stainless steel, and
similar materials having inherent resistance to atmospheric corrosion are not required to be provided with
additional corrosion protection.

29C.7 Vitreous enamel shall be used as the only protective coating for sheet steel having a thickness of
0.026 inch (0.66 mm) or more.

29C.8 Non-absorptive, electrical insulation shall be used in the construction of electrical components
where it is relied upon to provide electrical spacings or sole support of live electrical parts or as electrical
insulation. Untreated fiber, asbestos, and the like are examples of materials that shall not be used, while
treated cellulose fiber, phenolic, urea, porcelain, and the like are examples of materials that are capable of
being used.
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29C.9 The screw shell in a screw shell-type lampholder shall not be made of unplated aluminum.
29D Products for Use in Wet Locations

29D.1 A product that is marked as indicated in 56.6 as suitable for use in wet locations shall comply with
the requirements in 29C.8, 29C.9, and 29D.2 — 29D.13, and Sections 47 — 51.

29D.2 The inside and outside surfaces of cast ferrous metal, sheet steel, or ferrous tubing shall be
protected against corrosion by one of the coatings described in Table 29D.1.

Exception No. 1: Other finishes are capable of being used, including paints, special metallic finishes, and
combinationg-ofthre two; whett thcy trave-beendetermined-o Pt ovide cqu:.vallcut Pt otection b‘ / Comparative

tests with galvanized sheet steel conforming with item A (Type G90) of Table 29D.1.

Exception Np. 2: A metal part, such as a decorative part, that is not required for complignce with this
standard is not required to be protected against corrosion.

Exception Ng¢. 3: Stainless steel is not required to be additionally protected-against corrosion.

Exception Np. 4: Edges, fasteners, and welds complying with 29D.3 — 29D.6 is not required to be
additionally protected against corrosion.

Exception No. 5: When the inside surfaces of the product are* protected from the elementd such that no
water enterd the product during the rain test, the inside ‘surfaces are capable of being provided with
corrosion prqtection equivalent to that specified in 29C:2="29C.7.

Table 29D.1
Sheet Steel Coatings
Type or thickness,?
Type of coating mm (inch) Descriptign
(A) Hot-dipped, mill-galvanized steel Goo® -
G60° with 1 coat of outdpor paint®
ABQP with 1 coat of outdpor paint®
(B) Zinc coatiny other than Type (A) 0.0155¢ 0.00061¢ -
0.0104¢ 0.00041¢ with 1 coat of outdpor paint®
(C) Cadmium g¢oating 0.0254 0.0010 -
0.01905 0.00075 with T coat of outdoor paint®
0.0127 0.0005 with 2 coats of outdoor paint®
(D) Vitreous enamel® - _

@ As determined by the Standard Guide for Measurement of Electrodeposited Metallic Coating Thicknesses by the Dropping Test,
ASTM B555.

® Conforming with the coating designation G90, G60, or A60 in the Standard Specification for Steel Sheet, Zinc-Coated
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, ASTM A653/A653M-02a, with not less than 40
percent of the zinc on any side based on the minimum single spot test requirement in this ASTM standard.

¢ |dentified as outdoor paint by paint manufacturer.
4 Average thickness with a spot minus tolerance of 0.00178 mm (0.00007 inch).

¢ Vitreous enamel shall be used on sheet steel at least 0.66 mm (0.026 inch) thick.

29D.3 Hinges, bolts, and fasteners made of ferrous materials shall be protected against corrosion as
described in 29C.2 for damp locations.
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Exception: Hinge pins are not required to be provided with the corrosion protection required in 29C.2.

29D.4 The product shall be constructed so that a water-shield prevents the wetting of live parts or
electrical components or wiring not identified for use in contact with water and to reduce the risk of electric
shock due to weather exposure. Parts identified for use in contact with water include flexible cords marked
"W" or "Water Resistant"; liquid tight flexible metal conduit; outlet boxes marked for use in wet locations;
rigid conduit; and the like.

Exception: For the purposes of this requirement, the outer surface of the glass envelope or integral
reflector (such as Type MR 16 lamps) of a lamp are permitted to be wetted.

29D.5 Apo
shall:

a) Be
Mater

b) Corn
Electr

29D.6 Aga
other servicin
gasket shall g

29D.7 An opening for the connection of conduit or for an-auxiliary part shall be threaded.

Exception No
the opening i

Exception No
locations that
5148B, is provi

29D.8 Ano
level that res
auxiliary part.

Exception: A
with a drain h

vmeric-material used as a watar.shield whethar nrovided as a2 lens diffuser or
Y T 15 T T

classified at least HB in accordance with the Standard for Tests for Flammabi
als for Parts in Devices and Appliances, UL 94; and

nply with the exposure to ultraviolet light test in the Standard for Polymeric Mate
cal Equipment Evaluations, UL 746C.

bket relied upon to comply with the rain test shall be secured so that removal
g of the product does not result in loosening of the gasket. An adhesive useq
omply with the Gasket Adhesion Test, Section 51.

. 1. When the rain test shows no entrance of water into the product with any o
not required to be threaded.

2: The opening is not requiredto be threaded when a conduit fitting intended 1
complies with the requirendents in the Standard for Conduit, Tubing and Cablé
ded.

pen drain hole shallbe provided on all products to prevent the accumulation of w
ults in the wetting“of an electrical part or opening for the connection of cong
The hole shall.be as specified in Table 29D.2.

broduct\that has been subjected to the Rain Test, Section 47, is not required td
ble when no water enters the product.

opaque part

ity of Plastic

rials — Use in

of a lamp or

to secure a

bening open,

or use in wet
b Fittings, UL

ater above a
uit or for an

be provided

Table 29D.2
Size of drain holes
. Minimum dimension, Minimum area, Maximum dimension, Maximum area,
Opening
Shape mm (inch) mm2 (inchz) mm (inch) mm2 (inchz)
Slot 3.2 1/8 7.74 0.012 9.5 3/8 968 1-1/2
(width) (width)
Square 3.2 1/8 - - 12.7 1/2 - -
(side) (side)
Round 3.2 1/8 - - 12.7 1/2 - -
(diameter) (diameter)
Irregular - - 7.74 0.012 - - 968 1-1/2
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29D.9 Any flexible cord exposed outside of a product shall be marked "W" following the type designation.

29D.10 The product shall not have a drop cord.

29D.11
ground level.

All live parts in a ground-supported product shall be located at least 102 mm (4 inches) above

Exception: Flexible cord marked "water resistant" is not required to be located at least 102 mm above

ground level.

29D.12 A product provided with a receptacle shall be constructed to prevent the entrance of water into

the receptac

<l H 4l Ra. - £ O ' A7 ko <l N 4 44 la + 1 H l
Uurin Iu Ui 1xaim 1CoL, OCULUVUIT =7, WIlUT arfu witrniout dit attauliriicTit HIUH T Pviacvc

29D.13 A receptacle cover or receptacle/attachment plug cover that is relied upon tq

entrance of
attached to t

water into the receptacle or attachment plug during the Rain Test; Séction
he product. A cover shall close automatically when an attachment plug is rem

prevent the
47, shall be
pved from the

receptacle.

29E Products Marked with Ingress Protection (IP) Code

29E.1 Stage and studio equipment marked with an ingress protection code (IP code) intenfded for use in
an environment where it is exposed to excessive dust and watér, shall be evaluated to the gpplicable test
and marking|requirements for ingress of dust, solid objects and moisture in IEC 60598-1, the International
Standard for|Luminaires, Part 1.

LUMINAIREPB HAVING A LIGHT EMITTING DIODE (LED) LIGHT SOURCE

29F Generpl

29F.1 The Jrequirements in this section‘are supplementary to other applicable requirements in this
standard ang apply to stage and studio luminaires incorporating a lighting emitting diode (LED) light
source.

20F.2 A stage and studio” Juminaire having a LED light source shall comply with the applicable

supplementa

29F.3 Light
shall comply
For Use in Li

| requirements. for LED luminaires in the Standard for Luminaires, UL 1598.

emitting_diode (LED) components, subassemblies integral to a stage and stu
with the applicable requirements in the Standard for Light Emitting Diode (LE
phting Products, UL 8750.

dio luminaire
D) Equipment

PERFORMANCE

30 Temperature Test

30.1

30.1.1

General

A luminaire; a connector strip constructed to comply with 18.2.1(c), the Exception to 18.2.3,

Exception No. 2 to 18.2.6, or the Exceptions to 18.2.7 and 18.2.8; and a connector strip provided with any
heat-generating components (such as a lamp, transformer, or motor) other than wires and receptacles and
cord connectors, shall be tested as described in 30.1.2 — 30.3.3. The luminaire or connector strip shall
exhibit no temperature rises at specific points greater than as indicated in Table 30.1.
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Table 30.1
Maximum temperature rises

Thermocouple location °c (°F)
1. Supply wires and points they contact 352 63?2
2. Lampholder body of thermosetting material (such as phenolic or urea)® 125 225
3. Coil of device other than motor using:
Class 105 insulation systems:
Thermocouple method 65 117
Resistance method 75 135
Class 130 ingtiation-systems:
Thermocpuple method 85 153
Resistanpe method 95 171
Class 155 inulation systems:
Thermocpuple method 110 198
Resistanpe method 115 207
Class 180 insulation systems:
Thermocpuple method 125 225
Resistanfe method 140 252
Class 200 insulation systems:
Thermocpuple method 145 261
Resistanpe method 160 288
Class 220 inpulation systems:
Thermocpuple method 160 288
Resistanfe method 175 315
Class 250 insulation systems:
Thermocpuple method 190 342
Resistanpe method 205 369
4. Capacitors®
a) Electrolytic 40 72
b) Other typgs 65 117
5. Varnished clgth insulation® 60 108
6. Fuse 65 117
7. Fiber used a$ electrical insulation® 65 117
8. Wood 65 117
9. Copper conductors
a) Tinned or bare strands having:
1) A diameter less than 0.38 mm (0.015 inch) 125 225
2) A diameter of 0.38 mm or more 175 315
b) Plated with nickel, gold, silver, or a combination of these 225 405
10. Termination of copper conductor and pressure terminal connectors without a 125 225
nickel coating or equivalent protection
11. Lampholder screw shell, center contact, or other connecting device of 175° 315°
aluminum or unplated copper
12. Polymeric material used for enclosure or structural parts c [

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Thermocouple location °C (°F)
13. Surface to which a marking or label is attached d d
14. Wire or cord e e
15. Class 105 insulation systems on coil windings of (1) a direct-current motor and
(2) a universal motor
a) In an open motor:
Thermocouple method 65 117
Resistance method 75 135
b) In a totally enclosed motor:
Thermog¢ouple method 70 126
Resistafjce method 80 144
16. Class 105 |nsulation systems on coil windings of an alternating-current motor
(not including & universal motor)
a) In an opgn motor and on vibrator coils (thermocouple or resistance method) 75 135
b) In a totally enclosed motor (thermocouple or resistance method) 80 144
17. Class 130 |nsulation systems on coil windings of (1) a direct-current motor and
(2) a universaljmotor
a) In an opgn motor:
Thermogouple method 85° 153°
Resistance method 95 171
18. Class 130 {nsulation systems on coil windings of an alternating-cufrent motor
(not including & universal motor) and on vibrator coils
a) In an opgn motor and on vibrator coils (thermocouple orresistance method) 95 171
b) In a totally enclosed motor (thermocouple or resistanee method) 100 180
19. Exposed efclosure surface 65° 117"
20. Enclosure pf electronic starter for HPS lamp" 65 117
WET LOCATIQN PRODUCTS
21. Gaskets of|silicon rubber’ 175 315
22. Impregnated asbestos gaskets' 175 315
23. Non-thermpsetting sealing compound j j
24. Rubber gaskets' 35 63
25. Neoprene gaskets' 65 117
26. Gaskets of|cork or'other fibrous material 100 180
27. Polymeric naterial used for water-shield g g

@ Any temperature rise up to 175°C (315°F) is not prohibited when the unit is marked in accordance with 57.4.

® These limitations do not apply to compounds or components that have been investigated and determined to be intended for a
higher temperature.

¢ The investigation of a polymeric material is to comply with the requirement in 6.2.

4 The maximum temperature, when corrected to a 25°C (77°F) ambient temperature, is the temperature rating of a label that is
used as specified in 53.3.

¢ The maximum temperature, when corrected to a 25°C (77°F) ambient temperature, is the temperature rating of the wire or cord.

fExposed surface temperature rises in excess of 65°C (117°F) but not more than 250°C (450°F) are not prohibited when the unit is
marked in accordance with 56.3.

9 The investigation of a polymeric material shall comply with the requirements in the Polymeric Water-Shield Conditioning Test,
Section 49.

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Thermocouple location °C

(°F)

temperature.

" These limitations do not apply to compounds or components that have been investigated and determined for use at a higher

" Applicable only for materials used in wet locations in compliance with Products for Use in Wet Locations, Section 29D.

I 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 by the Standard Test Methods for Softening Point of Resins Derived from
Naval Stores by Ring-and-Ball Apparatus, ASTM E 28.

30.1.2 The values for temperature rise in Table 30.1 are based on an assumed ambient temperature of

25°C (77°F),

temperature is to be measured by means of a thermocouple immersed in a bath of 15 millilite

oil in a glass
line that pas
from the fixtu

30.1.3 Ther

constantan
referee temp
with the requ

30 AWG (0{

the Standard Specification and Temperature-Electromotive “Force (emf) Tables for

Thermocoupl

30.1.4 The
to be measur
to have a uni
placed on any

30.1.5 Ata

+5° +9°

ontainer. The oil bath is to be placed at the same level as the horizontalplang
es through the fixture halfway down its vertical length, and at least thfee fixtu
e horizontally.

mocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not
5 mm?). It is standard practice to use thermocouples consisting of 30 A\
ires and a potentiometer-type instrument, and such equipment is to be ust
rature measurements by thermocouple are required. The thermocouple wires a
rements specified in the Tolerances on Initial Valu€s of EMF versus Tempera

bs, ANSI/ASTM E230/E230M.

emperature of a coil or winding of a ballast using a Class 130 or higher insulat
ed by means of the change-of-resistance method. For a potted device, it is usd
t made up with test leads brought out’before it is potted, as well as having a t
capacitor.

source of he
mounted on
temperature
30.1. The ma

30.1.6 The
which the bal

30.1.7 A lun

}:
ise of the coil, as-measured by the resistance method, is not greater than sped

point on the surface of a.cdibof a ballast where the temperature is affected b
radiation (for example,a Jamp), the temperature rise measured by means of th
e outside of the coil wrap is permitted to be greater than the indicated maxim

ximum allowable temperature differential for the thermocouple method is 20°C (3

Capacitance-of a capacitor used with a ballast shall be within 5 percent of the ca
ast is rated.

The ambient
rs of mineral
formed by a
re diameters

smaller than
VG iron and
ed whenever
re to conform
ure tables in
Standardized

on system is
ally required
hermocouple

an external
ermocouples
Um when the
ified in Table
6°F).

pacitance for

hinaire or connector strip required to be temperature-tested as specified in 30

.1.1 shall be

supplied and operated as specified in the applicable item:

a) A luminaire with an incandescent lamp is to be connected to a supply circuit of rated frequency,
when rated for AC and nominal rated voltage. The supply voltage is to be adjusted to result in the
lamp operating at rated wattage. When the luminaire uses a component that must be operated at a
specified voltage (such as a transformer), the unit is to be connected to the supply voltage
specified in 30.1.8 and fitted with a lamp that operates within 1 percent of rated wattage at the
lamp's rated voltage.

b) A luminaire with an electric-discharge lamp type of other than fluorescent is to be connected to a
supply circuit of rated frequency, when rated for AC and nominal rated voltage. The supply voltage
is to be adjusted to result in the lamp operating within 5 percent of rated wattage after the wattage
has stabilized (within 15 minutes).
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Exception: A lamp is not required to operate within 5 percent of its marked rating when operated by
a ballast that the ballast manufacturer intends to operate the lamp at other than the lamp's marked
wattage rating. Such a construction is to be documented by the ballast manufacturer.

c) A connector strip and a luminaire with a fluorescent lamp type are to be connected to a supply
circuit of rated frequency, when rated for AC, and of the voltage specified in 30.1.8.

30.1.8 Test

supply voltage is to be:

a) 120 volts when the marked rating is within the range of 110 — 125 volts or

b) 240 volts when the marked rating is within the range of 220 — 250 volts.

When the vo
its rated voltd

30.1.9 Equ
is to be conn
less, the suq
current invol
amperes, the
current invol
insulated cor

and Table 18

30.2 Plug-

30.21 Inr
different final

30.2.2 The
current asso|
receptacle o

markings spégcified in 59.2 or 59:3to identify the intended maximum available current for ea

or cord conn

the circuit arg not to be loaded.

Exception: W
protection ra
receptacle o

tage rating does not fall within either of the indicated voltage ranges, the unitis
ge.

pment that is provided with terminals or pigtail leads as the power supply conn
bcted to thermoplastic insulated wire supply conductors. For equipment rated 10
ply conductors are to be the smallest conductors that have an ampacity not
ved based on the use of 60°C (140°F) conductors. For.equipment rated m
supply conductors are to be the smallest conductors thathave an ampacity nof
ved based on the use of the 75°C (167°F) conduetérs. The ampacities of
ductors having an insulation temperature rating of60°C and 75°C are specified
2.

connected loads and load diversity
eference to the requirements of 302.2 and 30.2.3, conductors and devices
overcurrent protection devices are-determined to be on separate circuits.
ciated with the blade or pin configuration of the receptacle or cord connectq
cord connector or the-set of receptacles and cord connectors is not provided w
pctor or the set ofireceptacles or cord connectors. The other receptacles or cord
hen the last receptacle or cord connector in a circuit protected by branch-circy

fed 20-amperes is provided with a 15-ampere blade or pin configuration, the n
I cord connector is also to be loaded as required to result in a total circuit

o be tested at

ection means

0 amperes or
less than the

pore than 100

less than the

thermoplastic

in Table 18.1

supplied by

load for the one or last receptacle or cord connector in a circuit is to be 100 percent of the

r when each
ith one of the
ch receptacle
connectors in

it overcurrent
ext to the last
current of 20

amperes. Fig

ure’ 18 3 shows an nqupln of-the :applir-:aﬁnn of-this rnquirnmnnf

30.2.3 The load for the last receptacle or cord connector of a set of receptacles or cord connectors on a
circuit is to be 100 percent of the intended maximum available current for the set as specified in the
marking in 59.3(b) when:

a) The marking in 59.3(b) is provided and

b) Each receptacle or cord connector or the set of receptacles and cord connectors is not provided
with one of the markings specified in 59.2 or 59.3 to identify the intended maximum available
current for each receptacle or cord connector.

The other receptacles or cord connectors in the circuit are not to be loaded. Figure 18.2 shows an example
of the application of this requirement.
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Exception: When the last receptacle or cord connector in a circuit protected by branch-circuit overcurrent
protection rated 20 amperes is provided with a 15-ampere blade or pin configuration, the next to the last
receptacle or cord connector is also to be loaded as required to result in a total circuit current of 20
amperes.

30.2.4 The load for each receptacle or cord connector is to be 100 percent of the current marked on or
near the receptacle or cord connector when:

a) The unit has a total of only one or two receptacles or cord connectors,

b) Each receptacle or cord connector is provided with one of the markings specified in 59.2 or
59.3(a) to identify an intended maximum available current for each receptacle or cord connector,
and

c) The
identif

in 59.3(b) to
bctors.

set of receptacles or cord connectors is not provided with the marking spéegcified
y an intended maximum available current for the set of receptacles or cordconn

30.2.5 The |oad for each receptacle or cord connector is to be as indicated in_either (a) or
unit has a tofal of three or more receptacles or cord connectors, the receptacles or cord cg
marked as specified in 59.2 or 59.3(a) with an intended maximum available/current for each
cord connectgr, and the set of receptacles or cord connectors are not marked as specified in 5

(b) when the
nnectors are
receptacle or
19.3(b).

a) Baged on the total number of receptacles or cord connegctors provided in the set, ofe receptacle
or cor@l connector is to be tested at 100 percent of the . maximum current marked as irftended to be
availaple from the receptacles for each subset of six)or partial subset of six receptacles or cord
connegtors in the set. When possible, one of each’ different construction of receptacle or cord
connegtor in the set is to be loaded to the maximum current marked as intended to| be available
from the construction. When selecting receptacles or cord connectors, the receptacles or cord
connegtors are to be selected beginning with those having the highest marked currgnt rating and
workirlg down in current rating to those having the lower marked current ratings to fomplete the
total number.

loaded at 75
connectors.

b) All teceptacles or cord connectors of the set not loaded to comply with (a) are to be
percemt of the current marked as intended to be available from the receptacles or cord

30.2.6 The
on the markin

eceptacles and-cord connectors identified in 30.2.5 are to be assigned to the s¢
g information. Circuit assignment is not evaluated in establishing the set.

t based only

30.2.7 Whe
connectors tH
each recepta

N the set)'of receptacles or cord connectors for a circuit includes receptacles or cord
at have different constructions, the unit is to be tested as many times as required so that
Cle ‘or-cord connector construction is aSS|gned the maximum load that is determined using the

requirementstn oaded to the
maximum current mtended to be available from each construction during at Ieast one test to confirm that
the receptacle and cord connector materials and the conductors connected to the receptacles and cord
connectors do not encounter temperatures exceeding their limits.

Exception: When agreeable to all concerned, a product is not prohibited from being tested fewer times
when, during at least one test, each different construction of receptacle and cord connector is loaded to
the maximum current intended to be available from the construction even when this results in a total
product loading exceeding that determined using the requirements specified in 30.2.2 — 30.2.5.

30.2.8 Testing a minimum 2.44-m (8-foot) long section of a connector strip exceeding 2.44 m in length is
permitted to represent the complete connector strip. In such a case, the tested section of connector strip is
to have the following features:
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a) The configuration of receptacles or cord connectors and conductors is to be that configuration
creating the highest overall temperatures among all of the various configurations that exist along
the length of the complete connector strip. When determining the configuration that creates the
highest overall temperatures, the following features are to be verified:

b) Ad
conn
conn

c) Th

generating devices that exist in the complete connector strip:

The loading

series the co
so as to sug

connections
section that
section shall

30.2.9 The
connector in

assembled-o
be of the tyjq

current ratin

receptacle of

Type, size,

!

condt

1) The number of receptacles or cord connectors per unit length of the section tested is to
be the maximum number per unit length that exists in the complete connector strip.

2) The section tested is to contain the group of receptacles or cord connectors representing

the greatest total marked available current per unit length that exists in
connector strip.

ditional or extensions of existing conductors are to be installed through the tes

ctor strip and loaded as though they are supplying the current fory the remai
ctor strip not present for the test. The amount of current load for the additiona
ctors is to be determined as indicated in 30.2.1 — 30.2.6.

b tested section of connector strip is to include any lamps) motors, or other ag

bf the additional conductors specified in (b) is capable of being accomplished by
nductors that are normally connected to different (but identical current rating) b
ply the set of conductors during the test"by one suitable rated branch circu
are to be made external to the connegctor strip. When required to obtain a ¢
ncludes each of the features specified,in 30.2.8 to represent the complete con
be specifically prepared.

load specified in 30.2.2 — 30.275 is to be resistive, and connected to each rece
olved using a minimum/0,91-m (3-foot) length of flexible cord or cable that ter
n attachment plug with-integral cord grip. The type and size of flexible cord or cg
e, size, and temperature rating specified in Table 30.2. The attachment plug
j that matches.the current rating associated with the blade or pin configy
cord connectorto which it is connected.

the complete

ed section of
ing length of
or extension

ditional heat-

connecting in
ranch circuits
t. The series
bnnector strip
hector strip, a

btacle or cord
minates in an
ble used is to
is to have a
ration of the

Table 30.2
nd temperature rating of flexible cords or cables used to connect the resi

attachment plug and receptacle or cord connector

[

rtive load to

Load current in flexible cord or cable?® (amperes)® Flexible cord or cable type and
More than Not more than insulation temperature rating Conductor size®
0 10 Type ST -60°C 18 AWG (0.82 mm?)
(0) (7)
10 13 Type ST -60°C 16 AWG (1.3 mm?)
0] (10)
13 18 Type ST -60°C 14 AWG (2.1 mm?)
(10) (15)
18 25 Type ST -60°C 12 AWG (3.3 mm?)

Table 30.2 Continued on Next Page
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Table 30.2 Continued

Load current in flexible cord or cable® (amperes)® Flexible cord or cable type and
More than Not more than insulation temperature rating Conductor size®
(15) (20)
25 30 Type ST -60°C 10 AWG (5.3 mm?)
(20) (25)
30 40 Type ST -60°C 8 AWG (8.4 mm?)
(25) (35)
40 55 Type G-60°C 8 AWG (8.4 mm?)
(35) 48)
55 72 Type G-60°C 6 AWG (13.p mm?)
(48) (63)
72 96 Type G- 60°C 4AWG (21.2 mm?)
(63) (84)
96 100 Type G-60°C 3 AWG (26.f mm?)
(84) (88)
100 115 Type G-75°C 4 AWG (21.2 mm?)
(88) (101)
115 135 Type G=75°C 3 AWG (26.f mm?)
(101 (118)
135 152 Type G-75°C 2 AWG (33.p mm?)
(118 (133)
152 178 Type G-75°C 1 AWG (42.4 mm?)
(133 (156)
178 207 Type G — 75°C 1/0 AWG (53.5 mm?)
(156 (181)
@ The ampacitigs without parentheses apply to 2-conductor flexible cords and cables or other multi-conductor flexiblg cords or
cables connectgd so that only 2 conductors'are current-carrying.
® The ampacitigs (in parentheses) apply to 3-conductor flexible cords and cables or other multi-conductor flexible cords or cables
connected so that only 3 conductors-are current-carrying.
¢ Conductor sizgs are Sl equiyalent cross-sectional areas.

30.3 Orientlation, adjustments, and motor-driven mechanisms

30.3.1

The luminaire or connector strip is to be installed or supported to simulate intended use. When a

luminaire has more than one intended use, it is to be installed in accordance with the following conditions:

a) The luminaire is to be mounted and orientated in the position that results in the highest
temperatures. When the luminaire is marked as specified in 56.4 with a restricted range of
mounting or adjustment orientations, the luminaire mounting and orientation used for this test is to
be within the marked range and is to be the mounting and orientation that results in the highest

tempe

ratures.

b) Any device such as a shutter, an iris, or a barn-door that is permanently mounted to or intended
to be used with a luminaire and is intended to alter the light beam is to be adjusted so the aperture
is uniformly reduced in area by 70 percent. Motor-driven gobos or other image-projecting devices
shall be such that the image projected is circular and the area of the image reduced by 70 percent
of maximum. Color wheels, when provided, shall be of a single color that results in the maximum
heating.
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c) A scroller, when provided, shall be a single color which results in the most heating of the
luminaire.

30.3.2 Motor-driven mechanisms intended to be operated continuously in normal use such as
mechanical strobes, scrollers, and mirrors are to be operated continuously during the temperature test.
Motor-driven mirror mechanisms are to be operated continuously through a pattern of travel that results in
the maximum power input to the mirror motor. Luminaires with motorized gobo or other image-projecting
mechanisms are to be operated as specified in 30.3.1(b) until temperatures in the luminaire stabilize.
Following this, the image-rotation mechanism and image changer, when provided, are to be operated until

temperatures on and about the luminaire stabilize. The cycle of operation is to be as follows:

a) The pattern rotation mechanism is to cycle through each pattern as fast as the unit can rotate,

stopp

b) Wk
with s

c) Co

When agree
specified in (

30.3.3 Whq
with the one

ng at each pattern for 2 seconds.

en the mechanism arrives at the last pattern of the disk, rotate in a new-disk, W
uch a mechanism.

htinue with the rotation of the patterns in (a).

bble to all concerned, the mechanisms are not prohibited from being cycled f

B) — (C).

re multiple-light, output-varying features are provided; the total light output shg
or more features that create the most adverse heating of the components of

total light ou
be conduct

compartmeni temperatures. When blocking light at the.gobo position increases luminaire te
the area of the motor, another test shall be conducted with motor-driven gobos selected to h

light apertur

conducted, for example, with the light outputcthrough each feature reduced by 70 percent s

light output

31 Dielect

31.1 A prog
Exception: A
and does no
electronic co

put of the luminaire shall not be reduced by more than 70 percent. For exampl

hen provided

aster than as

Il be reduced
concern. The
e, a test shall

with framing shutters closed to reduce their aperture by 70 percent to increase lamp

area 70 percent less than the aperture when no gobo is installed. The tes
the luminaire is reduced by 91 percent.
ic Voltage-Withstand Test
uct shall be subjécted to this test while at its maximum normal operating temper
luminaire 0r.¢onnector strip that contains only a lampholder, switch, receptacle

{ contain-a. printed-wiring board, ballast, transformer, other coil device, or othg
Imponent;is not required to be subjected to this test.

mperatures in
ave a circular
shall not be
ince the total

ature.

or drop cord,
r electrical or

31.2 The i

hsulation and elr_\:minge shall wi’rhefand, without hrnnl(rinwn’ the applir‘nfin

h of the test

potentials shown in Table 31.1 for 1 minute.

Exception No. 1: The insulation and spacings are not required to be tested when investigation shows that
a breakdown of the insulation or arc tracking across or through the insulation does not result in a risk of fire
or electric shock.

Exception No. 2: The insulation and electrical spacings separating (a) a Class 2 circuit or Limited-
Voltage/Current Circuit from (b) non-current carrying metal are not required to be tested.
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Table 31.1
Dielectric voltage-withstand test — potentials and applications

dielectric voltag
all conductors ¢

b E equals the 1
part, or other cg

¢ The insulation|
grounding term
conductive pa

between condul

¢ The insulation
tested. The win
core; and primg

fThe insulation
be tested: the p
portions of the ¢

Circuit or component Points of application® Test potentials®
1. Primary circuits
Printed-wiring portions c,d (2E + 1000) volts DC
All parts c,d 1000 volts, 60 Hz; or 1400 volts
DC
2. Transformers e 1000 volts, 60 Hz
3. Circuits supplied by a transformer secondary or power unit:
Circuits rated maximum 30 VAC or 42.4 V peak f 500 volts, 60 Hz; or 710 volts DC
All other f (2E + 1000),yolts DC
4. Load side of [ectifier of direct connected supply d, f (2E #1000) yolts DC
@ Power-dissipdting component parts, electronic devices, and electrolytic capacitors located between the cirelits unfler test are to
be removed or flisconnected so that the spacings and insulations, rather than such component parts/are-subjected fo the full

le-withstand test potential. Switches and other controls, whether accessible or not, areyto be set or a
nd parts intended to be tested are connected to the circuit under test.

haximum peak potential in volts between the conductor or part to be tested and earth, an accessible
nductive part.

5 and spacings are to be tested between primary circuit parts and thefollowing parts all connected tg
nal; the enclosure, with a conductive foil wrapped around insulating-portions of the enclosure; and a

. Care is to be taken to ensure that each capacitor, winding separation, or other separation (such ag
Ctors) that isolates accessible conductive parts from the primary'€ircuit are to be tested.

9 The insulationks and spacings between parts of opposite polarity are to be.fested.

5 and spacings between windings and parts of a transfarmer conductively connected to a supply cirg
Hings and parts to be tested are to include each of thé.following: primary to shield or guard (when us
ry to each secondary (or all secondaries connected together).

and spacings between parts of circuits involviag the risk of fire or electric shock and each of the foll
Fotective grounding terminal (when provided); the enclosure, with a conductive foil wrapped around i
nclosure; accessible conductive parts;and all other circuits.

justed so that
conductive

gether: the
bcessible
a spacing

uit are to be
bd); primary to

bwing are to
hsulating

31.3 ADCt

314 The in
potential with

31.5 Breakd

bst voltage is not to have'more than 3 percent ripple.

Hicated test voltagetis to be measured directly across the points of applicatig
a high-resistancewoltmeter.

own is offen indicated by an abrupt decrease or nonlinear advance of voltag

voltage is inciieased or by an abrupt increase in current.

31.6 The te

st.equipment is to include a transformer having an essentially sinusoidal outp

n of the test

e as the test

Ut. When the

output of the

transtormer Is less than 500 volt-amperes, the equipment IS to Include a vol

meter in the

output circuit to directly indicate the test potential. When the output of the transformer is 500 volt-amperes
or larger, the test potential shall be indicated by:

a) A voltmeter in the primary circuit or a tertiary-winding circuit;

b) A selector switch marked to indicate the test potential; or

¢) A marking in a readily-visible location to indicate the test potential of equipment having a single
test-potential output.

32 Abnorm

32.1

al Operation Test

A luminaire subjected to the Temperature Test, Section 30, while orientated within the range of

orientations marked in accordance with 56.4, shall be subjected to the test described in this section when
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the luminaire pivots or moves into or through an orientation that produces higher temperatures during the

temperature test when a hand-secured joint fails.

32.2 To determine when the luminaire pivots or moves into or through an orientation that produces

higher temperatures during the temperature test, the steps in (a) and (b) are to be performed.

a) One or more hand-tightened joints are to be loosened so that they offer as little friction as

possible without completely disassembling the joint and

b) The luminaire is to be moved or pivoted into the most unbalanced orientation and then released

so that it moves or pivots into a balanced and at-rest position.

When the lufninaire moves or pivots to or through an orientation that produces temperaturg
those encountered during the Temperature Test, Section 30, this test is to be conducted.

32.3 The ofientation to be selected for this test is the orientation that the luminairg moves o
through (as dletermined in 32.2) that produces the highest temperatures. The most adverse
not restricteq to that orientation in which the luminaire comes to rest as a result of the steps
32.2. When @n intermediate orientation through which the luminaire moves or pivots is morg
intermediate|orientation is to be used for this test.

32.4 When
softwood sur
of the lamp ¢
tissue paper

face. When other than floor-mounted, the luminaireds to be supported with the |
ompartment 0.9 m (3 feet) above the tissue paper-covered, knot-free softwood
s to be untreated white paper, such as that used for gift wrapping.

32.5 The It
inches) wide

minaire is to be loosely covered with @, single layer of bleached cheesecloth,
running 26 — 28 m?/kg (14 — 15 squdre yards per pound) and having a count of
is, for any square centimeter, 13 threads in one direction and 11 in the other direction (for an
32 threads ip one direction and 28 in the "ether direction). The cloth is to be loosely dra
luminaire in ¢rder to serve as a flame indicator (presence of ash or burnt holes) but is not to
blanket to trgp heat.

32.6 Accessible conductive parts‘are to be connected to the branch-circuit grounding cond
a 1-ampere, |nontime-delay type' fuse. The equipment-grounding conductor is to be disconr
test.

32.7 All other test conditions are to be as used during the Temperature Test, Sec
temperature pn the-éxposed enclosure surface is to be monitored using thermocouples as in
(and footn

s higher than

pivots into or
orientation is
5 described in
adverse, the

floor-mounted, the luminaire is to be supported_on a tissue paper-covered, knot-free

pwest feature
surface. The

914 mm (36
13 by 11; that
square inch,
ped over the
be used as a

uctor through
ected for this

tion 30. The
dicated in the
pte f) in Table

temperature warrants.

osure surface

32.8 The luminaire is to be operated until one of the following conditions is encountered or until 7 hours

has elapsed with none of the following conditions occurring:
a) Emission of flame or molten metal, burning insulation, flaming particles, or the like;
b) Exposure of a part involving a risk of electric shock; or

¢) Rupture of the 1-ampere fuse.

32.9 Immediately following this test and while still hot, the luminaire shall also comply with
Voltage-Withstand Test following Abnormal Operation Test, Section 33.

the Dielectric
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33 Dielectric Voltage-Withstand Test following Abnormal Operation Test
33.1 This test is to be conducted on a luminaire subjected to the Abnormal Operation Test, Section 32.

33.2 A luminaire shall withstand, without electrical breakdown, the application of the applicable test

potential specified in Table 31.1 applied for 1 minute between:

a) Primary winding, including connected components, and accessible dead-metal parts of a
luminaire that become energized, including those parts that are accessible only during relamping

and

b) Primary winding and accessible low-voltage — 42.4 volts peak or less — metal parts, including

termi

33.3 The tegt equipment is to have the characteristics specified in 31.6.

34 Strain-

34.1 A strai
supply cord fq

Exception: W

34.2 The cg
pull is to be
fixture. There
is severed.

35 Stability

35.1 A free
degrees to th

35.2 After b
doors) permg
position resul

36 Grounding Continuity Test

Is.

lief Test

n-relief device is to be tested by the application of a 156 N (35 pound-force) pull
r 1 minute. The pull shall not be transmitted to terminals, splices, or internal wiri

re to a lamp-supported lampholder shall be subjected. fo a pull of 89 N (20 poun

nductors of the cord are to be severed immediately adjacent to the terminals of
hpplied to the cord or wire in a direction perpendicular to the plane of the en

Test

standing luminaire shall-not“overturn when resting on a plane inclined at a
e horizontal.

eing placed on_the inclined plane, the luminaire and any adjustable parts (s
nently mounted_to or intended to be used with the luminaire, are to be ad
ing in the least stable condition.

pn the power
ng.

Is-force).

splices. The
france to the

shall not be movement of any conductor«more than 1.6 mm (1/16 inch) at the point where it

n angle of 8

Lich as barn-

usted to the

36.1 Each IL

grounding contlnwty eX|sts between the groundlng means and acceSS|bIe dead metal

36.2 Only a single test is required when the accessible metal selected is conductively connected by
construction to all other accessible metal.

36.3 An ohmmeter is permitted to be used to determine whether a luminaire complies with the
requirement in 24.8.

36.4 When an indicating device of the type described in 36.3 does not indicate continuity of the
grounding circuit, an alternating current or a direct current of at least 25 amperes from a power supply of
not more than 12 volts is to be passed from the point of connection of the equipment grounding means to a
point in the grounding circuit and the points. The resistance in ohms is then calculated by dividing the drop
in potential (in volts) by the current (in amperes). The resistance shall not exceed 0.1 ohm.
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37 Overhead Product Static Loading Test

37.1 This test is to be used to determine that the structure and joints relied upon to comply with the
requirements of 9.1 provide the required strength where it is not evident such strength is provided.

37.2 The product support, adjustment, and accessory configuration used for this test is to be the most
adverse configuration from the configurations specified in 2.4.1.

37.3 A structural member or joint subjected to a static load is to be gradually loaded to a total test load of
not less than six times the load involved. The additional weight is to be equal to five times the weight of the
supported product, component, or accessory. The addltlonal welght |s to be distributed proportionally,
similar to that-c s component, or accessc ember or joint
under test shall bear the test Ioad for 1 hour and shall not show any VISIb|e ewdence of njaterial failure
such as breakage, cracking, stripping of threads, or slipping of pressure joints.

38 Backup Restraint-Device Loading Test
38.1 This test is to be used to determine that the structure and joints of.a safety chain, sgfety cable, or
other backup-restraint device, and the means provided on the product-for attachment qf the device,
provide the required strength where it is not evident such strength is provided.

38.2 The device is to be secured to a rigid support and to a teéstoad using the method defscribed in the
installation instructions marked on the device.

38.3 The aftached test load is to have a weight of not.Jess than six times the maximum weight marked on
the device.

38.4 Swinging and movement of the test loadishall be prevented when the support of the test load is
transferred tp the backup-restraint device. The backup-restraint device shall continue to support the test
load for 1 houir.

38.5 The sfructural members and:joints of the backup-restraint device and attachment fitfings shall not
show any vigible evidence of material failure such as breakage, cracking, stripping of threadls, or slipping
of pressure joints.

39 Transformer Overload Test

39.1 As spgecified-in 16A.2, samples of each transformer are to be placed on a tissue paper-covered,
knot-free, sqftwoed surface, and covered with a layer of cheesecloth. The cheesecloth is to be in
accordance with-32-5-

39.2 The transformer is to be connected to a supply protected by a branch-circuit-type overcurrent
device corresponding to that of a branch circuit to which the unit is intended to be connected but not less
than 30 amperes.

39.3 The core of each transformer is to be connected to the branch-circuit grounding conductor through
a 1-ampere, non-time-delay-type fuse. Any grounding conductor of the transformer is to be disconnected
for this test.

39.4 With each secondary conducting the load current involved in the luminaire, one secondary is to be
short-circuited. This test procedure is to be applied to three samples for each secondary. Any
supplemental overcurrent protective device provided as part of the luminaire in the supply or load circuit of
the transformer is also to be used in this test.
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39.5 The test procedure described in 39.4 is to be repeated except the load condition is to be at
maximum power in the secondary under test.

Exception: When a supplemental overcurrent protective device is provided as part of the luminaire in the
supply or load circuit of the transformer, this device is to be short-circuited and the load on the secondary
under test is to be increased to the load that results in a current through the overcurrent protective device
of 110 percent of the device's rating when this load is less than maximum power for the secondary under
test.

39.6 Each transformer is to be operated until 7 hours has elapsed or until one of the following conditions
occurs:

a) Ignition of the cheesecloth or tissue paper or

b) Rupture of the 1-ampere fuse.

39.7 Follow|ng the testing, each transformer shall comply with the requirements-of the Dieleftric Voltage-
Withstand Test, Section 31.

40 Printed-Wiring Board Abnormal Operation Test

40.1 Spacings on printed-wiring boards that are less than those‘specified in Electrical Spacjngs, Section
23, and that gre relied upon to provide operational insulation, areito be tested as described ir} 40.3 — 40.7.
As a result ofthis test:

a) The overcurrent protection in the branch circuif-to which the equipment is connegted shall not
open.

b) When a wire or a printed-wiring board-trace opens, the gap is to be electrically shorted and the
test cqntinued until ultimate results occur (this applies to each occurrence).

c) A flame shall not emit from the overall enclosure of the equipment.
d) Thg cheesecloth or tissue paper shall not glow or flame.

e) Thg 3-ampere fuse-cennected in the equipment grounding circuit shall not open.

40.2 Operafion of an.gyercurrent protection device — other than the branch-circuit overcurrgnt protection
device — before any(abnormal condition results is permitted to terminate a test. When an overcurrent
protective deyice opens, the marking specified 60.1 shall be provided.

40.3 A sampteof theequipmentusing the printed-wiring board 1510 be wired as intended 1o an electrical
supply circuit sized and protected to simulate end-use conditions. When the live parts on the printed-wiring
board have spacings between them that are less than those specified in Electrical Spacings, Section 23,
they are to be short-circuited one at a time.

40.4 A 3-ampere fuse is to be connected between the supply circuit pole least capable of striking ground
and the outer enclosure (when provided) and grounded or exposed dead-metal parts.

40.5 During the abnormal test, the equipment is to be placed on a white tissue-paper-covered, softwood
surface. A single layer of cheesecloth is to be draped loosely over the entire enclosure. Open equipment is
to be tested in an enclosure representative of that encountered in service. When agreeable to all
concerned, tests shall be conducted without an enclosure and evaluated as representative of tests
conducted using an enclosure. When tests are to be conducted without an enclosure, cheesecloth is to be
placed on a wire cage, surrounding (and in close proximity to) the equipment under test to simulate the
intended enclosure.
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40.6 The test is to be continued for 1 hour or until one of the conditions described in 40.1 occurs. At the
end of 1 hour, when no condition occurs, but indications are that one of the conditions described in 40.1 is
imminent, the test is to be continued (for up to 7 hours) until ultimate results are obtained.

40.7 When the circuit is interrupted by the opening of a component, the test is to be repeated twice using

new components as required.

41 Test for Limited-Voltage/Current Circuit Transformers

41.1
41.2.

A transformer intended to power a limited-voltage/current circuit shall be tested as described in

41.2 The m
At room teni
equipment a
fixed-series
circuit is to
secondary w|
room tempe

aximum volt-ampere output capacity of the secondary winding is to be determi
perature, the primary winding of the transformer is to be connected.@s"in
nd the secondary winding in question is to be connected to a variable resistance
Impedance or regulator circuit is relied upon to limit the output, that\impedanc
be included in the circuit during the test. A multiple-winding transformer is
nding tested with all other secondary windings open-circuited;. and is to be allo
ature again before another winding is tested. A primary, winding is to be cg

source of ra

short-circuit gondition in 2-1/2 minutes. For each step or increment in the resistance, the j

output volta

from the cufrve shall not exceed the volt-ampere value specified in Table 27.1. When
secondary wlndings supply interconnected circuits, the sum-of the outputs of the windings in
not exceed the values specified in Table 27.1.

42 Glass U

42.1 A san]
without fract
diameter ste
the guard.

422 The g
height requin
tested is to K
19.1-mm thig

43 Glass T

d voltage. The load on the secondary is to be varied in-10 increments from ¢

and current is to be recorded, plotted, and run as-a.smooth curve. The peak Vv

V Filter Impact Test

ple of the glass UV filter with guard, when provided, installed in a luminaire, s
iring, a 2.7 N-m (2 foot-pound) impact. The impact is to be applied by a 50.§
bl ball weighing 0.54 kg (1-18’pounds) to the center of the glass lamp filter or, w

ass UV filter or guard is to be subjected to the impact by releasing the steel
ed to produce (the desired impact force. The luminaire containing the glass U
e supported by a rigid surface [19.1-mm (3/4-inch) thick, tongue-and-groove g
k plywood.over a concrete padl].

hermal Shock/Containment Test

ned as follows:

:

nded in the
load. When a
b or regulator
to have one
ved to cool to
nnected to a
pen-circuit to
roduct of the
alue obtained
two or more
Huestion shall

hall withstand
-mm (2-inch)
hen provided,

ball from the
V filter to be
ak flooring or

43.1

43.1.1

General

In accordance with 10.4.2(c), a glass material other than tempered, annealed, or borosilicate

glass used as a part of a lamp-containment barrier on which particles of a ruptured lamp come to rest shall
be subjected to the glass thermal shock/containment test described in 43.2.1 — 43.2.4 to determine its

suitability for

such use.

43.2 Test method

43.2.1

Each of three samples of the lamp-containment barrier material to be tested is to be supported by

its outer edges and orientated to simulate normal operation. The lamp-containment barrier material is to

be maintaine

d at a temperature of 25 +5°C (77 £9°F).
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43.2.2 Three lamp-envelope segments as specified in Table 43.1 are to be preheated to 1100°C
(2012°F) for a minimum of 15 minutes.

Table 43.1
Quartz lamp-envelope test segments
Outside diameter, Wall thickness, Length,
Lamp wattage mm (inch) mm (inch) mm (inch)
150 or less 14.0 0.55 1.0 0.040 6.4 1/4
151 - 400 21.6 0.85 1.24 0.049 6.4 1/4
Over 400 264 46 4-8 9-07 427 1/2
43.2.3 A lammp-envelope segment is then to be removed from the oven and, within 2-seconds, placed on

the thinnest
samples shal
lamp-envelop

43.2.4 Nong

44 Polymeric Lamp-Containment Barrier Flammability/Containment Test

bart of one of the lamp-containment barrier samples. All three lamp-contain
be tested. Each lamp-envelope segment is to be placed on the barrier so that t
e segment is perpendicular to the surface of the barrier.

of the samples of the glass lamp-containment barrier matérial’'shall shatter or ¢

ment barrier
he wall of the

ack.

441 Generpl

44.1.1 In agcordance with 10.4.2(d), a polymeric material used as part of a lamp-containment barrier on
which partiges from a ruptured lamp come: to rest shall be subjected to |the plastic
flammability/dqontainment test described in 44.2.1'<44.2.5 to determine its suitability for such yse.

44.2 Test method

4421 Threg sections, each a minimum of 152 mm (6 inches) square and obtained ffom different

samples of t
orientated to
be covered b

44.2.2 Durin
maintained af
accordance W

ne lamp-containment, barrier to be tested, are to be supported by their oute
simulate normal operation. A surface located 305 m (12 inches) below the test
a nominal 6.4¢émnT (1/4-inch) thick layer of dry, absorbent cotton.

g the teski~each sample of the lamp-containment barrier material is to be he
, the maximum operating temperature for each thickness of material recorded w
ith the. Temperature Test, Section 30.

r edges and
samples is to

ated to, and
hen tested in

44.2.3 Three lamp-envelope segments, as specified in Table 43.1, are to be preheated to 1100°C
(2012°F) for a minimum of 15 minutes.

44.2.4 A lamp-envelope segment is then to be removed from the oven and, within 2 seconds, placed on
the thinnest part of one of the lamp-containment barrier samples. All three lamp-containment barrier
samples shall be tested. Each lamp-envelope segment is to be placed on the barrier such that the wall of
the lamp-envelope segment is perpendicular to the surface of the barrier.

44.2.5 The dry absorbent cotton located below the test sample shall not be ignited by flaming drops of
plastic material or by any lamp-envelope segment that penetrates the lamp-containment barrier and falls

on the cotton.
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