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1 General

1.1 Scope

1.1.1  These requirements cover components for use in signs and outline lighting systems intended for
installation in accordance with the National Electrical Code, NFPA 70. Components covered by this
standard include the types specified in 1.1.2, including electromechanical components that convey a
message or outline the structural features of a building by electronically directing or rechanneling available
light from other sources and involving all forms of illumination such as:

a) Fluorescent lighting,

TS

b) Hig
c) Ned
d) Col
e) Ligh

f) Elec

rintensity-discharge(HiBtighting;
n lighting,

| cathode lighting,

t emitting diodes (LED), and

froluminescent lighting.

1.1.2 ExamEes of components intended to be covered by this standard include:

a) Ma
enclos
coatin

b) Ele
electrg
GTOg

c) Ele
source

1.1.3 This
additional cor
lighting.

1.1.4 These

ures, sign frames, electrical enclosures, accessibility barriers, trim caps,
hs and lubricants, components related to material installation and the like.

ctrical components relating to illumination circuits operating at 1000 V and 4§
de receptacles, lampholders, neon*electrode enclosures, GTO sleeving, intsg
able, GTO cable splice enclosufes and insulating devices.

ctromechanical and electrenic equipment for use in signs such as LED unif
s, sign flashers, animating equipment, scrolling units, and sign rotating equipm

tandard does _not) cover components covered by another standard, unl
siderations that.need to be addressed when the component is for use in sig

requirements do not cover:

a) Chr|

rials used in signs and outline lighting such as structural panels, sign face materials, switch

water shields,

bove such as
grally sleeved

s, LED power
ent.

pss there are
ns and outline

stmas tree and other decorative lighting devices

b) Exit

lighting and luminaires and low level path marking and lighting systems

c) Fluorescent ballasts

d) Fluorescent lampholders

e) Incandescent luminaires

f) GTO cable

g) High intensity discharge ballasts

h) HID lighting luminaires

i) Incandescent lampholders
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j) Incandescent lighting

k) Luminaires of any kind

1) Low voltage landscape lighting systems

m) Low voltage lighting fixtures for use in recreational vehicles
n) Low voltage marine lighting

0) Marine navigational lights

p) Marine type fixtures

q) Neoh transformers and power supplies
r) Portgble electric displays

s) Portable handlamps

t) Portgble lamps and cabinet lamps

u) Portable luminaires

v) Portable sun/heat lamps

w) Stage and studio luminaires

x) Self{pallasted fluorescent lamps

y) Temporary lighting strings

z) Track lighting fixtures

1.2 Comporjent identification requirements

1.2.1  All components shall be-evaluated for factory installation only as specified in 1.2.4 and 1.2.3 or
evaluated for factory and field'installation as specified in 1.2.4 and 1.2.5.

1.2.2 A factpry installed” component is intended for use only under limited conditiopns, such as
temperatures hot exceeding specified limits, and shall be used only under those specific conditions for
which they hgve .been investigated. Components currently identified as intended for factgry installation
only are identified)in Table 1.1.
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Table 1.1
Factory installed sign components

Interconnecting

Electrode receptacles other than through wall housing type

Feed type lampholders over 1000 V — without conduit connection means

lampholders over 1000 V

Metallic electrode receptacle enclosure
Neon electrode enclosure
Glass cup receptacles

Conduit plug assembly

GTO cable sleeving

GTO cable with
GTO cable splig
Neon tube supp
Sign face matet]
Enclosure sign

Sign face tensiq
Structural mate
Dimmers, flashg
LED display un

Electroluminesd

Sign rotating eq
Clock mechanig
Lubricant

LCD displays

Switch enclosures

integral sleeving

e enclosure

ort

al — not enclosure rated

ace materials

ning systems

ials

rs, controllers and animators
ts

ent displays

uipment

ms

1.2.3 Comp
requirements

1.2.4 A field
skeletal neon
70. These co
components

bnents for factorys.installation only as identified in Table 1.1 shall cor
in Sections 2 -4.

and factoeny installed component shall be intended and suitable for use in fi

mponehts shall be of a construction that does not place unique limits on f{
suchvthat they cannot be installed in accordance with the requirements

nply with the

bld assembled

signs and,outline lighting installations in accordance with the National Electrical Code, NFPA

he use of the
of NFPA 70.

urranths idantifind ac intandad far 1oa 11 finld accamhlnd clealatal nann ol

hs and outline

Components

T ety 1ot e o T e O C O O o o T o o S T iorC — oIttt oT—o1g

lighting are identified in Table 1.2.

1.2.5 Components for field and factory installation, as identified in Table 1.2, shall comply with the
requirements in Sections 2 — 5 including maximum voltage rating, type of location, minimum temperature

rating, and all

other applicable requirements.
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Table 1.2
Field installed and factory installed components

Field and factory installed components

Glass cup neon

GTO cable splic

Through wall electrode receptacles

Through wall housing receptacle grounding means
Lampholder systems over 1000 V

Electrode receptacle enclosure

Neon electrode splice and GTO cable polymeric enclosure systems (boots and sleeves)

electrode receptacle and GTO cable splice enclosure systems

e enclosure

GTO cable with
GTO cable asse

Neon transformd

Neon tubing sup

Sign dimmers, fl

Integral sleeving
mblies
r enclosures

ports, cable supports and cable bushings

bshers, controllers and animating equipment

1.3 Glossan

1.3.1 For thq
terms used in
industry, comp

1.3.2 ACCE;S
barrier also se|

a) Unin
b) Dea
c) Live

d) Mov
1.3.3 ACCE{

1.3.4 ADHES
together that a

purpose of this standard, the following definitions‘apply. Definitions provided
the standard, but are provided to establish a basis of understanding terms us
onent manufacturers and others.

BSIBILITY BARRIER — Material providéd to limit access to the following. If all
fves as an enclosure, see Enclosurey®.3.22.

sulated live parts,
] metal parts that are at arisk of being energized and are not grounded,
parts insulated with.materials not intended to be subject to user contact, or

ng parts that pfesent a risk of injury.
BSIBLE PART — See definitions for Part, 1.3.54.

BIVE. ~ Bonding material (i.e. epoxy, paste, cement) placed between parts t
dheres to each part, and remains the securement medium between the parts.

might not be
ed by the sign

or part of the

b be fastened

1.3.5 BARRIER — See Accessibility Barrier 1.3.2, Insulating Barrier 1.3.37, Isolating Barrier 1.3.41,
Thermal Barrier 1.3.68, and Water shield 1.3.73.

1.3.6  BLOCK-OUT PAINT — Used to coat a neon tube to block the emission of light from a neon tube.

Generally app

lied over the electrode, it can also be applied at various points along the tube.

1.3.7 BONDING - Permanent joining of metallic parts to form an electrical conductivity path that provides
electrical continuity between dead metal parts and the capacity to conduct any fault current which may

Ooccur.

1.3.8 BONDING CONDUCTOR - Electrically connects non-current carrying metal parts such as
enclosure parts, frame parts and dead metal parts of electrical components to each other and the
equipment grounding means.
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1.3.9 ENCLOSURE, NEON - See the definition for neon electrode enclosure, 1.3.45.

1.3.10 CLASS 2 CIRCUIT — Wiring, conductors and components connected only to a Class 2 supply
source. See Class 2 Supply Source, 1.3.11.

1.3.11 CLASS 2 SUPPLY SOURCE - Electrical source such as a transformer, power supply, or battery
having an open-circuit voltage that is less than 30 Vrms. (42.4 V peak) or 60 V DC and having limited
energy available in the circuit under load conditions, including short-circuit and extremely low resistance.

1.3.11.1  INHERENTLY LIMITED SUPPLY SOURCE - Transformer, power supply or battery having no
discrete protective device that is relied upon to limit the output energy available from the supply. A power
supply or battery with internal current and energy limiting circuitry shown to be reliable is eligible to be

identified as
protective de

1.3.11.2 INH
discrete prote
reaches a pre

1.3.12 COL
that operates
do not requir
light.

1.3.13 COL

inherently limited. Transformers, power supplies and batteries may be
ices as long as they are not relied upon to limit the output energy.

ctive device that automatically interrupts the output when the‘current and
scribed limit.
D-CATHODE TUBING — Neon tubing that is larger than ‘45 mm (0.6 inch) in

between 120 and 240 mA. Cold-cathode tubing is similar to other forms of ne
b heating above ambient temperatures to initiate 4onization resulting in the t

L AR FERRULE — That portion of a neon tubé“electrode receptacle of a threads

form that tighfens over the receptacle for purposes of means of mounting the receptacle in p

1.3.14 CUR

1.3.15 DOU

1.3.16 ELE(
medium. This

1.3.17 ELE(
The electrode

1.3.18 ELE(

RENT CARRYING LIVE PART — See Part, 1.3.54.

LTRIC DISCHARGE, — .Method of illumination whereby current is passed f{
includes neon, coldcathode, fluorescent, and high-intensity-discharge types o

LTRODE - Cold cathode or neon tube assembly consisting of metallic condug
is joined{o-both ends of a cold cathode and neon tube.

[ TRODE RECEPTACLE — A contact device intended to accept electrodes of n

BLE BACK — A 180 degree return bend made in neon tubing near an electrode.

provided with

ERENTLY LIMITED SUPPLY SOURCE - Transformer, power supply or battery having a

energy output

diameter and
on tubing that
Libe producing

bd sheet metal
ace.

hrough a gas
f illumination

ting elements.

eon tubing. An

individual recepptacle may or may not be provided with an integral outer housing of metal or g

ther material.

1.3.19 ELECTRODE RECEPTACLE CAP - Material formed to cover the mouth of an electrode
receptacle while permitting a neon tube to enter the mouth. The combination of neon tube and electrode
receptacle cap function as a water shield to prevent the entrance of water into the mouth of the electrode
receptacle.

1.3.20 ELECTRODE SPLICE ENCLOSURE - Component specifically intended to enclose a splice
between a GTO Cable conductor and the leads of a neon tube electrode.

1.3.21 ELEVATION POSTS — See tube support, 1.3.70.

1.3.22 ENCLOSURE - Material provided to enclose electrical parts and components to contain a

potential risk of fire. See Accessibility Barrier when an enclosure also serves as an accessibility barrier
1.3.2.
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1.3.23 ENCLOSURE RATED SIGN FACE - Sign face that is designated as being suitable to enclose
current carrying live parts.

1.3.24 EXPOSED LIVE PART — See part, 1.3.54.

1.3.25 EXTRA LOW VOLTAGE CIRCUIT (ELV) — Circuit with limited voltage and energy that reduces the
risk of fire and shock in accordance with the requirements in the Standard for Information Technology
Equipment Safety — Part 1: General Requirements, UL 60950-1.

1.3.26 FACTORY INSTALLED SIGN COMPONENT — Component intended for use in signs and outline
lighting that is installed at the sign manufacturing location. The sign or outline lighting is provided with an
enclosure or sign _body for the attachment/assembly of the component. Factory assembled signs and

outline lighting

1.3.27 FIELL
skeletal neon

1.3.28 FIELL
part of a manu

1.3.29 FLEX

1.3.30 GRO
building suppl

1.3.31 EQUI

are determined to comply with the end product requirements at a manufacturi

AND FACTORY INSTALLED SIGN COMPONENT — Component intended
bigns and outline lighting installations and 2) factory assembled signs-and outli

WIRING TERMINAL — Terminal connection expected to be made in the field
facturing process.

BLE SIGN FACE - Sign face that is not rigid enough’to 'support itself.

UNDED CONDUCTOR - Supply circuit conductor intentionally connected to
source. Also known as "common" or "neutral".

PMENT GROUNDING CONDUCTOR:+ Conductor provided to bond dea

product to earth ground.

1.3.32 GTO
secondary or (

1.3.33 GTO
lengths of GT(

1.3.34 GTO

1.3.35 GUAR
potential risk d

CABLE - Gas tube oil ignition“cable. Rated 5 kV, 10 kV, or 15 kV for use

CABLE SPLICE ENELOSURE - Containment device intended to enclose thg
D cable that complies with the enclosure requirements.

SLEEVING <'A component specifically identified for use over GTO cable.

RD — Part’ provided primarily for the purpose of limiting user access to comp
f injury to persons (for example, high-temperature or moving parts).

utput of a neon supply and.fieon tubing and between segments of neon tubing.

ng facility.

for use in 1)
ne lighting.

rather than as

ground at the

d metal of a

between the

splice of two

onents with a

1.3.36  HAZARDOUS ENERGY LEVEL - Stored energy level of 20 J or more, or an available continuous

power level of

1.3.37

240 VA or more, at a potential of 2 V or more.

contact with live parts.

1.3.38

1.3.39

INSULATED LIVE PART — See definitions for Part, 1.3.54.

requirements specified in this standard.

1.3.40

ISOLATED LIVE PART — See definitions for Part, 1.3.54.

INSULATING BARRIER - Barrier provided in place of a required electrical spacing and is in direct

INTEGRALLY SLEEVED GTO CABLE — GTO cable that conforms to additional construction
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1.3.41 ISOLATING BARRIER - Barrier not in direct contact with live parts which is provided to maintain
separation between circuits of opposite polarity or to reduce a required electrical spacing.

1.3.41.1 LED DISPLAY UNIT — An arrangement of discrete LEDs, LED array(s) or LED panel(s)
assembled to display data in the form of images in changing message signs. LED display units are not
intended to provide general illumination.

1.3.42 LIMITED POWER SOURCE (LPS) — Power supplies identified as “LPS” or where the output is
considered limited power, are considered equivalent to power supplies with Class 2 outputs.

1.3.43 LOCATION OF USE DESIGNATION

1.3.43.1 DRY - Designation for a component that has been evaluated for use in an envirponment where
the component is not normally subject to dampness or wetness. Examples include lindide an indoor
shopping mall, inside a retail store, and other similar places.

1.3.43.2 DAMP - Designation for a component that has been evaluated for’ use in exterior locations
where protecied overhead from rain and snow, or interior locations where_subject to moderate degrees of
moisture, prinparily by humidity and condensation. Protection overhead isigenerally considerged to be within
an area formgd by an imaginary line drawn from the outer edge of the, eave, overhang or sign body inward
at a 45° anglg from vertical. Additionally, the interior of a sign body provided with a sign face and installed
in an outdoor exposed location is a damp location. Examples ‘include protected areas sugch as under a
canopy and uhder a roofed porch.

1.3.43.3 WHT - Designation of a component that has:been evaluated for use in a location|that is subject
to precipitation, direct spray or splashing of water ot other liquids. Examples include locgtions used for
outdoor chanmel letters and outline lighting.

1.3.44 LUM|NOUS TUBE - See the definition for Neon Tubing 1.3.46.

1.3.45 NEON ELECTRODE ENCLOSWURE — Component designed to fit over the end of neon electrode
to enclose thg splice between the lead of the electrode and GTO cable lead.

1.3.45.1 NEON ENCLOSURE-SYSTEM - A system of parts intended to enclose GTO wirg, neon tubing
electrode, andl its connection in a wet location.

1.3.46 NEON TUBING — An industry term for electric-discharge lamps or tubing used in signs and outline
lighting, incluzring cold-cathode lamps, regulated by Article 600 of the National Electric Code} NFPA 70.

1.3.47 NEON TUBING CLEAR COAT - Clear coating of a vinyl type material applied over the length of a
neon tube to protect other coatings and mechanically strengthen a neon tube.

1.3.48 NEON TUBING LUBRICANT — Compound applied to the end of a neon tube for the purpose of
making it easier to slide a close fitting neon electrode enclosure over the end of an electrode.

1.3.49 NEON TUBING TINT — Coating applied to neon tubes to block the emission of one or more light
frequencies to change the overall appearance of the light from a neon tube.

1.3.50 OPEN HOLE - Aperture in an accessibility barrier or enclosure that is not covered or filled by
another part. Typically, open holes are provided for ventilation, mounting means, and supply connections.
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1.3.51 OPENING - Aperture in an enclosure that is covered or filled by a plug or knockout and that has
the potential of becoming an open hole. Typically, openings relate to supply connections, commonly
referred to as a knockout, and accessibility for inspection of splices.

1.3.52 ORDINARY TOOLS - For the purposes of these requirements, ordinary tools are defined as flat
blade and Phillips head screwdrivers, nut drivers, and pliers.

1.3.53 OUTDOORS - Identifies a location that could be either outdoor protected (now defined as a damp
location), or outdoor exposed (now defined as a wet location). See definitions for Location of Use

Designation, 1.3.43, for the definition of current terminology.

1.3.54 PART
1.3.54.1 AC(
13542 CU

electrical and
1.3.54.3 EXH

1.3.54.4 ISO
electrical com

1.3.54.5 INS
suitable for the

1.3.55 PERF
for a given ele

1.3.56 PRES
one or more V
straight segme

1.3.57 RIGIO
when secured

1.3.58 SAFH
energy that rg

CESSIBLE — An electrical or moving part that is accessible to a user during usq

RRENT CARRYING LIVE — An electrical part such as a wire ori\lampholde
ualifies to be considered an insulated live part.

POSED LIVE - Electrical or moving part that is accessible t6.a user during norn

s

g

LATED LIVE - Electrical part that is isolated from ground reference as
pbonent such as a ferromagnetic transformer.

JULATED LIVE — Electrical part that is energized and surrounded by inst
voltage involved.

ORMANCE LEVEL CATEGORY (PLE) VALUE - Integer that defines a range
Ctrical/mechanical property test for, polymeric (plastic) materials.

SURE WIRE TERMINAL =Wiring terminal that secures and makes electrical
vires. This is accomplished by means of a tightening device that presses a
nt of the conductor(s) between conductive surfaces.

SIGN FACE £ Material formed as a sign face that is rigid enough to be s
in place and does not require a tensioning system.

TY EXTRA-LOW VOLTAGE (SELV) CIRCUIT — Secondary circuit with limite
duces-the risk of fire and shock in accordance with the requirements in the

r servicing.

r, that carries

hal use.

result of an

lation that is

of test values

connection for
nd captures a

elf supporting

d voltage and
Standard for

Information Te

chnology Equipment Safety — Part 1: General Requirements, UL 60950-1.

1.3.59 SIGN BODY - Portion of a sign that provides protection from the weather but is not an electrical

enclosure.

1.3.60 SIGN FACE - Part of the overall exterior of a sign intended to convey a message or display an art
form and transmits or reflects and internal light source. A sign face may function as a water shield and/or
accessibility barrier. A sign face may also be enclosure rated.

1.3.61

face material across the sign and maintain tension on the sign face material.

1.3.62 SIGN

1.3.62.1

DESIGNATION

FIXED — Intended to be permanently connected to an electrical source of supply.

SIGN FACE TENSIONING - Clamps, fasteners, and the like provided to secure a flexible sign
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1.3.62.2 PO

RTABLE — Meets all of the following:

a) When provided with mounting means, is removable from its intended mounting without the use
of tools,

b) weighs 22.7 kg (50 Ib) or less,

c) Product of its longest dimension times its weight does not exceed 575 kg-mm (1500 Ib-in), and

d) Is connected to an electrical source of supply by a power-supply cord.

1.3.62.3 STATIONARY — Meets all of the following:

a) Inte
b) Ren

c) Con

1.3.63 SKEI
lighting and th
directly install

1.3.64 SLEH
electrical part

1.3.65 SOL
to each other,

1.3.66 SPLI
wiring terming

1.3.67 STR
transmitted th

cord inside th

1.3.68 THEF

another wher¢ maximum temperature considerations are required.

1.3.69 THR

hded to be fastened in place or located in a dedicated space (not portable);
hovable from its intended mounting with the use of no more than ordinary.iools

nected to an electrical source of supply by a power supply cord.

[ETAL NEON SIGNS AND OUTLINE LIGHTING — Neon tubing is itself the
e body of the sign or outline lighting is the building or structure onto which the
ed.

EVING — Covering, or an insulating or protective sheath, or both, that is intend
such as a conductor, a connection, or a splice:

ENT — Material that acts as a catalyst on<parts to be fastened that causes fusi
after which the material evaporates andno longer exists as a fastening mediu

| or wire binding screw is not.gconsidered to be a splice.
rough that portion ofta wire or cord outside a product to the termination poin

b product.

RMAL BARRIER — Provided to reduce the transfer of thermal energy from one

and

s5ign or outline
neon tubing is

ed to cover an

ng of the parts
m.

CE — Any point where one wire js gonnected to another wire. A wire terminating at a pressure

AIN RELIEF DEVICE - Knot, bushing, or equivalent intended to prevent strain from being

of the wire or

component to

DUGH"WALL ELECTRODE RECEPTACLE — Neon receptacle with integral

intended for g

ohduit connection of high voltage supply. These may also be referred to as

e

etal housing,
tal enclosed

electrode receptacles.

1.3.70 TUBE SUPPORT - Elevation post or standoff used to secure neon tubes in place.

1.3.71
grounding ele

ctrode. Commonly called the "live" or "hot" conductor.

UNGROUNDED CONDUCTOR - Supply conductor that is not connected to the ground system or

1.3.72 USER SERVICEABLE PART — Component or part intended to be replaced or adjusted by the
user of a sign.

1.3.73 WATER SHIELD — Material relied upon to reduce or prevent the entrance of water into a sign or
onto current-carrying parts within a sign.

1.3.74 WEATHERPROOF — See wet location 1.3.43.3.
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1.3.75 WIRE BINDING SCREW - Screw where the threaded portion acts as a post around which a
single wire is to be wrapped.

1.3.76 WIRE — Consists of a metallic conductor provided with insulation along its length, the combination
of which define the maximum voltage rating and current carrying abilities.

1.4 Components

1.4.1 Except as indicated in 1.4.2, a component of a product covered by this Standard shall comply with
the requirements for that component. See Appendix A for a list of Standards covering components
generally used in the products covered by this Standard.

142 A com;|>onent is not required to comply with a specific requirement that:

a) Invdlves a feature or characteristics not needed in the application of the -component in the
product covered by this Standard; or

b) Is syperseded by a requirement in this Standard.
1.4.3 A component shall be used in accordance with its rating for the intended use.

1.4.4 Specific components are accepted as being incomplete(in~Construction features, gr restricted in
performance gapabilities. Such components are intended forsuse only under limited condifions, such as
temperatures ot exceeding specified limits, and shall be ‘dséd only under those specific| conditions to
which they haye been investigated.

1.5 Undated references

1.5.1  Any undated reference to a code or standard appearing in the requirements of this $tandard shall
be interpreted|as referring to the latest edition-of that code or standard.

1.6 Units ofmeasurement

1.6.1 Values|stated without parentheses are the requirement. Values in parentheses are ¢xplanatory or
approximate ifformation. See ‘Appendix B for metric conversion multipliers.

1.6.2 Unless|otherwise stated, all voltage and current values mentioned in this Standard are root-mean-
square (rms).

2 Construction
2.1 Enclosure
2.1.1 General
2111 Except as specified in 2.1.1.2, all insulated and uninsulated current-carrying parts shall be
enclosed in metal, glass or polymeric material in accordance with the requirements in 2.1.2 through 2.1.4.
Compliance is permitted to be determined in conjunction with other components as specified in 2.1.1.4.
2.1.1.2 Insulated and uninsulated current-carrying parts identified for use when connected to a voltage

and power limited circuit are not required to be enclosed. A supply source is considered power limited
when it has voltage, current and energy output limitations in accordance with 2.12.6.1.
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2.1.1.3 All neon tubing and lamps are to be installed as intended when determining compliance with the

enclosure requirements.

2.1.1.4 A component intended for installation in conjunction with another component found to comply

with this standard, is permitted to rely on the other component to comply with the enclosure requirements.

2.1.2 Metal enclosures

2.1.2.1

Table 2.2 or Table 2.3.

A metal enclosure shall comply with the requirements in 2.1.2.2 through 2.1.2.9 and Table 2.1,

Table 21

Thickness of cast-metal enclosures

Minimum thickness of cast metal

Unreinforced

Reinforced'

Materialllocation mm (in) mm (in)
Cast metal 3.2 0.126 2.4 0.094
Cast malleable |ron 24 0.094 1.6 0.063
At a threaded cpnduit hole 2.4 0.094 1.6 0.063
At an unthreaddd conduit hole 2.0 0.079 1.2 0.047

Notes:
1. Reinforced —

2. Threads and
strength of stru

\When the material is provided with integrally cast angles, channels, ribs, flanges or ridges.

Breakouts — Areas around threads, breakouts, or similar features are permitted to be thinner, providing the
ture is not affected, but in case thinner than permitted for the same length of sheet metal.

Table 2.2

Minimum thickness of uncoated and zinc coated steel

Uncoated steel

Zinc coated or galvarjized steel

Unreinforced Reinforced Unreinforced Reinforced
Specific donstruction mm (in) mm (in) mm (in) mm (in)
At opening for conduit 0.66 0.026 0.66 0.026 0.74 0.029 0.74 0.029
conrjection
Length not No elécttical 0.41 0.016 0.33 0.013 0.48 0.019 0.41 0.016
more than 38 component
cm (15in) support
Elactrical ﬂ_/11 n_mc: n_/11 n_n»m r'\_AQ n_n»io n_18 0019
component
support
Length more No electrical 0.41 0.016 0.33 0.013 0.48 0.019 0.48 0.019
than 38 cm component
(15in) and support
less than 66 Electrical 051 | 0020 | 041 | o016 | 058 | 0023 | 048 | 0.019
cm (26 in)
component
support
Length 66 cm No electrical 0.51 0.020 0.41 0.016 0.58 0.023 0.48 0.019
(26 in) and component
less than 122 support
cm (48 in)

Table 2.2 Continued on Next Page
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Table 2.2 Continued
Uncoated steel Zinc coated or galvanized steel
Unreinforced Reinforced Unreinforced Reinforced
Specific construction mm (in) mm (in) mm (in) mm (in)
Electrical 0.66 0.026 0.51 0.020 0.74 0.029 0.58 0.023
component
support
Length 122 No electrical 0.81 0.032 0.66 0.026 0.84 0.035 0.74 0.029
cm (48 in) or component
more and less support
tha”(ég?r']‘)‘ em Electrical 1.07 0.042 0.81 0.032 1.07 0.042 0.81 0.032
component
support
Length 152.4 No electrical 1.07 0.042 0.81 0.032 1.07 0.042 0.941 0.032
cm (60 in) or component
more and less support
tha”(;g?r']‘)‘ em Electrical 1.35 0.053 1.07 0.042 1.42 0,056 1.14 0.045
component
support
Length 185.4 | With or without 1.52 0.060 1.35 0.053 6 0.063 1.42 0.056
cm (73 in) and electrical
more component
support
Notes:

1. Length — the Ipngest straight line that can be drawn on any unsupported section of an enclosure. The longest strpight line is
measured in any| direction regardless of the shape of the enclosure seetion in any direction. The longest straight ling for an

enclosure sectiop that is frame supported in accordance with 2.1.2:8 and2.1.2.9, is measured in any direction on the enclosure
panel between the frame supporting members.

2. Length and frgme supported — A section of an enclosure secured to framing members not integral to the enclosure panel in

accordance with|2.1.2.8 and 2.1.2.9.

3. Unreinforced { A section of an enclosure as described in 2.1.2.5 or that does not comply with the requirements i 2.1.2.3 and
2.1.2.4 for being|a reinforced enclosure section,

4. Reinforced — A section of an enclosure that is provided with curves, ribs, breaks or flanged surfaces in accordange with 2.1.2.3

and 2.1.2.4.

5. No electrical jomponent support — the minimum thickness required when no electrical components are secured jo and

supported by thg enclosure surface,

Table 2.3
Minimum thickness of aluminum, copper or brass enclosures

Copper, brass, aluminum sheet and extruded aluminum

Unreinforced Reinforced
Specific construction mm (in) mm (in)

At opening for conduit connection 0.81 0.032 0.81 0.032

Length not more than 38 | No electrical component support 0.51 0.020 0.41 0.016
cm (15in) Electrical component support 0.51 0.020 0.51 0.020
Length more than 38 cm | No electrical component support 0.51 0.020 0.41 0.016
(15 in)s;d(;%s?n;han 66 Electrical component support 0.64 0.025 0.51 0.020
Length 66 cm (26 in) and | No electrical component support 0.56 0.022 0.43 0.017
less than 122 cm (48 in) Electrical component support 0.71 0.028 0.56 0.022

Table 2.3 Continued on Next Page
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Table 2.3 Continued

enclosure secti
panel between

Length and fran|
accordance wit

3. Unreinforced
2.1.2.4 for being

4. Reinforced —
and 2.1.2.4.

5. No electrical
supported by th

he frame supporting members.

— A section of an enclosure as described in 2.1.2.5 or that does not comply with the requirements

A section of an enclosure that is provided with curves, ribs, breaks or flanged surfaces in accordar

component support — the minimum thickness required when ho electrical components are secured
B enclosure surface.

Copper, brass, aluminum sheet and extruded aluminum
Unreinforced Reinforced
Specific construction mm (in) mm (in)
Length 122 cm (48 in) No electrical component support 0.91 0.036 0.71 0.028
and less th?:)152 cm (60 Electrical component support 1.47 0.045 0.91 0.036
Length 152 cm (48 in) No electrical component support 1.47 0.045 0.91 0.036
and less th?:)185 M (73 |"Ejectrical component support 1.91 0.075 1.47 0.045
Length 185 cm (73 in) or | With or without electrical 2.41 0.095 1.91 0.075
more component sUpport
Notes:
1. Length — the Jongest straight line that can be drawn on any unsupported section of an enclosure. The longest straight line is
measured in anj direction regardless of the shape of the enclosure section in any direction. The longest, straight line for an

n that is frame supported in accordance with 2.1.2.8 and 2.1.2.9, is measured in any\direction on

e supported — A section of an enclosure secured to framing members not integral to the enclosurg
2.1.2.8and 2.1.2.9.

a reinforced enclosure section.

he enclosure

panelin

2.1.23and

ce with 2.1.2.3

to and

2122 The
measurement
minimum me
steel, before 1

2123 A r¢
material proy
mechanical |
thickness req

2.1.2.4 For

s made before the application of paints, varnishes and organic coatings. The
al thickness also apply to measurements made, for other than zinc coated
hetallic coatings have been applied.

frength across the/span of the material that is equivalent to unreinforced 1
Lired for the same length.

steel, copper, aluminum, brass or extruded aluminum to be considered as
specified in Table 2:2*and Table 2.3, the material shall be provided with one of the following

values for minimum metal thickness in Table 2.1, Table 2.2 and Table

2.3 apply to

nforced construction as indicated in Table 2.1, Table 2.2 and Table 2.3, is
ided with integralangles, channels, breaks, ribs, flanges or ridges, th

features. The

reinforcement feature shall divide the enclosure into sections such th3

values for the
or galvanized

an enclosure
At provides a
haterial of the

reinforced as
reinforcement
t the longest

dimension of
enclosure:

TR 2R T 4 : FEREIN | ! 41 4+ ! bl :
dil U UIT TESUTUTTY STULHUTTS 15 UTTE UTITU UM 1Es5S UidalT UTe TUTNTYTSU UTTIETISTONT Ul

a) Flanges, angles or breaks that are 45° to 120° to the plane of the panel,

the undivided

b) Ribs and ridges that are at least 3.2 mm (0.126 in) high from the plane of the panel with an
internal angle of 45° to 120°,

c) Curves running across the shortest dimension, or

d) Channels having two 90° angles or breaks running in any direction.

2.1.2.5 The following constructions are not considered to be reinforced:

a) A single sheet with a formed edge flange around its perimeter,
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b) A single sheet that is ribbed not meeting the angle criteria in 2.1.2.4,
c) A single sheet that is corrugated with the curves running parallel to the long dimension, and

d) A single sheet of sheet metal with reinforcement features, but is secured to a peripheral frame by
a means that would allow the material to flex at its center. For example, securement by physical fit
into a channel.

2.1.2.6 For a cast metal to be considered as reinforced as specified in Table 2.1, the material must be
provided with integrally cast angles, channels, ribs, flanges or ridges.

2.1.2.7 The length dimensions specified in Table 2.1, Table 2.2 and Table 2.3 are measured as the

longest straig
straight line fd
straight line fo
measured in &

2.1.2.8 Asu
not an integra
attached to tH
material is sec

2.1.2.9 A supporting frame shall consist of:

a) Ang
in) with

b) Flat

c) An
dimens

2.1.3 Non-metallic inorganic enclosure

2.1.3.1 Ano
mm (0.1-in) th
2132 Ano

for an insulatin

It “IIU ti |at oall IUU UlIdVVII dallUsSoS dlly LJIIDLJIJIJUI-{UUI DUbt;UII Uf ti 1< Illdtcl |ai
r an enclosure section is measured in any direction regardless of the shape
[ an enclosure section that has a supporting frame in accordance with 2.4°2/8

The longest
. The longest
hnd 2.1.2.9, is

hy direction on the enclosure panel between the supporting frame mgmbeérs.

pporting frame is a structure of angle, channel or a rigid folded length of shee
part of the enclosure panel and complies with 2.1.2.9. The supporting frame n
e enclosure material at regular intervals and to other materials to which

ured, and have essentially the same outside dimension$ as the enclosure surf:

e iron or aluminum having a cross sectional.dimension of at least 13 by 13 nj
a material thickness of 8.1 mm (0.266 in);

metal bars which are minimum 9.5-mm,(0.375-in) wide and 3.2-mm (0.125-in)

nternal metal structure such aS)a chassis, that is rigidly secured togethe
ional structure onto which thelenclosure material is secured at regular interval

n-metallic inorganic) enclosure material, such as glass and ceramic, shall be
ck.

-metallic\inorganic material that encloses live parts shall also comply with the
g barrier-as specified in 2.2.1.

t metal that is
nust be rigidly
he enclosure
hce.

m (0.5 by 0.5

hick; or

to form a 3

D.

minimum 2.5-

requirements

ha Iv-v\

2.1.3.3 Anoh

raazadia 4
y Vo a e

2.1.3.4 A non-metallic inorganic enclosure material relied upon to house a heat producing component
and intended for use in a damp and wet locations shall comply with the Environmental Conditioning Test
as specified in 3.3.2.

2.1.3.5 A non-metallic inorganic enclosure material intended for use in wet locations shall comply with
the Thermal Shock Test as specified in 3.3.3.

2.1.4 Polymeric enclosures other than neon electrode enclosures or GTO sleeving

2.1.4.1 An enclosure of polymeric material shall comply with the requirements specified in 2.1.4.2 —
2.1.4.7. Polymeric material includes thermoplastic and thermosetting materials and composite type
materials bonded together by organic compounds. Thermosetting material is a polymeric material such as
phenolic and epoxy that are cast rather than molded.
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2.1.4.2 An enclosure material shall comply with the requirements in Table 2.4 and where applicable,
additional requirements in Sections 4 and 5 specific component.
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Table 2.4
Polymeric enclosure material requirements
Installation Type
Portable ———Location Designation Type of Sign llumination Flammability
Walljand
Pend@nt or AnyV 5VA
Table Top | Wall only | Pendant Only | Dry Damp Wet *| *F HID LED Rating Rating Min. RTI uv
Measured
X X X Temperature
Measured
X X X Temperature X
Measured
X X X Temperature X
Measured
X X X Temperature
Measured
Temperature
X X X +15°C (27°F)
Measured
Temperature
X X X +15°C 27°F) | x
Measured
Temperature
X X X +15°C (27°F) X
Measured
Temperature
X X X +15°C (27°F)
Measured
Temperature
X X X +15°C (27°F) X
Measured
Temperature
X X X +15°C (27°F) X
Measured
Temperature
X X X +15°C (27°F) X

Table 2.4 Continued on Next Page
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Table 2.4 Continued
Installation Type
Portable Location Designation Type of Sign lllumination Flammability
Walp-and
Pendant or AnyV, 5VA
*P Table Top | Wall only | Pendant Only | Dry Damp Wet *| *F HID LED Rating Rating Min. RTI uv
Measured
X Temperature
X X X +15°C (27°F) X
Measured
X X X X Temperature
Mea-sured
X X X X Temperature X
Measured
X X X X Temperature
Measured
X X X X Temperature
Measured
X X X X Temperature X
Measured
X X X X Temperature
Measured
Temperature
K X X X X X X X X +15°C (27°F) X

*

Notes:

P — Permanent, | — Incandescent, F —

1. An "X" provided in a column under Inst:

4. A component designated for use in a pdrman
ambient conditions from external infrared radiation.

Fluorescent and Neon

llation and lllumination Type in the row of a component, identifies the use of a component.

2. A component designated for a particulaf type of sign,installation is considered a limited component provided with appropriate information i
A component that carries no installation type limitationtinstruction is to comply with the more stringent temperature and flammability requiren

ents.

g installed where subject to increased

6. A component identified for use without regard to a particular type of illumination in a sign shall comply with the most stringent requirements for all types of illumination.

Hentifying the conditions of its limited use.

n a wet location sign subject which is also

5. A component designated only for use in a portable sign and is designated for use in a damp location is considered to include being installed in a damp or wet location sign outdoors
where subject to increased ambient conditions from external infrared radiation.

Table 2.4 Continued on Next Page
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Table 2.4 Continued

Installation Type

Portable Location Designation Type of Sign lllumination Flammability
Walland
Pendr Any V 5VA
*P Table Top | Wall only | Pendant Only | Dry Damp Wet *| *F HID LED Rating Rating Min. RTI uv

7. A component limited to being used in on
external infrared radiation.

8. A component designated for use in a poftable combination wall and pendant, or pendant only installation type sign, designated for use in aldry location is considered to be subject to
bient conditions from external infrared radiation exist.

installation in windows where increased an

9. The minimum Relative Temperature Indg
is specified, the minimum RTI shall be 15°
of signs.

10. A component with no design limitation
material that is UV rated.

11. Flammability — All V Type is inclusive of

12. UV — Identifies a resistance to ultraviolg

flammability ratings of V-2, V-1, V-0 and 5-VA and B.

y portable wall type signs in a dry location is considered to be limited to locations where NOT subjgct to increased ambient conditions from

x (RTI) is the maximum measured temperature determined in accordance with' the Normal Tempefature Test, 3.4.2.3. Where +15°C (27°F)
(27°F) higher than the maximum measured temperature normalized to 25°C (45°F) to represent

r instruction limitation for the type of illumination provided in a sigmninto which the component may|be installed, shall have a polymeric

t radiation rating for materials subject to ultraviolet radiation from the light source and/or external qources.

h higher ambient typical for certain types
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2.1.4.3 The minimum temperature rating for a polymeric enclosure material determined in accordance
with the standard for Polymeric Materials — Long Term Property Evaluations, UL 746B shall be the highest
temperature of either:

a) The Relative Thermal Index Based Upon Historical Record; or

b) The Relative Thermal Index (RTI) with impact Based Upon Long-term Thermal-Aging Programs.

Table 2.5

Relative thermal indices based upon past field-test performance and chemical structure

2144 The

a) By
Applia

b) By t
proced

2145 Ath

enclosure shd

2.1.4.6 A pg

within 13 mm

brush contact|

a) Hay

Table deleted

hces, UL 94; or

ure in 3.2.2.1.2 as appropriate for the minimum flammability rating.

Il have a minimum flammability rating of V-2.

5 of motors shall:

Test specified in 3.2.2.3 or the Glow<Wire End Product Test in 3.2.2.4, and

b) Ha
compl

3.2.2.9.

21.4.7 Anpg
(CTl) of 1, 0
3.2.2.2.

2.2 |Insulati

2.21

e a minimum PLC rating for high-current arc resistance to ignition rating
with the High-Current Arc Ignition Test of 3.2.2.5 or the End-Product Arc Res

lymeric enclosure material shall have a minimum PLC rating for comparative
comply with the Comparative Tracking Index Performance Level Index Te

ng.barrier

flammability rating of a polymeric enclosure material shall be determined.as’sp

the Standard for Tests for Flammability of Plastic Materials for-Parts in

he Self Extinguishing 5VA testing procedure in 3.2.2.1.3, or.the'Self Extinguish

e a minimum PLC rating for hot-wire ignition (HWI) of 2, or comply with the Hg

ecified below:

Devices and

ing V-2 testing

brmoplastic type potting material that fully encapsulates live parts and also flinctions as an

lymeric enclosure material located within@.8 mm (0.032 in) of any uninsulated live part or
(0.5 in) of any unenclosed mechanical contacts that make and break currenf

, including the

t-Wire Ignition

(HAI) of 2, or
stance Test of

tracking index
st specified in

Where a glass material is provided to function as an insulating barrier in direct contact with live

parts over 1000 V, shall be of borosilicate glass and have no metal content such as lead or iron.

2.2.2 A polymeric material in direct contact with live parts that functions as an insulating barrier shall:

a) Have a flammability rating of at least HB or comply with the HB Testing Procedure specified in
3.2.2.1.4;

b) Have a temperature rating equal to or greater than its maximum operating temperature in the
component;

c) For molded or formed thermoplastic parts, comply with the Mold Stress Relief Distortion Test of
3.4.1.1; and
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d) Have a HWI (Hot wire Ignition), HAI (High Ampere Ignition) and CTl (Comparative Tracking
Index) PLC values not greater than 2. A thermoset material such as epoxy is not required to have a
HWI, HAI or CTI PLC rating.

2.3 Accessibility barrier

2.31

The following shall be made inaccessible to contact during normal use and user servicing by a

material that complies with 2.3.3 — 2.3.6. Inaccessibility shall be judged in accordance with 2.3.2.

a) All uninsulated current-carrying parts having voltages in excess of 15 Vrms (21.2 Vpeak) in a
component identified for use in a damp or wet location;

b) All ¢
compo

c) All ¢
operati

d) All ir

e) All
identifig

I I;I |buiatcu' CUITCI It odall yII Ig }Jdl“lb i IdViI Iy VUitdyUb ;II CALCOSS Uf SG ‘Vll LLILLS) (42
hent identified for use in a dry location;

urrent carrying parts having insulation less than 0.71-mm (0.028-in) thick and
hg voltage of 600 V or less;

sulated current carrying parts having a continuous operating voltage of greate

splices in wiring having a voltage in excess of 15 Vrms*(21.2 Vpeak) in
bd for use in a damp or wet location and in excess of 3@ Vrms (42.4 Vpeak) in

identified for use in a dry location;

f) Any
abrasid

g) Dea

2.3.2 Apart
articulate prok
intended wher
depth that an

or angled bef
examine the

configuration i

d Vpeak) in a

a continuous

r than 600 V;

a component
a component

moving parts that could result in physical injuryyto a user, such as laceration, puncture or

n; and

] metal parts that are at a risk of being ehergized and are not grounded.

equired to be inaccessible in accordance with 2.3.1 shall not be able to be co
es shown in Figure 2.1 or Figure 2.2. All neon tubing and lamps are to b

ntacted by the
e installed as

determining compliance withaccessibility requirements. The probe is to be applied to any

bpening will permit and witha force not greater than 4.4 N (1 Ib). The probe ig
bre, during, and afterinsertion through an opening to any position that is
part. The probe istwto be applied in any possible configuration, and, if n
5 to be changed-after insertion through an opening.

to be rotated
necessary to
ccessary, the
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Figure 2.1

Articulate probe with web stop
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Figure 2.2

International Electrotechnical Commission (IEC) articulate accessibility probe with stop plate
courtesy of IEC
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2.3.3 A matgrial that prevents access to.a part that is required to be inaccessible in ac¢ordance with
2.3.1 and 2.3.2 shall be constructed of:

a) Metal (ferrous, aluminum, brass, zinc, or copper), minimum 0.41-mm (0.016-in) thigk;
b) Glags, porcelain, or ceramic, minimum 3.2-mm (1/8-in) thick;

c) Impregnated glass fiber sleeving minimum 0.25-mm (0.01-in) thick, that is [rated for the
tempernature involved;

d) Vulcpnized fiber, minimum 0.71-mm (0.028-in) thick; or

e) Polym

2.3.4 An accessibility barrier used to make live parts inaccessible shall be subjected to the dielectric
voltage withstand tests specified in 3.4.2.5 while the barrier is being subject to the accessibility barrier test
specified 3.4.1.7. The dielectric voltage withstand tests shall be applied between live parts and the user or
service personnel side of the barrier to include the combination of barrier material, spacing between the
barrier and live parts, and any other material between live parts and the user or service personnel side of
the barrier. The dielectric withstand voltage shall be based on the operating voltage to ground of the live
parts being made inaccessible.

2.3.5 A polymeric material used to form an accessibility barrier to prevent access to uninsulated live
parts having a maximum voltage of 1000 Vrms or less shall comply with the following material
requirements. A polymeric material used to prevent access to insulated and uninsulated current carrying
parts in excess of 1000 Vrms (1414 Vpeak) to ground shall also comply with 2.3.6.
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a) A polymeric material shall have a Relative Temperature Index that exceeds the maximum
operating temperature of the barrier as measured by the Normal Temperature Test specified in
3.4.2.3;

b) A polymeric material shall have a minimum flammability rating of minimum HB for the thickness
provided or, for material with a thickness that is less than required for the flammability rating,
comply with the Slow Burning HB Testing Procedure specified in 3.2.2.1.4;

c¢) A polymeric material shall have a maximum PLC of 3 for hot wire ignition (HWI) and a maximum
PLC of 3 for high-ampere arc ignition (HAI); and

d) Comply with the Mold Stress Relief Distortion Test of the Standard for Polymeric Materials — Use
in Electrical Equipment Evaluations, UL 746C.

2.3.6 A poly

and uninsulated current carrying parts exceeding 1000 Vrms (1414 Vpeak) to groind, shd

the following:
a) The

b) Co

requirgments in 2.3.4.

meric material provided to serve as an accessibility barrier preventing contact

spacing requirements in accordance with 2.15; or

mply with Material Dielectric Voltage Withstand Test specified in 3.2.2.1

with insulated
Il comply with

6 or the test

2.4 Openings and open holes
2.41 Openholes
2411 An gpen hole in a material that encloses-live parts or makes live or moving parts inaccessible
shall:
a) Not| permit contact with insulatediand uninsulated current carrying parts when the Accessibility
Probelis applied as specified in 2.4.1.6;
b) Not be larger than the, dimensions specified in Table 2.6, unless provided wfth a baffle in
accordance with 2.4.1.5.
c) Nof be located in‘the enclosure of an open core and coil ballast or transfornper unless the
encloqure has only:one likely orientation when mounted or installed and is baffled [or louvered to
prevent the potential escape of molten material while in that orientation.
Table 2.6
Maximum size of miscellaneous open holes
Maximum dimension Maximum area
Opening shape mm (in) mm? (in)?
Slot 9.6 .375 9.68 1.5
Slot between two assembled parts 0.8 0.031 None None
Square 12.7 0.5 width None None
Round 12.7 0.5 diameter None None
Irregular 12.7 0.5 per side 9.68 1.5

2.41.2 Open holes provided for draining moisture from a component intended for use in damp or wet
locations shall be free of burrs. Circular drainage holes shall have a diameter of 6.4 — 12.7 mm (1/4 — 1/2
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in). When not circular such holes shall have a minimum dimension of not less than 6.4 mm (1/4 in) and an
area of 32.2 — 129.0 mm? (0.05 — 0.20 in?).

2.4.1.3 A hole for drainage shall be located in the bottom of the component or at the bottom edge of the
back surface of the component. The location of the hole for drainage of water shall not be located where
drainage is likely to occur onto other live parts when installed in a sign.

2.4.1.4 In a damp or wet location component, a horizontal surface that forms a trough shall be provided
with one or more drain holes when a trough is arranged, formed, or located so that water pockets are not
formed.

2.4.1.5 An open hole having dimensions larger than those specified in Table 2.6 is permitted when the
open hole is baffled in accordance with Figure 2.3 to reduce access to live or moving parts:

Figure 2.3

Relationship of baffle and electrical part to prevent emission

ENCLOSURE
OPENING

ELECTRICAL

PART
~' M

{
o \—:—
1

f

e~
=

BAFFLE —/

IN WHICH: X=1/4 INCH (6.35 mm)
Y =M
L =2X

S3373

2.41.6 The probes referenced in and illustrated in Figure 2.1 and Figure 2.2 are to be applied to any
depth that the open hole will permit, and shall be rotated or angled before, during, and after insertion
through the open hole to any position that is necessary to examine the enclosure. The probe shall be
applied in any possible configuration; and, if necessary, the configuration shall be changed after insertion
through the open hole. The probe shall be used as measuring instruments to judge the accessibility
provided by an open hole, and not as instruments to judge the strength of a material. They shall be applied
with the minimum force necessary to determine accessibility.
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2.4.2 Openi

2421

ngs

A cover over an open hole in an enclosure shall be provided with means (such as screws, spot

welding, interlock tangs and the like) to firmly secure it in place. Friction alone is not sufficient.

2.4.2.2 A knockout shall be adequately secured and yet removable without undue deformation of the
enclosure as determined by compliance with the Knockout Test as described in 3.4.1.2.

24.2.3

open holes shall be covered such that they exist as either knockouts or covered open holes.

2424 AK

ockout provided over a supply or output conduit open hole shall comple

If more than one open hole is provided for the supply and output connections, all but one of the

ely cover the

opening in wh
0.25mm (0.0

ich it is located and the clearance between the cover and the opening shall'be
0 in) before painting. The knockout thickness shall comply with the enclesure

2.5 Sign body

2.5.1 Polym
upon to preve
with one of th

a) Ultn

3.4.1.6

b) Ult

eric material of a component to be installed on a wet locationvend use prod
nt the wetting of insulated current carrying parts during the«Rain Test in 3.4.1.
b following:

aviolet Radiation Exposure Conditioning in 3.2.1.5 followed by the Impact Te
; or,

aviolet Light Exposure Test of the Standard for Polymeric Materials — Us|

Equipment Evaluations, UL 746C.

2.6 Gasketg and bushings

2.6.1 A gas
ballast, switc
loosening dur

26.2 Agas
temperature 1
3.4.2.3 or sha

2.6.3 The a
the enclosure

ket or bushing required to jprevent water from entering an enclosure of sy
N, or contact current carrying parts, including conductors, shall be secured

no more than
requirements.

uct and relied
O shall comply

st specified in

e in Electrical

lices, outdoor
to prevent its

ng user maintenance by'a’clip, clamping ring, adhesive, or other mechanical means.

et or bushing shall be made of neoprene or rubber composition gasket mats
ating suitable for-the operating temperature as determined by the normal temg
Il withstand‘the flexibility and hardness test in 3.2.2.10.

jhesivesUsed to secure a gasket or bushing that is required to prevent water
and.which is likely to be exposed or not compressed as intended during user

erials having a
erature test of

from entering
maintenance,

shall comply \

dththe material adhesion testof 3.4 1 .13

2.7 Corrosion protection

2.7.1 All surfaces of ferrous metal parts including welds other than stainless steel and parts specified in
2.7.2, including hinges, bolts and fasteners, shall be protected against corrosion by galvanizing, painting,
plating, corrosion resistant coating or enamel.

2.7.2 Laminations and other parts of iron or steel such as washers and screws that do not serve as an
enclosure, accessibility barrier, water shield, or current-carrying part, are permitted without additional
corrosion protection.

2.7.3 Edges and punched holes in prefinished steel, and hanger locations for painting or plating in
ferrous metal, do not require any corrosion protection.
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2.8 Mechanical joints and fastenings

2.8.1

The method of making a joint shall:

a) Provide strength and rigidity and prevent turning that would result in movement of conductors or
wiring devices after the assembly is completed and;

b) Not result in reduction of spacings, loosening or displacement of parts, or other serious defects
that causes a product to no longer comply with the requirements in this standard.

2.8.2 Adhesive relied upon to comply with enclosure, sign body, and accessibility barrier requirements
and at any other location where the reliability of the securement means will affect a potential hazard, shall

be rated for th
Materials — U
3.4.1.18.

2.8.3 Solven

be utilized as

2.8.5 Self-th
place, or toge
threads into nd

2.8.6 Self-th
than 3.4 kg (7.

2.8.7 Self-th

in Electrical Equipment Evaluations, UL 746C or comply with the Material,Ad

, ultrasonic welding, electromagnetic induction, and thermal welding ‘are acce

-forming screws shown in Figure 2.4 shall not be used to\secure a cover or
terminal type screw that will be removed or replaced during field servicing.

eading and sheet metal screws used to secure electrical or enclosure comp
ther, shall comply with the Self-threading Serew Torque Test in 3.4.1.4, wh
n-ferrous metal or polymeric materials.

eading and sheet metal screws used-for mounting or supporting a part that
b Ib) per screw shall comply with the 'Self-threading Screw Torque Test in 3.4.1

eading and sheet metal screws shall not have the threads extend into a wiring

for Polymeric
hesion Test in

ptable means

component or

bnent parts in
en the screw

weighs more
4.

compartment

more than 5 mim (0.2 in) unless all conductors are reliably positioned away from the projecling screws or

the conductors

are stranded and sufficiently loose to prevent damage to the insulation.
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Thread-forming screw

Figure 2.4

2.9 Sharp edges

S3710

2.9.1 An edge, projection, or corner of.an enclosure, frame, barrier, guard, or the like, that is accessible

to contact during and after installation or as part of user maintenance and servicing
sufficiently sharp to cause a cut-type injury when contacted during installation, inte
maintenance.|An edge that hag'been smoothed or rounded to at least 120° back on itself is

2.10 Supply connections

2.10.1 Permanently connected components

21011 A sigh—component—intended—to—be—permanenth/—installed—shall-have—one of
. . SigH—GopoReht—iRtehaea—+to—be—perhaRehtty—Hhstatea—sSha+—hRave—ohe .

shall not be
nded use, or
cceptable.

provisions for connection as follows:

the following

a) Be provided with means for connection to a source of supply in accordance with 2.10.2 for
branch circuit supply connected components, or

b) Be provided with leads or terminals for factory installation only.

2.10.2 Branch circuit supply connections

2.10.2.1 An electrical component intended for connection in accordance with the National Electrical
Code shall have connection means that comply with 2.10.2.2 — 2.10.2.9 and either field wiring leads that

comply with 2.10.4.1 — 2.10.4.1 or field wiring terminals that comply with 2.10.5.1 —2.10.5.3.
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2.10.2.2 Acceptable means for connection to a permanent wiring system shall be by providing an
opening for conduit connection.

2.10.2.3 Unthreaded openings for conduit and the area surrounding the opening shall comply with the
requirements in Table 2.7.

Dimensions of unthreaded opening for condTJ?tbzlaig.;iameter of the area surrounding the opening
On interior of component, minimum
unobstructed diameter of flat surface
Nominal trade ﬂmﬂ_w” surrounding conduit opening
i mm (in) mm (in)
1P 22.2 (0.875) 29.09 (1.11)
3u 28.2 (1.109) 34.04 (1.34)
1 34.9 (1.375) 42.85 (1.69)
11/4 44.0 (1.734) 55.07 (2.14)

» A plus tolerande of 0.82 mm (0.032 in) and a minus tolerance of 0.38 mm (0.015 in) applies to the knockout diampter. Knockout
diameters are to|be measured other than at points where a tab attaches the knockout,

2.10.2.4 A threaded opening for conduit shall comply with.Table 2.8 and have one of|the following
configurations

a) Whgn tapped all the way through, the openingshall have at least 3.5 threads but np more than 5
thread$ and comply with the minimum unobstructed diameter of flat surface in| Table 2.7 to
accomfnodate the conduit bushing; or

b) Whgn not tapped all the way through}.the opening shall have at least 5 threads.

Table 2.8
Throat diameters for conduit openings

Nominal trade size of conduit Minimum throat diameter Maximum throat giameter
in mm (in) mm (in)

12 134 (0.528) 15.8 (0.622)

3/4 17.7 (0.697) 20.8 (0.819)

1 224 (0.882) 26.7 (1.051)

1-1/4 29.7 (1.169) 35.1 (1.382)

2.10.2.5 A component provided with a means of conduit connection shall be shipped with provision to
close all but one of the conduit openings.

2.10.2.6 Unless provided with a wiring compartment as specified in 2.10.2.7, an opening provided for the
purpose of making field connections to a branch circuit supply, shall not be located within 152 mm (6 in) of
the following:

a) Uninsulated live parts,
b) Low voltage circuitry,

¢) Heat producing components,
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d) Moving parts, and

e) Any electrical or mechanical component not specifically identified above that could result in an
increased risk of fire or shock.

2.10.2.7 The area adjacent to an opening where branch circuit supply connections are to be made in the
field and which has components located within 152 mm (6 in) of the opening, shall be enclosed within a
wiring compartment having a volume of at least 98 cm? (6 in®).

2.10.2.8 A field-wiring compartment intended for connection of a wiring system shall be attached to the
product so that it will be prevented from turning.

2.10.2.9 AnJoutlet box, terminal box, wiring compartment, or the like in which connections|to the product
will be made in the field shall be free from any sharp edge, including screw threads, a burr/a fin, a moving
part, or the like, that may abrade the insulation on conductors or otherwise damage the-wiring.

2.10.3 Field-wiring leads

2.10.3.1 A fleld wiring lead shall be of wire that complies with 2.12.3.and is no smaller|than 18 AWG
(0.82 mm?).

2.10.3.2 Th¢ free length of a field wiring lead shall be 15.2*cm (6 in) or more. Where a wiring
compartment|is provided, the free length is measured from the point of entry of the lead jnto the wiring
compartmentito the free end.

2.10.3.3 The¢ insulation of a lead intended for the\connection of a grounded conductor (common or
neutral) shall pe white or gray throughout its length¢

2.10.3.4 Th¢ insulation of a lead intended fer-the connection of an ungrounded (hot) condluctor shall be
any color othgr than white, gray, green, orgreen with yellow stripe.

2.10.3.5 Strain relief shall be proyided on field wiring leads so that stress on a lead will not pe transmitted
to the electrical connection inside a product. The acceptability of the strain relief mgans shall be
determined by the Strain Relief\Iest specified in 3.4.1.3.

2.10.3.6 The¢ insulatiomof a lead intended for the connection of a grounding conductor shall be green, or
green with yellow stripe)

2.10.4 Field-wiring terminals

2.10.4.1 A pressure wire type terminal or a wire binding screw shall be of the type suitable for field wiring.

2.10.4.2 A terminal intended for connection of a grounded conductor of an ac supply shall be metal
substantially white or silver in color or be marked in format S32-L3 with the words "NEUTRAL", "N", "W" or
"White". No other terminal shall be substantially white or silver in color.

2.10.4.3 A terminal intended for connection of a dc supply where polarity of the supply connection is
required shall be marked in format S32-L3 with the symbols "-" and "+" on or immediately adjacent to the
supply terminals.

2.10.4.4 The integrity of the wire connection shall not rely on the dimensional stability of thermoplastic
material unless the material has been evaluated for mechanical strength, resistance to impact, moisture
absorptive properties, combustibility, resistance to arching, resistance to temperatures to which the
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material is subject to under normal operating use, aging characteristics and those applicable requirements
in the Standard for Polymeric Materials-Use in Electrical Equipment Evaluations, UL 746C.

2.10.5 Detachable and non-detachable cord-connected and direct plug-in

2.10.5.1 A sign component that is not intended to be permanently connected to a source of supply shall
be provided with only one means of connection to the source of supply and shall be designated for use

only in a portable end product and be provided with one of the following means of supply connection:

a) A component intended to be provided with a non-detachable type power supply cord shall have
the cord permanently installed on the component,

b) A cg
with an

c)Ac
approp
plug-in

2.10.5.2 Unl

IIIpUIIUIIt ;Iltclldcd tU IU(: PIUV;U‘UL; Vv;t;l d Ulctdbi IdIUiU MUWCTT buppiy l.;UIuI Di Id
attachment cap having recessed male contacts, or

bmponent intended to be provided with a direct plug-in unit shall_be’ prov
riate type of connector to mate with the connector provided on the\output cor
unit.

pbss a component complies with 2.10.5.6, a non-detachable power supply

connector for @ detachable supply cord shall be of the grounding (three-conductor) type.

2.10.5.3 A component that is provided with a non-detachable power supply cord shall empl

or grounding-t

21054 Ac
cap that is po
shown in Figu

ype attachment plug as shown in Figure 2.5.

bmponent that is provided with a detachable power supply cord shall employ
arized or of the grounding-type attachment type that will accommodate the
e 2.5.

Figure 2.5

Connection to attachment plug

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING - TYPE
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED
OUTER SURFACE 9@

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

| be provided

ided with the
d of the direct

cord and a

Dby a polarized

a attachment
configurations

CONDUCTOR INTENDED TO BE GROUNDED

Notes to Figure 2.

(IDENTIFIED CONDUCTOR)®

CONNECTIONS OF CORD CONDUCTORS TO POLARIZED
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)®

5:

a) In the figure, the blade to which the green conductor is connected may have a U-shaped or a circular cross section.

b) In the figure,

the identified conductor is the conductor that is intended to be grounded.
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2.10.5.5 A three-conductor flexible cord with ground shall be provided with conductor identification to
identify grounded and grounding conductors. A jacketed cord such as a SJT type shall have the grounding
conductor within the jacket colored green or green with a yellow stripe and the grounded conductor shall
be colored white or gray.

2.10.5.6 A component with no accessible dead-metal parts is not required to be provided with a supply
cord of the grounding type, when marked in accordance with 2.16.6.

2.10.5.7 When a two-conductor flexible cord is provided for connection to the source of supply and
polarity is required in accordance with 2.14.2, the conductors shall be connected to a polarized parallel-
blade attachment plug with the identified grounded conductor (neutral) connected to the wider blade. A
parallel cord such as Type SPT-2 shall have a stripe, ridge, or groove on the exterior of the cord surface of
the grounded|(neutral) conductor for identification.

2.10.5.8 A power supply cord shall be minimum 18 AWG (0.82 mm?).

2.10.5.9 The¢ power supply cord provided on a sign component designated ferydry locatiop only shall be
Type SP-2, Type SPE-2, Type SPT-2, or heavier. The power supply cord ona,sign compon¢nt designated
for damp or \vet locations, shall be of Type SO or harder usage anddesignated for outfloor use by a
surface marking "W" or "Water Resistant".

2.10.5.10 All detachable and non-detachable supply cords shallbé minimum 1.83 m (6 ft)[and maximum
4.57 m (15 ft)|in length. A non-detachable supply cord that is I€ss than 1.83 (6 ft) in length and no less than
0.33 m (1 ft) in length is acceptable when the sign componeént is designated only for use in wall-mounted
or hanging signs. The length shall be measured from, the point where the cord emerges|from the sign
component, gr after any strain-relief means provided, to the point where the cord enters an attachment

plug.

2.10.5.11 Strain and push-back relief shallxbe provided to reduce the risk of mechanical stress on the
power supply|cord from being transmitted-to terminals, splices, or interior wiring. The straip-relief means
shall be evaluated by the Strain Relief Fest; 3.4.1.3.

2.10.5.12 here a knot in a flexible power supply cord serves as strain relief, the surface(s) upon which
the knot contacts or bears shall not have burrs, fins, sharp edges, and projections that could damage the
insulation on @ cord.

2.10.5.13 Flexible supply cords shall be provided with a bushing at the point where th¢ cord passes
through an opening-in-a metal enclosure or through a non-rounded opening of a polymeric ¢nclosure. The

bushing shall[bersecured in place and have a smooth, rounded surface against which the cprd bears. The
bushing shalllbe:an inculm‘ing type ifthe caord.is T\J/pp S\/Tor Iighfpr

2.10.5.14 The attachment plug of a cord-connected sign component shall be rated for a 15- or 20-A
branch circuit. An attachment plug of a cord-connected sign component that supplies a neon circuit is
permitted to be rated 30 A maximum.

2.10.5.15 The ampacity of the attachment plug of a power supply cord shall not be less than 125% of the
input rating.
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211 Equipment grounding and bonding

2.11.1 Parts required to be grounded

2.11.1.1 A dead metal part not intended to be electrically live is required to be conductively connected to

ground in accordance with 2.11.1.4 unless the part is identified as not having a potential to become
inadvertently energized in accordance with 2.11.1.2 or parts identified in 2.11.1.3.

2.11.1.2 A dead metal part is not considered to have a potential to become inadvertently energized

when:

a) The dead metal part is within a compartment that contains an insulated or uninsulated live part

and th¢ insulated or uninsulated live part is located and reliably secured to provide

require]

b) The
materig

c) The

complig¢s with the Material Dielectric Voltage Withstand Test specified’in 3.2.2.16.

21113 The

a) Acc
switche

b) Dec

c) Dea
power

d) A de
ofane

21114 Con

ground or thrg
branch circuit

2.11.2 Provi

kion for.grounding

din 2.15.

dead metal part is separated from insulated and uninsulated live parts‘by a r
| at least 3.2-mm (0.125-in) thick.

dead metal part is separated from insulated and uninsulatedVive parts by 3

following parts are not required to be bonded to ground:

essible non-current-carrying metal parts of components (for example, lam
s) that are isolated from live parts;

brative parts, metal guards, and metal shades that do not enclose live parts; an

] metal parts that enclose insulated'or'uninsulated live parts that are connecte
source that complies with 2.12.64 and

ad metal part such as an.adhesive-attached metal foil marking plate secured
hclosure and mounting Hardware external to a sign component.

ductive connection\to ground shall be either through a direct connection to a
ugh bonding to a’point on the sign component that is capable of being cq
jround.

the spacings

gid insulating

material that

pholders and

da

d to a Class 2

to the outside

branch circuit
nnected to a

2.11.21 The

grounding means required in 2.11.1.1 shall be in the same location g

s the supply

connection means and shall consist of a grounding conductor lead, a terminal connector, a wire binding
screw, or the equivalent as specified in 2.11.3.1.

2.11.2.2 A grounding connection wire binding screw or stud, or grounding lead shall be provided with a
star washer or other fastening means that will penetrate a non-conductive coating such as paint.

2.11.2.3 A neutral (grounded conductor) shall not be connected to any grounding or bonding terminal or
lead in or on the surface of a sign component.

2.11.2.4 A grounding terminal or lead shall not be located on a removable part, unless the removal of the
part during user maintenance does not interrupt the bonding continuity.

2.11.2.5 A ground connection means including a grounding terminal and grounding lead securement

screw or termi

nal shall not be used for any other purpose.
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2.11.2.6 The continuity of the grounding and bonding system shall not rely on the dimensional stability of
thermoplastic material unless the material has been evaluated for mechanical strength, resistance to
impact, moisture absorptive properties, combustibility, resistance to arching, resistance to temperatures to
which the material is subject to under normal operating use, aging characteristics and those applicable
requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

2.11.3 Equipment grounding means
211.31

General

2.11.3.1.1 The point of connection by terminal or lead to the equipment grounding conductor shall be
within 152 mm_(6 _in) of the supply connection opening and unlikely to be removed during normal

maintenance

2.11.3.2 Ten

211321 A

and servicing.
minal

grounding terminal shall be a pressure wire terminal, wire binding screw @

stud. A pressuiire wire terminal shall be rated for the size and number of conductors and be s

wiring or com
comply with tf

2.11.3.22 A
a)Bel
b) Cor

c) Be
provid
captiv
requir
Test in

d) Ha
provid
captiv.
requir
Tests i

ply with the Pressure Wire Terminal Test in 3.4.1.5.1. A wire”binding screw
e requirements in this section.

wire binding screw or stud provided for grounding ‘shall:
mited to terminating a single size 10 AWG (5.3.mMm?) or smaller conductor.
nply with Table 2.9.

a machine or thread-cutting screw;and, or the area around the screw or
bd with two raised areas in_aecordance with Figure 2.6. Other means
tion are acceptable as a result of a separate evaluation and complying
ments in Solid-Wire Tightening Test in 3.4.1.5.2 and the Terminal Assembly ]
3.4.1.5.3.

e a cupped washeror similar provision, or the area around the screw or
bd with two raised areas in accordance with Figure 2.6. Other means
tion are aceeptable as a result of a separate evaluation and complying
ments in_Solid-Wire Tightening Tests in 3.4.1.5.2 and the Terminal Assembly
h 3.4.1.5:3:

r wire binding
Litable for field
and stud shall

stud shall be
of conductor
with the test
ferminal Block

stud shall be
of conductor
with the test
Terminal Block

Table 2.9
Ground screw size
Wire size
Screw size AWG (mm?)
M3.5-No. 6 14 (2.1)
M4 — No. 8 14 (2.1) or 12 (3.3)
M5 - No. 10 14 (2.1) or 10 (5.3)
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Figure 2.6

Terminal and conductor relationship

B

N

<
A

M861B

[02)

A — Wire-binding gcrew
B — Conductor
C —Baseplate
D — Maximum con{ductor diameter, but not less than 2 mm (0.08 in)

E — Minimum height of raised area shall be 1.0 mm (0.04 in)

F — The horizonta| dimension from the edge of the screwhead to the inside edge of the raised area = 0 to 1/4 D
G — The horizontdgl dimension from the center of the raised area to the edge of the screwhead = minimum 0.32 mm (P.125 in)
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2.11.3.2.3 Afield wiring grounding type wire binding screw or stud shall:

a) Comply with the Solid Wire Tightening Test in 3.4.1.5.2 and the Terminal Assembly Terminal
Block Testin 3.4.1.5.3.

b) Have a base plate with no fewer than two full threads of contact; and
1) Metal not less than 0.76-mm (0.030-in) thick; or

2) Metal less than 0.76-mm (0.030-in) thick when a tapped hole for a screw having 1.25
threads per mm (32 or more threads per in) is provided.

c¢) Provide a conductive path that complies with the Ground Continuity Test of 3.4.2.6.

2.11.3.2.4 Awire binding stud shall be provided with a hexagonal nut. The nut shall be gfeen in color or
the area adjag¢ent to the terminal shall be marked in accordance with 2.11.3.2.6.

2.11.3.2.5 A wire binding screw for the connection of a field installed equipment grounding conductor,
shall have a green colored head that is either hexagonal or round with a sletted or cross slptted (Phillips)
head.

2.11.3.2.6 A pressure wire terminal intended as connection of the.€quipment grounding donductor shall
be plainly ideptified as "G," "GR," "GND," "Ground," "Grounding,!"‘er the like, or may be miarked with the
symbol shown in Figure 2.7.

Figure2.7

Grounding symbol

2.11.3.3 Grounding lead

2.11.3.3.1 A grounding lead shall not be smaller than the gauge of the supply wires and no less than 18
AWG (0.82 mm?) when connected to a branch circuit supply.

2.11.3.3.2 Have no insulation or insulation that is green with or without one or more yellow stripes and no
other lead visible to an installer shall be so identified.
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2.11.3.3.3 A grounding lead shall have a free length of at least 15.2 cm (6 in). The free length is
measured from the point of entry of the lead into the wiring compartment or from a opening for the
connection of a permanent wiring system to the free end of the lead.

2.11.3.3.4 A grounding lead shall be provided with strain relief means such that the grounding lead
complies with the Strain Relief Test described in 3.4.1.3.

2.11.4 Grounding, cord-connected

2.11.4.1 A sign component having dead metal that is required to be grounded in accordance with 2.11.1
and provided with a flexible power supply cord shall have a flexible power supply cord of the grounding
type. A sigh component having no dead metal is not required to be provided with a grounding type flexible

power supply

2.11.4.2 The
frame or encld
lock washer.

2.11.4.3 The
an enclosure s
disconnected

that is not norn

211.44 Afle
conductor as
plug. The sug
having insulat
(neutral) cond

2.11.5 Bond

2.11.51
grounding tern
3.4.2.6.

2.11.5.2 Bon
connections, 1
AWG (2.1 mm

ng to an equipment grounding means

All parts of a sign component required to be grounded shall be conductivity con
hinal, lead, or pin of:an attachment plug and shall comply with the Ground Continuity Test in

cord when the component is marked in accordance with 2.16.6.

grounding conductor of the flexible cord shall be connected to dead metal p
sure of a sign component by means such as welding, soldering, a's¢rew or

means to secure the grounding conductor shall not serve any-other function, s

Huring servicing. The means to secure the grounding\conductor shall be locz
hally removed for servicing.

xible cord used for supply connection required\to be provided with an equipm
specified in 2.11.4.1 shall be connected:toa parallel-blade, 3-wire groundir
ply cord shall have one conductor identified as the equipment grounding
on colored green or green with a yellow'stripe and one conductor identified as
Lictor by having insulation colored white or gray.

vets, bolts; soldering, or welding; or by a separate bonding conductor not sn

).

T

arts within the
stud, nut, and

uch as that of

ecurement screw unless the securement means is completely potted such that it cannot be

ted on a part

bnt-grounding
g attachment
conductor by
the grounded

nected to the

ding shallhbe accomplished by positive metal-to-metal contact of parts slich as screw

naller than 14

21153 Ab

ndmg conductorstattbeof topperorcopper attoy.

2.12 Current-carrying parts

2.12.1 Gene

21211

ral

similar metal other than aluminum.

2121.2 Ord

inary iron or steel shall not be used as a current-carrying part.

A current-carrying conductor shall be of silver, copper, a copper alloy, stainless steel, or other


https://ulnorm.com/api/?name=UL 879 2022.pdf

APRIL 22, 2022 UL 879 41

2.12.2 Internal wiring

212.2.1 A conductor shall have insulation rated for the voltage, temperature, and condition of service to
which it will be subjected under conditions of intended use.

2.12.2.2 Conductors within an enclosure, compartment, raceway, or the like shall be located or protected
to prevent contact with any sharp edge, burr, fin, or the like that can damage the conductor insulation.

2.12.2.3 An opening through which insulated conductors pass in a sheet metal wall within the overall
enclosure shall have an edge provided with smooth, rounded surfaces upon which the wires may bear, to
prevent abrasion of the insulation. An opening is permitted to be made smooth and rounded by:

a) Proyiding a bushing or grommet in the sheet metal opening; or
b) Rolling the sheet metal edge of the opening 120° or more; or

c) Theledge of sheet metal is made to be thicker than 1.07 mm (0.04 in),
2.12.3 Wirep and cords rated 1000 V and less

2.12.3.1 Other than as specified in 2.12.3.2, conductors shall be minimum 18 AWG (0.82 mm?) of copper
and provided| with insulation and have insulation rated for the-voltage, temperature, and condition of
service to which it is subjected to under conditions of intended usé in accordance with Table 2.10.

Table 2:10
National Eleftrical Code usage and conductor temperature ratings for flexible cords, puilding wire

and fixture wire

Rating rms Temperature
Location Usage Description Type Volts °C (°F) Notes
Dry Equipment FEPW 600 75 (167)
wire

PFAH 600 250 (482)
RH 600 75 (167)
RHH 600 90 (194)
T 600 60 (140)
TFE 600 250 (482)
THHN 600 90 (194)
THHW 600 90 (194)
z 600 90 (194)

W 600 90 (194) 2
Dry Not hard Flexible cord C 300 60 (140)

usage
PD 300 60 (140)
Dry or damp Equipment FFH-1 300 75 (167)
wire

FFH-2 600 75 (167)
KF-2 600 200 (392)
KFF-1 300 200 (392)

Table 2.10 Continued on Next Page


https://ulnorm.com/api/?name=UL 879 2022.pdf

42

UL 879

APRIL 22, 2022

Table 2.10 Continued

Rating rms Temperature
Location Usage Description Type Volts °C (°F) Notes
KFF-2 600 200 (392)
HF 600 150 (302)
HF-1 300 200 (392)
HFF 600 150 (302) 1
PAF1 600 250 (482)
PAFF 600 150 (302) 1
PF 600 200 392y 1
PFF 600 150 (302) 1
PGF 600 200 392)
PGFF 600 150 (302)
PTF 600 250 (482)
PTFF 600 150 (302)
RFH-1 300 75 (167)
RFH-2 600 75 (167)
RFHH-2 600 90 (194) 2
RHH 600, 90 (194) 2
RHH-3 600 90 (194) 2
SF-1 300 200 (392)
SF-2 600 200 (392)
SFF-1 300 150 (302)
SFE-2 600 150 (302)
TF 600 60 (140)
TFF 600 60 (140)
THHN 600 90 (194) 2
XHHW 600 90 (194) 2
WF 300 150 (302)
WFF 300 150 (302)
z 600 90 (194) 2
ZF 600 150 (302)
2 666 156 {362}
ZHF 600 200 (392)
ZW 600 90 (194) 2
Dry or damp Not hard Flexible cord HPW 300 90 (194) 2
usage
Extra hard
usage
600 60 (140)
600 75 (167) 1
SE 600 60 (140)
SE 600 75 (167) 1

Table 2.10 Continued on Next Page
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Table 2.10 Continued

Rating rms Temperature
Location Usage Description Type Volts °C (°F) Notes
Hard usage SJ 300 75 (167) 1
SJE 300 60 (140) 1
SJO 300 60 (140)
SJOO 300 60 (140)
SJOO 300 75 (167) 1
SJT 300 60 (140)
SH 366 75 67 1
SJT 300 90 (194) 1,2
SJT 300 105 (22%) 1,2
SJTO 300 60 (140)
SJTOO 300 60 (140)
SPE-2 300 60 (140)
SPE-2 300 75 (167) 1
SPE-2 300 90 (194) 1,2
SPE-2 300 105 (221) 1,2
SO 600 60 (140)
SO 600 75 (167) 1
SO 600 90 (194) 1,2
SO0 600 60 (140)
SO0 600 75 (167) 1
SO0 600 90 (194)
Not hard SPT-2 300 60 (140)
usage
SPT-2 300 75 (167) 1,2
SPT-2 300 90 (194) 1,2
Extra hard ST 600 60 (140)
usage
ST 600 75 (167)
ST 600 90 (194)
ST 600 105 (221)
STO 600 60 (140)
STOO 600 60 (140)
Not hard SV 300 60 (140)
usage
SVE 300 60 (140)
SVO 300 60 (140)
SVO 300 90 (194) 1,2
SVOO 300 90 (194)
STSVOO 300 60 (140) 1,2
SVT 300 75 (167)

Table 2.10 Continued on Next Page
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Table 2.10 Continued

Temperature
L Rating rms
Location Usage Description Type Volts °C (°F) Notes
SVT 300 90 (194) 1
SVT 300 105 (221) 1,2
SVT 300 60 (140) 1,2
SVTO 300 60 (140)
SVTOO 300 60 (140)
Dry, damp or Wire RHW 600 75 (167)
wet
RUW 600 60 (140)
THW 600 75 (167)
YHWN 600 75 (167)
™ 600 60 (140)
XHHW 600 75 (167)
W 600 75 (167)
Dry, damp or Same as Flexible cord | Any if marked | As marked on As marked on cord 2,3
wet specified for as specified in cord
cord type note 3
under dry or
damp
Notes:

1) The insulationftemperature rating is marked on the surface of the flexible cord.

2) See 2.12.3.5 for increasing the insulation temperature rating using sleeving.

3) Flexible cord that is suitable for use in a wet location is surfaced marked with "W" or "Water Resistant".

2.12.3.2 Corlductors of a size smaller:than 18 AWG (0.82 mm?), but not smaller than 24 AWG (0.21
mm?), may be|used under the following.conditions:

a) Whdre they are completely enclosed;
b) Whgre they are not subject to movement under normal use; and
c¢) In thg secondary of a transformer other than a neon transformer or neon power supply; or

d) In a fircuit'using solid-state devices.

2.12.3.3 A conductor or cord that can be flexed because of an adjustable, movable, or flexible part of a
component shall be of the stranded type and shall be secured so it will not be cut or abraded under
conditions of intended use, including relamping, servicing, and inspection of supply connections.

2.12.3.4 In a component construction that allows the conductor or cord to be pushed back into the
component, the temperature rating of the conductor or cord shall be suitable for the operating temperature
of any component it may contact.

2.12.3.5 An insulated conductor, including each insulated conductor of a cord, that is rated for 90°C
(194°F), 105°C (221°F), or 125°C (257°F) shall be considered as rated for 150°C (302°F) if each
conductor is individually provided with supplemental insulation consisting of snugly fitting woven glass
fiber sleeving having at least a 0.25-mm (0.010-in) wall thickness, two layers of glass fiber tape that
complies with a total thickness of at least 0.25 mm (0.010 in).
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2.12.3.6 An insulated wire connector shall have a voltage rating at least as high as the voltage applied to
the conductor.

2.12.3.7 An insulated wire connector having a voltage rating less than required for the application may
be used if the splice, including the connector, is additionally covered with insulation rated for the voltage
difference between the required voltage and the rated voltage of the connector. See Table 2.11.

Table 2.11

Appliance wiring material insulation type, voltage, and temperature ratings

insulation; or

surface of the insulation.

3) Durable and legible indelible ink priating (or legible indent printing) in words in degrees Celsi

Minimum thickness of insulation
300V 600V
With added With addeq impregnated
impregnated braid braid orinyloh cover [min 0.1
Without braid cover Without braid mm (¢.004 in)]
Type of - - - -
insulation mm (in) mm (in) mm (in) mm (in)
Thermoplastic 0.33 (0.013) 0.33 (0.013) 0.69 (0.012) 0.38 (0.015)
Thermoset 0.33 (0.013) 0.33 (0.013) 0.69 (0.027) 0.69 (0.027)
Rubber 0.69 (0.027) 0.33 (0.013) 1.02 (0:040) 0.69 (0.027)
Neoprene 0.69 (0.027) 0.33 (0.013) 1.07 (0.042) 0.69 (0.027)
Silicon rubber - - 0.33 (0.013) < - 0.69 (0.027)
Fluoro-plastical 0.30 (0.012) - - 0.46 (0.018) - -
NOTE - The temperature marking of appliance-wiring material or miscellaneous wire consists of:
1) Colored threads;
2) Durable, continuous (unbroken), straight;dongitudinal stripes printed in indelible ink on the syrface of the

s on (or in) the

The number and
(221°F); one blu|

required), the st

stripe or thread |r

ipe or thread is green,

color of the threads or stripes@resone green for 75°C (167°F); one red for 90°C (194°F); one yell
e for 125°C (257°F); one brownfor 150°C (302°F); one black for 200°C (392°F); two black for 250
used to identify the temperature marking of an 80°C (176°F) thermoplastic-insulated wire (the id4

bw for 105°C
C (482°F). If a
ntification is not

2 Polytetrafluoro

ethylene or fluorinated €thylene propylene.

2.12.4 Wirep and cords rated 1,000 V and less

21241 AW

iresfor circuits of 1,000 V and higher shall be GTO cable rated minimum 105°

C (221°F) and

5,000, 10,00

or R,ﬂﬂﬂ \L

2.12.4.2 Only one GTO cable is permitted in a single fitting or compartment where spacings, as defined
in Table 2.20 are not maintained.

2.12.4.3 The wire bending radius of a GTO Cable carrying over 1,000 V shall not be less than 19 mm
(0.75in) for 5 kV, 25 mm (1 in) for 10 kV, and 31 mm (1.25 in) for 15 kV.

2.12.5 Spring contact

2.12.51

a) Primarily copper with tin (phosphor/bronze),

A spring contact shall comply with 2.12.5.2 and be either:

b) Primarily of copper with beryllium (beryllium/copper),
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¢) Monel, which is primarily copper with nickel and other elements in trace amounts, or
d) Other conducting material shown to possess spring characteristics.

2.12.5.2 A spring contact shall have material and dimensional characteristics that comply with the

Spring Contact Elongation and Compression Test specified in 3.4.1.17.

2.12.6 Secondary circuits

2.12.6.1 Accessibility and enclosure of secondary components

2.12.6.1.1

A current carrying part located in a circuit from a source of supply having a maximum open

circuit voltage
Class 2 circu
enclosure and

a) 30 \

b) 15

212612 A
circuit voltage
voltage and e
requirements i

212613 A
15 Vac, 21.2
specified as i
requirements
electrical requ

212614 A
the voltage an

of no greater than the following in (a) or (b), under the conditions specified
ts, and exceeds the energy limitations specified in 2.12.6.1, is requirédtq
electrical current requirements in this standard.

rms and 42.4 Vpeak in dry and damp locations, or

rms and 21.2 Vpeak in wet contact locations.

current carrying part located in a circuit having a sour€e of supply having a m
of 15 Vac, 21.2 Vpeak and energy limited under-the conditions specified i
hergy limited circuits is not required to comply .with enclosure, accessibility,
h this standard.

current carrying part located in a circuit with'a maximum open circuit voltage ¢
Vpeak and no greater than 30 Vac, 42:4 Vpeak and energy limited under
h 2.12.6.3 for voltage and energy limited circuits is required to comply wit
when designated for use in wet locations and is not required to comply with
rements.

current carrying part located in a circuit derived from having a source of sup
d/or current of the circuit such that the output from a voltage and energy lim

longer complig¢s with the voltageand energy limitation requirements in 2.12.6.3, shall co

applicable eng

2126.15 A

losure, accessibility and electrical requirements.

current_carrying part connected to a voltage and energy limited circuit and

same compariment as.a current carrying part that does not comply with the voltage and ene

in2.12.6.1.2 s

hall.comply with one of the following conditions:

n 2.12.6.1 for
comply with

aximum open
n 2.12.6.3 for
and electrical

f greater than
e conditions
accessibility

ih
nclosure and

ply that alters
ited circuit no
mply with the

ocated in the
rgy limitations

a) Conm

pty withrthespacing Tequirermentsim2-15;

b) Be provided with a grounded metal barrier between the two current carrying parts with each part
secured in a manner that maintains them on opposite sides of the barrier; or

c) The current carrying parts in each circuit are provided with insulation rated for the highest
voltage of both circuits.

2.12.6.2 Secondary circuit greater than 30 V

212.6.21

A current carrying part located in a circuit having a source of supply with a maximum open

circuit voltage greater than 30 Vrms and 42.4 Vpeak and energy levels in excess of the limitations
specified for Class 2 in 2.12.6.1, is required to comply with all of the enclosure, accessibility, and electrical
requirements in this standard.
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2.12.6.2.2 A current carrying part located in a circuit having a source of supply that is energy limited in
accordance with 2.12.6.1 and Table 2.12 and Table 2.13, that has an open circuit voltage in excess of 30
Vrms or 42.4 Vpeak is required to comply with accessibility and other electrical voltage requirements in

this standard.

212,6.3 Cla

2.12.6.3.1

ss 2 and Class 3, voltage and power limited supply source

For a supply source to be identified as Class 2 or Class 3, each circuit from a source shall

comply with the voltage, current and volt-ampere limitations specified Table 2.12 or Table 2.13 and comply
with 2.12.6.3.2 — 2.12.6.3.5 and the test requirements in 3.4.2.13.

212.6.3.2 A Class 2 and Class 3 circuit shall be defined as either_inherently limited or non-inherently

limited.

2.12.6.3.3 A
from its suppl
source and a
supply sourcg

2126.34 A
and its input s
equal to or les

2.12.6.3.5 T
Class 3 supp
output(s), be
ac and dc see
wet contact (V
Table 2.12. Vi
not likely to oq

Class 2 and Class 3 ac power source shall have no conductive connection 3
y source. Isolation is to be by isolating transformer either at the input.or outpu
| feedback circuits that are conductively connected to the output-shall be isg
by isolating components such as isolating transformers and aptical isolators.

Class 2 dc power source is permitted to have a conductive connection betw
upply when its source of supply is from a dc sourceshaving a maximum open
s than that required of the Class 2 source as specified’in 2.12.6.3.5.

he maximum output voltage of an inherently~limited or non-inherently limit
ly source shall not, under any load condition (including no load) between t
Mmore than the voltages specified in Table 2.12 and Table 2.13. For Class 2 ¢
Figure 2.8 maximum voltage. Voltage,ranges are for sinusoidal ac in dry locq
vet locations) is not likely to occur. or nonsinusoidal or wet contact conditiong
bltages ranges are for continuous’dc in dry locations or where wet contact (w
cur. For interrupted dc or wet.contact conditions, see note 2 of Table 2.13.

nd be isolated

t of the supply

lated from the

een its output
circuit voltage

ed Class 2 or
he designated
bmbinations of

tions or where
, see note 2 of

bt locations) is

Table 2.12
Class 2 and-€lass 3 alternating-current power source limitations
Inherently limited power source Not inherently limited power source
(overcurrent protection not required) (overcurrent protection fequired)

Power source Class 2 Class 3 Class 2 Class 3
Source voltage Y nax 0-20 Over20— | Over30—- | Over30- 0-20 Over20 - | Over3p— | Over 100 —
(volts)"? 30 150 100 30 100 150
Power limitations VA ax - - - - 250% 250 250 N/A
(volt-amperes)"
Current limitations | . 8.0 8.0 0.005 150/Vimax | 1000/Viayx | 1000/Viax | 1000/V pax 1.0
(amperes)"
Maximum overcurrent - - - - 5.0 100/V max | 100/V ax 1.0
protection (amperes)
Power VA (volt- 5.0 X Vax 100 0.005 x 100 5.0 X Vpnax 100 100 100
source amperes) Vimax
nmaamxg?)f;?e Current 5.0 100V, | 0.005 | 100V, 5.0 100Ny | 100N,y | 100/,
rating (amperes)
DV jaxo Imaxe @Nd VA, are determined with the current-limiting impedance in the circuit (not bypassed) as follows:

Table 2.12 Continued on Next Page
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Table 2.12 Continued

Inherently limited power source
(overcurrent protection not required)

Not inherently limited power source
(overcurrent protection required)

Power source

Class 2 | Class 3

Class 2 Class 3

Vmax: Maximum output voltage regardless of load with rated input applied.

Imax: Maximum output current under any non-capacitive load, including short circuit, and with overcurrent protection
bypassed if used. Where a transformer limits the output current, |5, limits apply after one minute of operation. Where
a current-limiting impedance is used in combination with a nonpower-limited transformer or a stored energy source,
e.g., storage battery, to limit the output current, |5, limits apply after five seconds.

VA ax: Maximum volt-ampere output after one minute of operation regardless of load and overcurrent protection
bypassed if used. Current limiting impedance shall not be bypassed when determining I, and VA ax-

2) For nonsinusoi ——

Class 3 wiring m¢thods shall be used or V,,,, shall not be

%) If the power sofirce is a transformer, VA is 350 or less when Vi, is 15 or less.

greater than 15 V for sinusoidal ac and 21.2 Vpeak fof nopsinusoidal ac.

ikely to occur,
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Table 2.13
Class 2 and Class 3 direct-current power source limitations

Inherently limited power source (overcurrent protection not

Not inherently limited power source (overcurrent

required) protection required)
Power source Class 2 Class 3 Class)2 Class 3

Source voltage Vpa (volts) P2 o}-20 Over 20 - 30 Over 30 - 60 Over 60— | Over 60 — 100 0-20 Over20-60 | Over 60— Over 100 —

150 100 150
Power limitations VA4 (volt- - - - - - 250% 250 250 Not applicable
amperes)"
Current limitations |, (amperes)" B.0 8.0 150/V max 0.005 150/V max 1000/V ax 11000/V ax 1000/V ax 1.0
Maximum overcurrent protection - - - - - 5.0 00/Vnax 100/V nax 1.0
(amperes)
Power source | VA (volt-amperes) | 5.0% Vax 100 100 0.005 % Vax 100 5.0 X nax 100 100 100
nmaaé'g;f:t"e Current (amperes 5.0 100/V; 0 100/V; 0 0.005 100/V, 5.0 00V, 100V 0 100/V; 0
rating

DV maxo Imaxs and VA are determined wit
Viax: Maximum output v

Imax: Maximum output cu
output current, |, limits|
stored energy source, e.

VAnax: Maximum volt-amn
not be bypassed when d

2) For dc interrupted at a rate of 10 to 200
used or V. shall not be greater than 30

3) If the power source is a transformer, VA

ax IS 350 or less when-Vyay is 15 or less.

ltage regardless of load with rated input applied.

h the current-limiting impedance in the circuit (not bypassed) as follows:

rent under any non-capacitive load, including shott circuit, and with overcurrent protection bypass|
apply after one minute of operation. Where.a\current-limiting impedance is used in combination wi
., storage battery, to limit the output current, |,,.« limits apply after five seconds.

pere output after one minute of operation regardless of load and overcurrent protection bypassed
btermining lyax and VA ax-

Hz, Vhax shall not be greater than/24.8 Vpeak. Where wet contact (immersion not included) is likely
for continuous dc; 12.4 \ipeak for dc that is interrupted at a rate of 10 to 200 Hz.

ed if used. Where a transformer limits the
th a nonpower-limited transformer or a

f used. Current limiting impedance shall

to occur, Class 3 wiring methods shall be
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Figure 2.8

Maximum Voltage for a Class 2 Source having both AC and DC Components

2.13 Insulat
2.13.1 Mater
live parts shal
Table 2.14 or
in 3.2.2.16 ang
a)Am
3.2.2.3
b)Am
Curren

X

O

(<))

[oR

L B0 m 2

© I

> I

~ 507 |

s |

x 428 [ CACDC=424 |

< | 0<DC<20.9 |
I I

£ 30t | AC+DC=33+0.45DC |

S | 20.9<DC<60 '
I I

e 207 | I

‘© | [

& 04 | |
I

g | |

© | I| | | | !

0 T M>0.9 ! T T 1
10 20 30 40 50 60

Direct Voltaged!Component (DC), Volts
SM363

ng materials

ial that is not an integral part-of a component and is within 0.8 mm (0.032 in)

be of non-absorptive, . nencombustible material such as porcelain, phenolic ¢
Another material thaticomplies with the Material Dielectric Voltage Withstand
has:

or the Glew=Wire End Product Test of 3.2.2.4, and

nimunrhot-current arc resistance to ignition rating (HAI) of 15 arcs, or comply
L Arc”Ignition (HAI) Test specified in 3.2.2.5 or the End Product Arc Re

bf uninsulated
omplying with
Test specified

nimum hot:wire ignition rating (HWI) of 15 s, or comply with the Hot-Wire Ignition Test of

with the High
sistance Test

specified3-2-2-6:

2.13.2 Ordinary vulcanized fiber may be used for insulating bushings, separators and barriers, but not as
the sole support for uninsulated live parts.
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1. The spacingg
2.21 for spacing
installed or to wj

2. The spacing
(0.25in), and th
6.4 mm (0.25in|
mm (0.5 in) for
secondary lead

3. Unglazed an
or uninsulated)

4. When glass t

Table 2.14
Minimum thickness of insulating materials
Minimum thickness of barrier Damp and wet
location sign Dry location sign
Material mm (in) components components only
Fiber 0.8 (1/32) No See Note 1
Phenolic composition 0.8 (1/32) No See Note 2
Cold-molded composition 0.8 (1/32) No Yes
Porcelain
Glazed 3.2 (1/8) Yes Yes
Unglaze 32 48y Onty-astobeson Yes
insulated wires
Mica 0.8 (1/32) Yes Yes
Glass 3.2 (1/32) Yes Yes
Notes:

to fiber from secondary parts (insulated and uninsulated) must comply with these specified in Tab
s between primary and secondary parts with no risk of contact between the'fiber and a secondary
hich a connection is made in the field.

over-surface or through-air) to the barrier or liner from an insulated s€condary part must not be leg
e spacing (over-surface or through-air) to the barrier or liner from &n‘uninsulated secondary part i

econdary potentials of 10,001 — 15,000 V. There is to be no Centact between the phenolic compo!
that is installed or to which a connection is made in the field,

cold molded composition is acceptable in dry locationsonly when not in contact with secondary (g
hnd inaccessible to contact by a secondary lead that.is to be installed or to which a connection is nj

Libing is used, it shall be of double thickness, 2,5-mm (0.1-in) thick, and shall be securely fastened

not less than
for secondary potentials of 0 — 5,000 V, 9.5 mm (0.375 in) for secondary potentials of 5,001 — 10}00 V,or12.7

e 2.18 — Table
lead that is

s than 6.4 mm

ition and a

arts (insulated
ade in the field.

in place.

2.14 Electri
2.141

2.14.1.1 El¢
that would be

21412 An
amperage it w

cal components

Gengeral

ctrical componentsishall have a rms voltage rating at least equal to the ma
applied.

electricallcomponent shall have a rms Ampere rating at least equal to the
ould be subjected to in normal use.

imum voltage

maximum rms

21413 Aqg

lomponent such as a switch, a fuseholder, a receptacle, and the like that durirp

g use is likely

to rotate is to be mounted securely and shall be prevented from turning by means other than friction
between surfaces.

2.14.2 Circuit interrupting devices

2.14.21

the like, shall have a voltage rating equal to or in excess of its supply voltage and:

A circuit interrupting device such as a switch, flasher, controller, sign animating equipment and

a) A current rating greater than the total current drawn by the load, and when making and breaking
an inductive or tungsten load, be "L," or "AC General Use" rated for an AC circuit and "T," rated for
a DC circuit; or

b) A current rating exceeding the load by the multiplying factor in Table 2.15 when making or
breaking the circuit; or
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c) Comply with the circuit interrupting overload and endurance test in Circuit Interrupting Devices
Tests in 3.4.2.11 when making and breaking an inductive or tungsten load.

2.14.2.2 A switch or overcurrent-protective device of the single-pole type shall be located only in the
ungrounded conductor of the source of supply.

2.14.2.3 A single pole switch shall not be connected in the grounded (neutral) circuit.

2.14.2.4 A switch marked with an Off position and intended to function as a disconnect switch in a sign,
shall when in the Off position, disconnect the supply source by causing an air gap between opposing
contacts in a circuit.

2.14.2.5 A circuit breaker or supplementary protector provided in a component and in aveftical position,
the down position shall be the off position.

Table 2.15
Switch derating factors
Switch type
AC general use AC ampere rated AC/DC ampere
Switching loaf ac only "L" rated ac only "T" rated aé/de only rated

Transformer and 1 1 1 2 2
ballast

Tungsten filament 1 1 1 3 3
Receptacle 1 1 1 3 3
Notes:

1. An AC generd| use switch is typically a wall type switch,normally used in a building and mounted to outlet boxes|An AC general
use switch is alsp of the through cord type used on powér'supply cord connected products.

2. A switch, othef than the AC general use type, that has been investigated for the control of inductive loads is marked with the
letter "L" in conjynction with the current rating atwhich the inductive rating applies' for example, "1 A, 125V, L".

3. A switch that hhas been investigated for the'control of tungsten loads, is marked with the letter "T" in conjunction With the dc
current rating at pvhich the tungsten rating.applies. A tungsten load is primarily an incandescent light source.

4. Switches withfan AC, AC and DC-or'DC current rating with no "L", "T", or "AC General Use" marking are typically special use
switches intenddd for resistive loadss

2.14.3 Overg¢urrent(protective devices

2.14.3.1 Where a‘fuse is provided, it shall be mounted in a fuseholder of the proper type and rating or be
soldered by pigtail style Teads direcily 10 a printed wiring board or be mounied using surface mount
technology (SMT).

2.14.3.2 Unless a fuse within a component is made to be inaccessible, a fuse identification and ampere
rating shall be marked on or adjacent to the fuse and fuseholder as specified in 2.16.7.

2.14.3.3 An over-current protective device shall not be connected in the grounded (neutral) conductor
unless the device simultaneously interrupts the grounded and ungrounded supply conductors.

2.14.3.4 A supplementary protector or circuit breaker connected in the supply circuit with more than one
ungrounded conductor shall open all ungrounded conductors.
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2.14.4 Thermal protective devices

214.41 A thermal protective device relied on to comply with the performance requirements of this
standard shall:

a) Comply with the requirements of other appropriate standards listed in Appendix A of this
standard as appropriate for the type of thermal protective device used,

b) Comply with the Circuit Interrupting Devices Tests specified in 3.4.2.11, and

c) Be located where it is capable of being either mechanically secured or physically trapped so as

to be subject to consistent heat sensing.

2.14.5 Ther|

2.14.51
(NTC) resista
maximum te

the requirem
Calibration ClI

mistors

A thermistor, Positive Temperature Coefficient (PTC) or Negative Temperatd

nce, provided to limit the output of a unit to within the required current-or power
perature requirements or otherwise used to obtain acceptable test results sh
nts of other appropriate standards listed in Appendix A of this”standard an
ass of C1 or C2.

2.14.6 Printed wiring boards

21461 Un
flammability r.

2146.2 Ap
Class 2 voltag

2.146.3 Ap
minimum flam

21464 A
displaced by
device. A con
surface moun

21465 A
requirements

ess permitted by 2.14.6.2 or 2.14.6.3, a printed wiring board shall havj
bting of V-2, V-1, V-0, or 5VA.

rinted wiring board containing circuitry-that is derived from and continues to ¢
e and energy limitations shall have aiminimum flammability rating of HB.

rinted wiring board containingcircuitry that is encapsulated in a potting materi
mability rating of HB.

omponent that is mounted on a printed wiring board shall be secured so th
a force likely to pe‘exerted on it during assembly, intended operation, or s
nponent of a printed-wiring assembly that is covered by potting compound o

conformal’ coating on a printed wiring board shall comply with the con
specified in the Standard for Polymeric Materials — Use in Electrical Equipme

UL 746C, or;

re Coefficient
levels, or with
hll comply with
l shall have a

e a minimum

bmply with the

al shall have a

ht it cannot be
prvicing of the
is secured by

t technology.(SMT) is determined as having the required mechanical securement.

formal-coating
nt Evaluations,

a) Be at least 0.4-mm (1/64-in) thick; and

b) Comply with the requirements in 3.4.1.14.1 and 3.4.1.14.2.

2.14.7 Motor

2.14.7.1 A motor, other than a motor powered from a Class 2 source, shall be protected from overheating
due to overload and locked-rotor conditions by either impedance protection or a form of over current or
thermal protection that complies with the requirements for the device type with a calibrated opening
current or temperature.
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2.14.8 Capacitors

2.14.81

shall comply with the requirements for across the line type devices.

A capacitor connected across the input supply line for electromagnetic interference suppression

2.14.8.2 A capacitor, other than the type specified in 2.14.8.1 and 2.14.8.3, shall be rated for the
appropriate voltage and the maximum available fault current (AFC) to which it may be subjected, as

follows:
a)Ava

b) Ava

lue of 10,000 A minimum when connected directly across the branch circuit;

lue of 200 A minimum when connected in series with a ballast coil; or

c) The|
determ

21483 Ad
a maximum av

maximum current available to the capacitor under capacitor short-circuit
ned by investigation.

'y metalized-film type capacitor operating at a maximum of 330 V_is, not be reg
ailable fault current rating.

2.14.8.4 A component incorporating a capacitor with terminals that are accessible shall:

a) Hav

b) Pro
accord

2.14.8.5 The
circuit that is n

2.14.8.6 The
50Vorless, a

where:
Jis the

Cis the

b a maximum rating of 0.06 F and a maximum operating‘potential of 500 Vpeak

vide means to discharge the capacitor within 1 min after removal of the capac
Ance with 2.14.8.51t0 2.14.8.7.

means to discharge the capacitor may consist of a bleeder resistor or a clos
ot opened by lamp removal or operation' of a switch, fuse, or similar device.

voltage across the capacitor terminals at the end of 1 minute shall be reduce
nd the energy stored shall beless than 20 J, as determined by the equation:

J=5x10"cy?

energy stored in joules;

capacitor rating in microfarads; and

condition, as

uired to have

, or

tor voltage, in

ed loop of the

i to a value of

Visth

2.14.8.7 The

where:

canacitor peak voltage in volts
L L 7 -
maximum value of a bleeder resistor shall be determined by the equation:

RxK/C

R is the resistance value in MQ;

K is the resistor factor determined from Table 2.16; and

C is the capacitor rating in uF.
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Table 2.16
Bleeder resistor factor (K)

Capacitor voltage

RMS V Peak V Factor (K)

0-70 0-100 85
71-78 101 -110 76
79-85 111-120 70

86 — 92 121-130 63

93 -99 131-140 55
100 — 106 141 -150 54
U7 =120 1oT—=17U oU
H21 — 141 171-200 4d
142 — 169 201 -240 39
170 — 197 241 - 280 35
198 — 230 281 -325 32
P31 - 265 326 - 375 30
P66 — 318 376 — 450 27
319 — 353 451 - 500 26
354 — 495 501 — 700 23
196 — 707 701 - 1000 19

Note — For a trapsformer type ballast, the voltage value to be applied from this\table is the rms voltage rating of thg capacitor as
specified on thelballast.

2.14.8.8 Anjoil-filled capacitor shall be provided with~an expansion spacing between any other part of the
sigh compongnt and the capacitor terminals in aceérdance with 2.14.8.9, unless marked otherwise on the
capacitor.

2.14.8.9 The minimum expansion spacing perpendicular to the capacitor terminal shall be:
a) 11 mm (0.44 in) for a maximum of 300 V; or

b) 13 (hm (0.50 in) for,a‘valtage more than 300 V.

2.14.9 Power sources

21491 A powerssource for LED units shall comply with the requirements of other appropfiate standards
or comply with applicable requirements in 4.18.

2.14.9.2 A power source shall be required to operate at its rated input and output ratings.
21410 Transformers

2.14.10.1 A transformer shall comply with the requirements of other appropriate standards listed in
Appendix A of this standard.

2.15 Spacings
2.15.1 Unless otherwise permitted in 2.15.2, the minimum spacings between uninsulated live parts of

opposite polarity, between an uninsulated live part and a grounded dead-metal part, and between an
uninsulated live part and an accessible dead-metal part shall be as follows:

a) Field wiring terminals, dry, damp or wet location use — see Table 2.17;
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b) Live parts not including field wiring terminals:

1) Spacings — For damp or wet location use, see Table 2.18, and

2) Spacings — For dry location use only, see Table 2.19.

c) Spacings are not required for the components and circuitry as specified in 2.15.2.

2.15.2 The requirements of 2.15.1 are not applicable to the following components and circuitry:

a) Parts encapsulated in a potting compound,

b) The inherent spacings of discrete components,

c) Circullitry operating within Class 2 limits,

d) Spa

e) Spa

Safety

f) Spad
to com
printed
Wiring

Lings between traces on a printed-wiring board when:

1) The printed-wiring board has a flammability rating of V-0 and complies with

Tests in 3.4.2.7, and

2) The spacings are not between the printed-wiring boafd traces and dead-

between primary and secondary traces,

Cings in circuitry involving other than field-wiring-terminals and live parts to acg
metal @re not prohibited from being evaluated to theJspacing requirements in the
for Insulation Coordination Including Clearances and Creepage Distances
Equipnpent, UL 840, as amended in 2.15.4, in lieu of the spacings in Table 2.17 — Tabl

ings on a printed-wiring board assembly provided with a conformal coating ar
ply with Table 2.18 — Table 2.19 when the spacings comply with Table 2.

Lwiring board assembly is coated-and the coating complies with the requireme

Boards with Conformal Coatings, 2.14.6.5.

Table 2.17

Spacings at field wiring terminals

the Abnormal

metal parts or

essible dead-
Standard for
for Electrical
e 2.18,

b not required
PO before the
hts for Printed

Minimum-through-air and over-
surface 'spacings between live

Minimum spacings between live parts of opposite polarity

Voltage range and dead-metal parts Through air Over sulface
v mm (in) mm (in) mm (in)
0-125 [ W) (1/4) 32 (1/4) 6.4 (1/4)
126 — 300 6.4 (1/4) 6.4 (1/4) 9.5 (318)
301 -600 9.5 (3/8) 9.5 (3/18) 12.7 (1/2)
Table 2.18

Spacings, damp and wet locations, live parts and terminals other than field wiring terminals

Through-air spacing

(in)

Over-surface spacing

(in)

Voltage range mm mm
0-15 3.2 (0.126) 6.4 (0.252)
16-30 3.2 (0.126) 6.4 (0.252)

Table 2.18 Continued on Next Page
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Table 2.18 Continued

Through-air spacing Over-surface spacing
Voltage range mm (in) mm (in)
31-50 3.2 (0.126) 6.4 (0.252)
51-100 3.2 (0.126) 6.4 (0.252)
101 -150 3.2 (0.126) 6.4 (0.252)
151-170 6.4 (0.252) 9.5 (0.375)
171 -250 6.4 (0.252) 9.5 (0.375)
251-300 9.5 (0.375) 12.7 (0.50)
301 -60p 95 (6-375) 194 (0.75)
601-1,000 9.5 (0.375) 19.1 (0.75)
1,001 — 2,300 19.1 (0.75) 25.4 (1.00)
2,501 -5,900 254 (1.00) 25.4 (1.00)
5,001 -10,p00 38.1 (1.50) 38.1 (1.50)
10,001 — 15{000 38.1 (1.50) 50.8 (2.00)
Table 2.19
Spacings,|dry locations only, live parts, other than field wiring branch circuit supply terminals
Through-air Over-surface
Voltage range mm (in) mm (in)
0-15 1.27 (0:05) 1.27 (0.05)
16 — 30 1.27 (0.05) 1.27 (0.05)
31-50 1.27 (0.05) 1.27 (0.05)
51-10 1.6 (0.063) 1.6 (0.063)
101 -15p 1.6 (0.063) 24 (0.094)
151 -17p 24 (0.094) 6.4 (0.25)
171-25p 24 (0.094) 9.5 (0.375)
251-30p 9.5 (0.375) 12.7 (0.50)
301-60p 9.5 (0.375) 19.1 (0.75)
601—1,000 12.7 (0.50) 19.1 (0.75)
1,001 — 2,00 254 (1.00) 25.4 (1.00)
2,501 — 5,000 254 (1.00) 254 (1.00)
5,001 - 10,000 31.8 (1.25) 38.1 (1.50)
10,001 — 15,000 38.1 (1.50) 50.8 (2.00)
Note — On printed-wiring boards, their connectors, and board-mounted electrical components wired on the load side of line filters
or similar voltage peak reduction networks and components, a minimum spacing of 0.58 mm (0.0230 in) plus 0.005 mm (0.0002
in) per Vpeak shall be maintained over-surface and through-air between uninsulated live parts and other uninsulated live or dead
conductive parts not of the same polarity.
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Table 2.20
Spacings, dry, damp and wet locations, live parts, other than field wiring branch circuit supply

terminals, on printed wiring boards with conformal coating or potting

Over-surface

Voltage range mm (in)
0-15 0.13 (0.005)
16 -30 0.25 (0.010)
31-50 0.38 (0.015)
51-100 0.51 (0.020)
101 -150 0.64 (0.025)
51-170 0.76 (0.030)
71-250 0.76 (0:030)
451 -300 0.76 (0.030)
301 -600 1.52 (0.060)
601 - 1,000 3.05 (0.120)
1,J01 - 2,500 7.62 (0.300)
2,401 -5,000 15.2 (0.600)
5,0p1 - 10,000 254 (1.00)
10,9401 - 15,000 30.5 (1.20)

2.15.3 The gpacings between uninsulated and insulated live parts of opposite polarity [and between
insulated partg, regardless of conformal coating, shall.be as specified in Table 2.21. The spagings between
insulated live parts and the plane of a mounting surface in a sign shall be as specified in Table 2.21. To be
considered an|insulated live part, the insulation either must be an integral part of a separately investigated
component orjcomply with 2.13, Insulating Materials.

Table 2.21
Spacings, liye parts, uninsulated to insulated, insulated to insulated and insulated to|dead metal

regardless of conformal coating or potting

Uninsulated to insulated Insulated to insulated Insulated to dead-metal

Voltage range mm (in) mm (in) mm (in)

0-600 Not applicable Not applicable Not appficable
601 —1,00( 19.1 (0.75) 6.4 (0.252) 3.2 (0.126)
1,101 - 2,500 T9.7 0.75) 95 [0.375) 64 (0.252)
2,501 - 5,000 19.1 (0.75) 12.7 (0.50) 6.4 (0.252)
5,001 - 10,000 28.4 (1.12) 19.1 (0.75) 9.5 (0.375)
10,001 — 15,000 38.1 (1.50) 254 (1.00) 12.7 (0.50)
Note — Insulated in accordance with Table 2.14

2.15.4 The spacing requirements in the Standard for Safety for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, shall be amended as follows:

a) For dry location only components, the Pollution Degree shall be 2;

b) For damp or wet location components, the Pollution Degree shall be 3;
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c) Hermetically sealed or encapsulated enclosures, or printed-wiring boards with conformal coating
are identified as Pollution Degree 1;

d) Cord-connected components shall be rated Overvoltage Category ll;

e) Permanently-connected components shall be rated Overvoltage Category lII;

f) To apply Clearance B (controlled overvoltage), a component shall be provided with an integral
overvoltage device or system; and

g) All printed-wiring boards have been determined to have a minimum Comparative Tracking Index
(CTI) Performance Level Category (PLC) of 1.

2.15.5 Enan

2.15.6 The
based on the

2.16 Markin

2.16.1 Ama

b) Pai
c) Ink-

d) Ink-

neled and similar film-coated wire is identified as an uninsulated live part.

spacings between output circuitry and dead-metal for a ground-referenced
maximum open-circuit voltage to ground.

gs

rking shall be legible and use one or more of the following'methods:

a) LetIering on a pressure-sensitive label;
t

stenciled lettering;
stamped machine lettering;

hand-stamped lettering;

e) Indglibly printed lettering;

f) Die-
g)Em
h) Mol

i) Othe

2.16.2 A ms
Table 2.23. F

stamped lettering;
possed lettering;
Hed or cast lettering; or

r legible means.

rkingsshall comply with the format designation and location as specified in 1

tircuit shall be

able 2.22 and

brmat designation and location such as S24-L3 is 2.4-mm (0.094-in) letter he

ght in Univers

bold font loca

ed-where visibleduring instattatiormand-be onpermanent imadry focatiorman

a damp or wet location.

Table 2.22
Format minimum size designation for marking height and typeface

permanent in

Letter height
Size designation mm (in) Typeface, upper case
S16 1.6 (0.062) Not specified
S24 24 (0.094) Universal bold
S32 3.2 (0.125) Not specified
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Table 2.23
Format location designation for marking

Type P — Perma

Uses: Informatio
Material: Metal,

Type N —Non-p
A label that is inf]
Uses: Certificati

Material: Paper

Location Label exposed to a dry Label exposed to a
designation Description environment damp/wet environment
L2 Visible during installation Type N Type P
L3 Visible during installation and inspection of Type N Type P
wire connections near supply connections
Note:

nent label or nameplate

A label that is intended to remain in the applied position for the lifetime of the sign under conditions of normal use.

e . feof :
lastic, or other suitable material with an adhesive suitable for the temperature involved and compl
ermanent label or nameplate

ended to remain in place only for the purpose of installation.

n mark, manufacturer's identification, product identification

vith an adhesive suitable for the temperature involved.

y with 3.4.1.13.

2.16.3 A sig
manufacturer
identified, the

h component shall be plainly marked in S24-L2 -with the name or trad
br other descriptive marking by which the organization responsible for the pr|
model designation, and date code of at least month and year of manufacture.

emark of the
bduct may be

2.16.4 A component produced or assembled at more thaf' one factory shall have a distinclive marking —

which may be

2.16.5 Texte

words shown ¢r a marking including these words and conveying the original intent.

2.16.6 A cor
shall be marke
Having Any M

2.16.7 A fus
identification g

3 Tests — G¢

n code by which it is able to be identified as manufactured at a particular facto

nclosed by parentheses "Verbatim™indicates that the marking shall consist of

-connected component/not provided with a grounding-type cord in accordan
d verbatim in format S24™— L2 "CAUTION — No Grounding Provided, Do Not
btal Required to be«Grounded"”.

e replacement-marking shall be provided adjacent to a fuseholder p
nd ampereyrating. The wording shall be FUSE (identification) ____ A.

neral

.

bnly the exact

Ce with 2.11.4
Use In A Sign

roviding fuse

3.1 General

3.11

The tests applicable to a component are specified in Sections 4 and 5 of this standard.

3.1.2 Unless specified for a particular conditioning or test procedure, all conditioning and tests are to be
conducted on parts that have been molded or formed in the configuration provided in the sign component.
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3.2 Polymeric material evaluation
3.2.1 Polymeric material conditioning
3.21.1 Accelerated aging — wire, cable, GTO sleeving and neon electrode enclosures

3.2.1.1.1 Samples are to be conditioned in an air-circulating oven set to maintain a temperature in
accordance with Table 3.1 based on the maximum service temperature measured during the Normal
Temperature Test in 3.4.2.3 for 168 h.

Table 3.1
Oven aging temperature and time
Maximum service temperature Oven time and temperature
°C (°F) °C (°F) Time in h
60 (140) 100 (212) 70
75 (167) 100 (212) 168
80 (176) 113 {235) 168
90 (194) 121 (250) 168
105 (221) 136 (277) 168

3.2.1.2 Accelerated aging with thermal cycling conditioning — wire, cable, GTO sleevjng and neon
electrode englosures

3.2.1.2.1 Three samples are to be subjected to ¢onditioning for 336 h in a full-draft circulating-air oven
and 168 h in émbient conditions. During the first 168 h, the samples are to be conditioned in the oven set
to maintain a femperature of 155 £1.0°C (302*+£1.8°F). After 168 h, the samples are to remain in the oven
except with the circulating air oven de-energized and allowed to cool to ambient conditions|for 24 h. After
24 h, the oven in which the samples have remained is to be operated again at a temperaturg of 155 +1.0°C
(302 £1.8°F)|for 24 h. This 24 h_alternating cycle of elevated ambient and normal ampbient is to be
repeated 6 more times until the 504 h of conditioning has been completed.

3.2.1.2.2 Fdlowing the conditioning, the samples are to be retained under conditions of|ambient room
temperature pnd atmaSpheric pressure for not less than 16 h before being subjected to any other
conditioning gr testing.

3.21.3 Thermal cycling exposure

3.2.1.3.1 Three samples are to be subjected to five cycles of exposure. Each cycle shall be for a total of
74 h. Each cycle shall consist of three 24-h periods of conditioning and between each 24-h period of
conditioning, the samples are to be placed in a room temperature ambient for 1 h. The first 24-h period
shall consist of being in an ambient temperature of 100°C (212°F). The second 24-h period shall be in an
ambient of 97% relative humidity at 60°C (140°F). The last 24-h period shall be in an ambient of minus
40°C (minus 40°F). After the 5 cycles are completed, the samples are to be placed in a room temperature
ambient for 1 h before being subjected to any tests.

3.2.1.4 Ozone exposure conditioning

3.2.1.4.1 Three samples are to be mounted in the specimen holder in a looped position as specified in
Procedure B of the Standard Test Method for Rubber Deterioration, ASTM D518-86. The ozone test
chamber is to be as specified in the Standard Test Method for Rubber Deterioration — Surface Ozone
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Cracking in a Chamber, ASTM D1149-86. The specimen holder is to be as specified in the Standard Test
Method for Rubber Deterioration — Surface Cracking, ASTM D518-86.

3.2.1.4.2 The mounted samples are to be subjected to an ozone partial pressure of 10,000 — 15,000
mPa for 70 h and a temperature of 40 +2°C (104 £3.6°F).

3.2.1.4.3 Following the conditioning, the samples are to be retained under conditions of ambient room
temperature and atmospheric pressure for not less than 16 h before being subjected to any other

conditioning or

testing.

3.2.1.5 \Ultraviolet radiation exposure conditioning

3.2.1.5.1 Thiee samples of a material shall be subjected to ultraviolet radiation using

equipment:

a) Twir
Exposd
Materig

enclosed carbon-arc, Type D, in accordance with Standard Practice for O
re Apparatus (Carbon-Arc Type) With and Without Water forExposure o
Is, ASTM G23. Exposure Method 1, continuous exposure to water

q

g

programmed cycle of 20 min consisting of a 17-min light exposure*and a 3-min expq

spray \
+3°C (

b) Xer
Apparg
G26. B
with a

to wate
Xenon-
nm at 3

vith light shall be used. The apparatus shall operate withira black-panel temy
45.4 +5 4°F), or

on-arc, Type B, in accordance with Standard Practice for Operating Li
xposure Method 1, continuous exposure to-light and intermittent exposure g
r spray with light shall be used. The apparatus shall operate with a 6500 W,

arc lamp, borosilicate glass inner and<uter optical filters, a spectral irradiance
40 nm and a black-panel temperature of 63 +3°C (145.4 £5.4°F).

3.2.1.5.2 Th¢ samples are to be mountéd' vertically on the inside of the cylinder in the U

apparatus, wit
enclosed carb
be exposed fo

3.21.5.3 Fd
temperature
conditioning o

Bk

[«

3.21.6 Hum

3.2.1.6.1

h the width of the specimen‘facing the arc and so that they do not touch each
bn-arc, the samples aré to be exposed for a total of 720 h. For xenon-arc, the s
- a total of 1000 h,

llowing the conditioning, the samples are to be retained under conditions of
nd atmospheric pressure for not less than 16 h before being subjected
testing.

the following

berating Light
f Nonmetallic
pray, with a
sure to water
erature of 63

pht Exposure

tus (Xenon-Arc Type) With and Without Water, for-exposure of Nonmetallic M3gterials, ASTM

water spray,

brogrammed cycle of 120 min consisting:of. 102 min light exposure and 18 minute exposure

water cooled
of 0.35 W/m?

Itraviolet-light
pther. For twin
amples are to

ambient room
to any other

fdity conditioning

Three test samples are to be exposed to an ambient temperature of 40 +2°C (104 £3.6°F) while

the relative humidity is adjusted six times between 2045 and 93+5%. The test cycle sequence is to consist
of alternating periods of minimum and maximum relative humidity. Each cycle is to consist of 8-h exposure
to each of the specified humidity levels. The time required to reach each level is not to exceed 1 h.

3.2.1.6.2 Following the conditioning, the samples are to be retained under conditions of ambient room
temperature and atmospheric pressure for not less than 16 h before being subjected to any other
conditioning or testing.

3.2.1.7 Cold conditioning

3.2.1.7.1 Three samples shall be conditioned for 24 +1/2 h in a minus 40 +2°C (minus 40 +3.6°F) and
minus 54 £2°C (minus 65 +3.6°F) ambient.
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3.2.1.7.2 Following the conditioning, the samples are to be retained under conditions of ambient room
temperature and atmospheric pressure for not less than 16 h before being subjected to any other
conditioning or testing.

3.2.1.8 Ozone, ultraviolet radiation, heat and moisture conditioning

3.2.1.8.1 Three samples are to be subjected to 1440 h of conditioning. The three samples to be
conditioned are to be installed according to the installation instructions as part of the ultraviolet radiation
generator and the ozone generator consisting of the components specified in 3.2.1.8.2 and 3.2.1.8.4. The
ultraviolet radiation and ozone generators are to be constructed as specified in 3.2.1.8.3 and 3.2.1.8.5.
The two generators are to be inserted into a chamber and operated as specified in 3.2.1.8.6 — 3.2.1.8.9.

3.2.1.8.2 UHraviolet radiation generator consists of the following components:
a) Four 10-mm (0.4-in) double back electrode enclosures,
b) Twq 10-mm (0.4-in) straight electrode enclosures,
c) Thrge 122-cm (4-ft) lengths of 10-mm (0.4-in) diameter, 6500 White*NMercury Tubing,
d) Twq lengths of 30.4-cm (12-in) long GTO cable,
e) Twq lengths of 76.2-cm (30-in) long GTO cable,
f) Twollengths of 25.4-cm (10-in) long GTO cable sleeving, and

g) Twq lengths of 71.1-cm (28-in) long GTO cable.sleeving.

3.2.1.8.3 The ultraviolet radiation generator is to'be assembled as follows:

a) A 7p6.2-cm (30-in) length of GTO Cable is to be slid through the backside of a straight electrode
enclogure and extended beyond the,;opening of the electrode enclosure and 38-mm ([1.5-in) of GTO
cable insulation stripped off.

b) Thq electrode leads ofione end of a 6500 White mercury tube are to be spliced fo the stripped
end off each of the 30.4-cm (12-in) GTO cables. The electrode enclosure is then to| be positioned
over the tube to enclose the splice.

c) Thg other end-of each of the mercury tubes is to be inserted into a double Back electrode
enclogure base-

d) A 76:2-cm (30-in) length of GTO cable is to be inserted parallel to the mercury tulpe into each of
the double back electrode enclosure bases and the electrode Teads spliced to the 76.2-cm (30-in)
GTO cable leads.

e) A 71-cm (28-in) length of GTO sleeving is to be slid over the 76.2-cm (30-in) GTO cable and
mated to the electrode enclosure base.

f) The electrode enclosures are to be assembled in accordance with the manufacturer's installation
instructions.

g) To the other end of each 76.2-cm (30-in) GTO cable another double back electrode enclosure
base is to be slid over the GTO cable and 38 mm (1.5 in) of the end of the cable stripped of
insulation.

h) Each end of the third piece of mercury tube is to be inserted into the double back electrode
enclosures that were earlier placed on the 76.2-cm (30-in) GTO cable attached to end of the
mercury tubes.
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i) Each end of the 76.2-cm (30-in) GTO cable is to be spliced to the electrode leads of the mercury
tube.

3.2.1.8.4 The ozone generator is to consist of the following components:
a) Two 15 mm (0.6-in) straight electrode enclosures,
b) Two lengths of 122-cm (48-in) long GTO cable,
c) One length of 152-cm (60-in) long GTO cable,

d) Two lengths of 30.4-cm (12-in) long GTO cable sleeving, and

e) Twollengths of 114-cm (45-in) long GTO cable sleeving.

3.2.1.8.5 The¢ ozone generator is to be assembled as follows:

a) The
Cable g

152-cm (60-in) length of GTO Cable is to be slid into the two 30.4=cm (12-in)
leeving.

Igngths of GTO

b) One|
length

c) Eac
electro

instructions.

d) The
electro

e) The
is to be

f) After
(48-in)
straigh

g) Ead

with the collar of the straight electrode enclosure.

end of each of the 122-cm (48-in) lengths of GTO Cable-is. to be slid into a 1
pf GTO sleeving.

h end of the 152-cm (60-in) GTO cable is to bé<inserted into the opening
He enclosure as intended for assembly in accordance with the manufacture

GTO cable is to be inserted until the end extends beyond the neon tube 0
He enclosure by 38 mm (1.5 in).

14-cm (45-in)

in a straight
I's installation

pening of the

ast 25.4 mm (1 in) of cable insulation is too be stripped off the cable. A 122-c

being spiced together, the straight electrode enclosures are to be slid towa
cables until the splicé.and the 30.4-cm (12-in) length of GTO sleeving in
electrode enclosure:

h 114-cm (45:iny¥GTO Cable Sleeving is to be slid up to the electrode enclosU

3.2.1.8.6 The

diameter trade

twosgenerators are to be inserted next to each other into a 3-m (10-ft) le
size EMT From each end of the EMT at a d|stance of 15.2 cm (6 in), a 6.3

(48-in) cable

spliced to each end of the 152-cm (60-in) cable extending through the electrodle enclosure.

d the 122-cm
serts into the

re and mated

ngth of 2%2-in
5-mm (1/4-in)

hole shall be s v ed. This tube
shall be provided with a removable tape seal at the top Where sleevmg is inserted into the neon tubing
opening of a electrode enclosure base and where the GTO Cable Sleeving is not continuous from
electrode enclosure to electrode enclosure, RTV Silicone is to be used to make a seal to prevent the
entrance of water into the assembly.

3.2.1.8.7 Each assembly is to be connected to the output terminals of a midpoint ground referenced 15
kV, 30 mA gas-tube sign transformer. The mercury tube is to be connected across the output of a
transformer and the input voltage of the transformer adjusted to obtain 24 mA of current through the
mercury tube. The assembly with no mercury tube is to have only one end connected to another 15 kV
transformer and the other end capped off, enclosed, insulated and not connected to the transformer.

3.2.1.8.8 The EMT containing the assemblies is to be wrapped with a pipe heating cable and then with
thermal insulation. The pipe heating cable shall be energized and adjusted to cause the EMT to have an
average outside temperature of 90°C (194°F).
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3.2.1.8.9 Both assemblies are to be operated continuously for 60 days. Five days each week, 8 drops of
tap water are to be added to each of the holes drilled 15.2 cm (6 in) from each end of the EMT assembly.
The cover is to be replaced.

3.2.1.9 Material compatibility conditioning

3.2.1.9.1 Six test assemblies are to be constructed in accordance with the manufacturer’s installation
instructions using the materials that may potentially interact with each other. The assemblies are to include

any other peripheral components associated with the assembly that represents field conditions.

3.21.9.2 Th

e six assemblies are to be subjected to the following aging/exposure cycle:

a) Ovgn — The samples are to be thermally aged in a forced air oven set at a temper

(311°
room
subjeq

b) Col
ambie
remov|

c) Mo

tempe
conde

3.2.2 Mater

3.2.2.1 Flammability test

%emperature. Unless designated for use in dry locations only, the assemblies

) for 336 h. After 336 h, the samples are to be removed from the oven andallq

ted to the cold shock and moisture conditions specified below.

I Ambient — The samples are to be subjected to cold ambient conditioning in
nt for 2 h or until the samples reach thermal equilibrium. After 2 h the sam
ed from the cold and within 2 min set into a humidity chamber as specified belg

sture — The samples are to be placed in a humidity"chamber maintained a
rature of 32.0 +2.0°C (89.6 +3.6°F) for 48 h. The/samples are to be arrang
hsation from dripping on the samples or collecting.inside the samples.

al tests

ature of 155°C
wed to cool to
are then to be

a 20°C (38°F)
ples are to be
w.

I 88 +2% at a

ed to prevent

3.221.1 Gg¢neral
3.2.2.1.1.1 [The tests in this section‘are for determining that a material is self-extinguishing type, V-2, V-
1, V-0, or 5-VA and 5-VB, the slow_burning type, HB, and the thin material vertical burning type, VTM-2,
VTM-1, or VTM-0 as identified in<Iable 3.2.
Table 3.2
Flammability ratings
Flammability rating Identifying characteristic
V-2 Material has flaming drip that 1alls to cotton below test sample, self extinguishes within 1 minute and
drip is permitted to ignite cotton. The test flame is permitted to penetrate the test sample where the
test flame was applied.
V-1 Material has flaming drip that falls but the drip self extinguishes before reaching cotton below test
sample. The test flame can penetrate the test sample where the test flame was applied.
V-0 Material does not drip and self extinguishes within 1 min. The test flame can penetrate the test
sample where the test flame was applied.
5VA Material self extinguishes within 1 minute and the test flame does not penetrate the test sample
where the test flame was applied.
HB Material does not self extinguish and burns horizontally at a rate of no greater than 25 mm (1 in) per
1-1/2 min.
VTM-2 Material has flaming drip that falls to, and can ignite, cotton below the test sample, self extinguishes
within 250 s and does not continue to glow for more than 1 min.

Table 3.2 Continued on Next Page
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Table 3.2 Continued

Flammability rating

Identifying characteristic

VTM-1 Material has flaming drip that falls to, but cannot ignite, cotton below the test sample, self
extinguishes within 250 s and does not continue flame for more than 1 min.
VTM-0 Material has flaming drip that falls to, but cannot ignite, cotton below the test sample, self

extinguishes within 50 s and does not continue to flame for more than 30 s.

3.2.2.1.1.2 The flammability tests specified in this section are to be applied to complete components or
parts thereof. Consideration shall be given to leaving in place components or other parts that might
influence the flammability of the material. Additionally, the flammability tests specified in this section are to

be applied to each color of a formed sample of the polymeric material that is to be covered o

of material to be covered. Flammability testing of white, black, blue and)y
material are p¢rmitted to represent other colors of materials.

of each color

322113 T
the formed pa
days at a tem
70°C (158°F)
conditioned fo

322114 T
Bunsen or Tirr|

Flowmeter,

Control
Valve

hree samples of each color of the formed part or test samples of the“minimur
It are to be tested. Each sample is to be conditioned in a full drafbcirculating
perature that is 10°C (18°F) greater than the maximum use temperature, but
prior to testing. Prior to subjecting the samples to the testflame, the samg
ra minimum of 4 h at 23 £2°C (73 £3.6°F) and 50 £5% relative humidity.

he burner supply arrangement for each test shall‘be as shown in Figure 3.1

Il burner.

Figure 3.1

Burner supply arrangement

ASTM

r test samples
ellow colored

n thickness of
air oven for 7
not less than
les are to be

using either a

D5025 Burner

Fuel Gos

SM516

\_/

Manometer

——

Adjustable
Air Inlet
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3.2.2.1.1.5 The test flame for each flammability rating test shall be as specified in Table 3.3 with the

flame in the vertical position.

Table 3.3
Test flame
Flame height
Flammability rating mm (in) Flame conditions

V-2, V-1, V-0 19 (3/4) Small yellow flame with blue cone
V-2, V-1, V-0 12 (1/2) Small yellow flame with blue cone

VA 127 (8) Yellow flame, no hlue cone

HB 120r19 (1/2 or 3/4) Small yellow flame with blue cone

VTM-2, VIM-1, VTM-0 20 (3/4) Blue flamie,)no yellow tip
3.2.21.2 Sdlif extinguishing V-2, V-1, and V-0 testing procedure

3.2.2.1.2.1
Tirrill burner. For a 19-mm (0.75-in) test flame the burner is to have a’tube length of 100
1+0.39 in) and| an inside diameter of 9.5 £0.3 mm (0.37 £0.012 in)\For a 12-mm (0.5-in)

burner shall have a tube at least 35-mm (1.4-in) long having @n ‘inside diameter of 0.5 4

he three samples are to be subjected to one of two test flames produced from a Bunsen or

+10 mm (3.9
est flame, the
0.1 mm (0.02

1+0.004 in) ang an outer diameter not exceeding 0.9 mm (0.035:in) and no air ports. The burner for the 19-

mm (0.75-in) [test flame is to be supplied by technical grade’ methane gas with regulator
uniform gas flow or natural gas having a heat content-&f’ approximately 37 MJ/m?® (1000
arrangement phown in Figure 3.1. The gas supply for.the 12-mm (0.5-in) test flame is to be
a purity of at Ipast 95% and a heat content of approximately 122 MJ/m?.

3.2.2.1.2.2 HEach sample is to be mounted in-the Vertical Flame Test Setup shown in Figy
19-mm (0.754in) or 12-mm (0.5-in) flame is:to be applied to the part being tested twice. TH

and meter for
Btu/ft®) in the
butane having

re 3.2 and the
e 12- and 19-

mm (0.5- and| 0.75-in) flame is to be applied for 30 s each time with a 1-min interval of no flame between

on of the flame. The test'flame is to be applied to the center of the part of
t at an edge or near_an opening of the part or sample.

each applica
tested, and n¢

sample to be
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Figure 3.2

Vertical burning test for V-0, V-1, and V-2 classification

( 1 | ]
Lt

le— SPECIMEN

N

20+ 1 mm __
10 £ 1 mm

T

BURNER ]

:: 300 A0 mm

COTTON

6 mmimax. _

approx. 50 mm

FT240A

3.2.2.1.3 Self extinguishing 5 VA testing procedure

3.221.3.1 T
a 127-mm (5-
below the poin

he test conditions are to be'the same as for the V-2, V-1, and V-0 Testing Pro
n) flame test is to be used and a layer of surgical cotton is to be located 3(
t of application of the\test flame. See Figure 3.3

cedure except
5 mm (12 in)
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Figure 3.3
Five-inch flame test
L] -
Test
specimen

| 3
aa |
C
‘ a Cotton
( - A [ —\\\m—'—_
Flame Test
adjustment position
S3839A
Notes:

A —Flame height is 127 mm (5 inch) in the vertical position

B — Inner flame cone height is 40 mm (1.5 in)

C — Burner tube length is 89 — 101 mm (3.50 — 4 in)

D — Burner base test mounting angle is 20° from the horizontal

E — Cotton location is 305 mm (12 in) directly below test specimen
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3.2.2.1.3.2 The 127-mm (5-in) flame is to be applied for 5 s each time with a 5-s interval of no flame

between each

322133 T

application of the flame. This cycle shall be repeated 5 times.

he material must not be:

a) Consumed as a result of the application of the test flame; and

b) Not continue to burn for more than one minute after the application of the test flame.

3.2.2.1.3.4 A material that complies with 3.2.2.1.3.3 is identified with respect to flammability by the
criteria specified in Table 3.3.

3.2.21.4 SId

322141 T
10.2-in) wide §
thick, shall be
in a desiccator

3.22142 T
and secured i
specified in T
secured) end
the end whereg|

W Burnlng HB testing procedure

hree samples of the material that are 125 +5-mm (4.9 1£0.2-in) long by 43.0
nd provided in the minimum thickness of the formed part, but no lessithan 3.0
conditioned for 168 h in an air circulating oven set at 70 £1°C (158 £1.8°F) an
for at least 4 h at room temperature prior to testing.

he samples are to be measured and marked 25 mm (1 in)dfrom each end of the
h a horizontal position as shown in Figure 3.4. The42- or 19-mm (0.5 or
pble 3.3, from a burner as specified in 3.2.2.1.2/4, shall be applied to one

the flame is being applied.

Figure 3.4

Horizontal burning test setup

+0.5-mm (0.5
-mm (0.12-in)
d then cooled

b test samples
D.75-in) flame
(the end not

Df the test sample for 30 s or less if the sample burns past the first mark 25 mim (1 in) from

45°

a Tnm)‘ (34 ‘<1 ?/_ SPECIMEN\

$3842
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3.2.2.1.4.3 The burning rate of the material is to be determined by measuring the time it takes for the
material to burn from the first mark to the second mark on the sample. The time is to be measured from the
moment the flame reaches the first mark until the moment it reaches the second mark.

3.2.2.1.4.4 The samples are considered to be HB if the flame does not burn past the second mark or
does so after more than 72 s if the test sample is greater than 3.0-mm (0.12-in) thick or 60 s if 3.0-mm

(0.12-in) thick
3.221.5 Th

3.2.2.1.5.1

or less.

in material vertical burning VTM-2, VTM-1 and VTM-0 testing procedure

Ten colored test samples are each to be cut to 200 mm (7.9 inches) in length by 50 mm (1.9

inches) in width and shall be marked by a line across the sample width, 125 mm (4.9 in) from one end. The

longitudinal a
10.02-in) diar
exposed. The
the 125-mm
removed.

3.2.2.1.5.2

nichrome wirg¢ around the top 75 mm (2.9 in) of the specimen. When required to test di

materials, alth
flaring out of
forms are con

Figure 3.5.

Kis of the sample is to be wrapped tightly around the longitudinal axis of a 12.7
heter mandrel to form a lapped cylinder 200-mm (7.9-in) long with the 125-m
overlapping ends of the sample are to be secured within the 75-mm{2,9-in)
4.9-in) mark (upper tube section) by pressure sensitive tape. The’mandrel

Vhen testing stiff specimens, reinforce or replace the pressure-sensitive tap

ough capable of being wrapped and taped around the.rhandrel, there are vary
the untaped end, some of which results in an unlapped "U" type specimen.

Figure 3.5

Thin material vertical burning test setup

SPRING
CLAMP

125mm MARK ——e=

NICHROME
WIRE
CLOSURE

LAPPED UNLAPPED

+0.5 mm (0.5
m (4.9-in) line
portion above
is then to be

e by wrapping
ferent generic
ing degrees of
These various

sidered acceptable to test if the upper end is capable of being formed into the¢ cylinder. See

=8

SECTION

H

H

SECTION
==

i

H

H

L__J

(a) FRONT VIEW OF SPECIMEN
LAPPED AT LOWER END

FT270

SRR S

(b) SIDE VIEW OF SPECIMEN
LAPPED AT LOWER END

S
(c) BACK VIEW OF

L__J

SPECIMEN

NOT LAPPED AT LOWER END


https://ulnorm.com/api/?name=UL 879 2022.pdf

72 UL 879 APRIL 22, 2022

3.2.2.1.5.3 Five of the test samples are to be conditioned in accordance with the Standard Practice for
Conditioning Plastics for Testing, ASTM D 618 (ISO 291) at 23 +2°C (73.4 +3.6°F) and 50 +5% relative
humidity for a minimum of 48 h. The other 5 samples are to be conditioned in an air-circulating oven for
168 h at 70 £1°C (158 +1.8°F) and then cooled in a desiccator for at least 4 h at room temperature. Once
removed from the desiccator, the specimens are to be tested within 30 min.

3.2.2.1.5.4 Cotton for the test procedure shall be conditioned in a desiccator for at least 24 h prior to
testing and be used for the test within 30 min of being removed form the desiccator.

3.2.2.1.5.,5 The gas burner for the test shall be as specified in 3.2.2.1.2.1 with the methane gas supply to
the burner arranged as in Figure 3.1. The gas shall be adjusted to produce a flow rate of 105 ml/min with a
back pressure less than 10 mm water. See the Standard Practice for Confirmation of 20 mm (50 W) and
125 mm (500 YV) Test Flames for Small-Scale Burning Tests on Plastic Materials, ASTM D52D7.

3.2.2.1.5.6 Adjust the burner to produce a blue flame 20 +1-mm (0.8 +0.04-in))high.
obtained by agljusting the gas supply and air ports of the burner until a 20 +1-mm/\(0.8 0.
tipped blue flgme is produced. Increase the air supply until the yellow tip justidisappears.
height of the flame again and readjust it if necessary.

The flame is
04 in) yellow-
Measure the

Confirmation
stic Materials,
5 replaced, or

3.2.2.1.5.7 The test flame shall be calibrated in accordance with the Standard Practice for
of 20 mm (50|W) and 125 mm (500 W) Test Flames for Small-Scale. Burning Tests on Pla
ASTM D5207 |at least once a month and when the gas supply is"changed, test equipment i
when data is questioned.

3.2.2.1.5.8 Apply the flame centrally to the middle point-0f'the bottom edge of the unlapped specimen so
that the top off the burner is 10 £1 mm (0.4 £0.04 in).below that point of the lower end of the specimen.
Maintain the flame at that distance for 3 £0.5 s, mnoving the burner as necessary in response to any
changes in the length or position of the specimen.(see Exception). If the specimen drips molten or flaming

material during the flame application, tilt the .burner at an angle of up to 45°. Withdraw it j
from beneath| the specimen to prevent ‘material from dropping into the barrel of the
maintaining the 10 £1-mm (0.4 +0.04-in).spacing between the center of the top of the b
remaining portion of the specimen, ignering any strings of molten material. After the app
flame to the specimen for 3 £0.5 shimmediately withdraw the burner at a rate of approximat

st sufficiently
burner while
irner and the
ication of the
ely 300 mm/s

to a distance @t least 150 mm (5:9 in) away from the specimen. Simultaneously use the tin
commence mgasurement of the after flame time, t,, in seconds. Record t;.

ning device to

Exception: Fo
end, the flame

[ specimens-that are not lapped at their lower end when suspended from the
is to beapplied in line with the longitudinal axis of the specimen.

inched upper

3.2.2.1.5.9 As'soon as flaming of the specimen ceases, even if the burner has not been withdrawn to the
full 150-mm (5.9-in) distance from the specimen, immediately place the burner under the specimen and
maintain the burner at a distance of 10 £1 mm (0.4 +0.04 in) from the remaining portion of the specimen,
while moving the burner clear of dropping material as necessary. After this application of the flame to the
specimen for 3 £0.5 s, immediately remove the burner at a rate of approximately 300 mm/s to a distance of
at least 150 mm (5.9 in) from the specimen and simultaneously commence measurement of the after
flame time, t,, and the afterglow time, 5, of the specimen. Record t, and t,.

3.2.2.1.5.10 The following are to be observed and recorded:
a) After flame time after first flame application, t,.
b) After flame time after second flame application, t,.

c) After glow time after second flame application, ;.
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d) Whether or not specimens burn up to the 125-mm (4.9-in) mark.

e) Whether or not specimens drip flaming particles, which ignite the cotton indicator.

3.2.2.1.5.11 If only one sample from a set of 5 samples does not comply with the requirements for a
specific rating in Table 3.4 or the total number of seconds of flaming is in the range of 51 — 55 s for VTM-0
or 251 — 255 s for VTM-1 or -2, an additional 5 samples shall be tested. All samples of the second set shall
comply with the appropriate requirements in Table 3.4 to comply with the material classification.

Table 3.4
Thin material vertical flame material classifications

Criteria conditions VTM-0 VTM-1 VTM-2
After flame timg for each individual specimen t, or t, <10s <30s <30s
Total after flamg time for any condition set (t; plus t, for the 5 <50s <250s <250s
specimens)
After flame plus|afterglow time for each individual specimen after the <30s <60s <60s
second flame application (t, + t3)
After flame or afterglow of any specimen up to the 125-mm (4.9-in) mark No No No
Cotton indicator ignited by flaming particles or drops No No Yes

3.2.2.2 Conpparative tracking index performance level test

3.2.2.2.1 The comparative tracking Index performancelevel determination specified in th{s section is to
be applied to pach color of a formed sample of the palymeric material that is to be covered gr test samples
of each color jof material to be covered. The test sample is to be a sample of the material npade to have a
flat surface of|at least 101 by 101 mm (4 by 4 in)-and be of at least the thickness of the minimum thickness
of the formed |part into which the material is to.be used.

3.2.2.2.2 The voltage that causes @ ;permanent electrically conductive carbon path oh a polymeric
material with the application of 50 drops of electrolyte that is applied at the rate of one diop every 30 s
shall be deteqmined under the conditions specified in the Standard Test Method for Compafative Tracking
Index of Electrical Insulation Materials, ASTM D 3638-85 (IEC 112).

3.2.2.2.3 The assigned)PLC for a CTl Range — Tracking Index (Volts) is as specified in Tabje 3.5.

Table 3.5
Comparative tracking index assigned PLC

Maximum tracking index voltage Minimum tracking index voltage Assigned PLC
Above 600 600 0
600 400 1
400 250 2
250 175 3
175 100 4
100 0 5

3.2.2.3 Hot-wire ignition (HWI) test

3.2.2.3.1 Five samples of a polymeric enclosure material shall be subjected to the hot-wire ignition test
described in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C,
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and Evaluation of Properties of Polymeric Materials-Second Edition; General Instruction No 1, CSA C22.2

No. 0.17.

3.2.2.3.2 The average time to ignition shall be not less than 15 s.

3.2.2.4 Glow-wire end product test

3.2.2.41

The test apparatus shall be in accordance with 3.2.2.4.9.

3.2.2.4.2 Components may, under fault conditions or overload conditions, attain a temperature that
ignites or affects the enclosure or electrical parts in their vicinity. The glow-wire test simulates thermal

stresses that n

nay be produced by sources of heat or ignition, for short periods, in order to ev

aluate the risk

of fire.

3.2.24.3 Teq
acceptable for

t specimens less than 0.25 mm (0.010 in) or more than 6.4-mm (0.25-in) thid
this test method.

3.2.2.4.4 The¢ test specimen shall be a complete subassembly or component/If it is necess

suitable part
in normal use
glowing particl

perform the test, the test conditions shall not be significantly different from th
with regard to shape, ventilation, effect of thermal stress;“and possible flame
es falling in the vicinity of the specimen.

3.2.2.4.5 Thiee test specimens shall be conditioned at a .temperature of 23 +2°C (73.4

relative humid
conducted at 4

ity of 50% for a period of 40 h prior to the ‘glow-wire test. The glow-wire
n ambient temperature of 25 +5°C (77 +9°F).

3.2.2.4.6 The¢ specimen shall be fixed to the positioning clamp of the glow-wire test appar

Figure 3.6, so
be applied to
normal use. In
in detail, the ti
than 15 mm (
applied to flat

that heat losses due to the supporting means are insignificant. The tip of the g
he part of the surface of the specimen that is likely to be subjected to therm
cases where the areas subjected to the thermal stress during normal use ars
p of the glow-wire shall be,applied at the location where the section is thinne
D.6 in) from the upper‘edge of the specimen. If possible, the tip of the glow
surfaces and not to‘grooves, knockouts, narrow recesses, or sharp edges.

k shall not be

ary to cut off a
0se occurring
s, burning, or

+3.6°F) and a
test shall be

Atus shown in
low-wire shall
al stresses in
not specified
5t, but no less
twire shall be
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Figure 3.6

Glow-wire test apparatus
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3.2.2.4.7 Before each test the tip of the glow-wire shall be cleaned of any residue from previous tests.

3.2.2.4.8 The tip of the glow-wire shall be electrically heated to the temperature specified in Table 3.6 for
the conditions involved, as measured by the calibrated thermocouple. Before the test is started, the
temperature and the heating current shall be constant for a period of at least 60 seconds. Adequate
screening is to be provided so that heat radiation does not influence the specimen during this period or
during calibration.

Table 3.6
Glow wire test temperatures
Temperature [ Parts of insutating materta-imcontact——| terial for
with current-carrying parts or retaining enclosures and covers not retaining
°c (°F) them in position current-carrying-parts jn position

550 +10 (1,022 £18) To ensure a minimum level of ignition of To ensure a minimum/evel of ignition of
parts likely to contribute to a risk of fire. parts likely to contribute to a fisk of fire.

650 +10 (1,202 £18) Equipment for attended use. Fixed accessories in installafions.

750 £10 (1,382 £18) Equipment for attended use under more Equipment’attended use under more
stringent conditions. Fixed accessories in stringent conditions. Equipmgnt intended for
installations. use.near the supply point of & building.

850 +10 (1,562 £18) Equipment for unattended use continuously< [\Equipment for unattended uge continuously
loaded. loaded.

950 10 (1,742 £18) Equipment for unattended use, continuously | Equipment for unattended uge, continuously
loaded under more stringent conditions: loaded under more stringent{conditions.
Equipment intended for use near the supply
point of the building.

3.2.2.4.9 The Glow-wire test apparatus is to belas shown in Figure 3.6 which is an excerpt from Glow-
wire Tests and Guidance, IEC Publication 695-2-1. Refer to the IEC Publication for complgete apparatus
details and opgration.

3.2.2.4.10 THhe glow-wire shall consist of a specified loop of a nickel/chromium (80/20) wire with a
nominal diamgter of 4 mm (0.16 in)\The loop shall be formed so as to prevent fine cracking at the tip.

3.2.2.4.11 Alsheathed fing-wire thermocouple, having an overall diameter of 0.5 mm (0.02 in) and wires
of NiCr and NiAl, Type K, with the welded point located inside the sheath, shall be used for measuring the
temperature of the glowswire. The sheath shall consist of a metal resistant to the temperature of at least
960°C (1,7609F). The thermocouple shall be arranged in a pocket hole, 0.6 mm (0.24 incH) in diameter,
drilled in the tip ofithe glow-wire.

3.2.2.4.12 The instrument for measuring the thermovoltage shall be capable of reading 1,000°C
(1,832°F) with an accuracy of 1°C (1.8°F).

3.2.2.4.13 The glow-wire shall be electrically heated with a low-voltage transformer, and the current
required to heat the tip to a temperature of 960°C (1,760°F) shall be between 120 A and 150 A. A voltage
adjustment method shall be provided to allow continuous adjustment of the power level to achieve the
desired glow-wire tip temperature.

3.2.2.4.14 The positioning clamp shall be designed to support the test specimen and apply the glow-wire
to the specimen in a horizontal plane with a force of 0.8 to 1.2 N (0.18 to 0.27 Ib). The force shall be
maintained at this value when the glow-wire or the specimen is moved horizontally towards the other. The
mechanism shall allow at least 7-mm (0.275-in) penetration of the glow-wire into the specimen, and a stop
mechanism shall be provided to mechanically limit penetration to a distance of 7 mm (0.275 in).
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3.2.2.4.15 To evaluate the risk of spread of fire or the falling of glowing particles from the specimen, a
piece of flat, smooth, white pine wood board, approximately 10-mm (0.4-in) thick and covered with a single
layer of tissue paper, in loose contact, shall be located at a distance of 200 £5 mm (7.8 0.2 in) below the
glow-wire. The tissue paper shall be undyed, soft, strong, and lightweight, weighing between 12 and 30
gm/m (0.004 and 0.009 oz/ft).

3.2.2.5 High-current arc ignition (HAI) test

3.2.2.5.1 Three samples of a polymeric enclosure material shall be subjected to the high-current arc
ignition test described in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C, and Evaluation of Properties of Polymeric Materials-Second Edition; General Instruction No 1,
CSA C22.2 No. 0.17.

32252 T
15.

e average number of arcs to result in ignition for three samples tested shall.npt be less than

3.2.2.6 Endpproduct arc resistance test

3.2.2.6.1 The test current shall be based upon the maximum normal operating current. Th
for the test shpll be equal to the available voltage at the live part. The arc¢’shall be establishg

b voltage used
d between the

live part and gny adjacent part where breakdown is likely to occur./Fhe arc shall be used to i
forming parts|of the enclosure or to ignite materials located betweeén the parts of different

gnite materials
potential. The

arc shall be established by means of a copper or stainless steel conductive probe. The copductive probe

shall be used|to create arc tracking or a carbon build-up across the surface of the insulating

material at the
aterial.

minimum rate{of 30 arc separations per minute. There shallbe no ignition of the insulating m
3.2.2.7 Tengsile strength and ultimate elongation test

nditioned and
tioned sample
ensile strength
bone" shaped
on composite

3.2.2.7.1 The tensile strength and elongation tests are to be conducted on both uncg
conditioned spmples having the minimumr-thickness for the material being used. The cond
measurements shall not be less than60% of the unconditioned sample measurements. T¢
and ultimate | elongation tests are -to~"be conducted on straight flat, tubular, or "dog
specimens, of on flat straight segments from a sample. The elongation test is not required
materials.

3.2.2.7.2 "Dpg Bone",shaped samples for testing are to be prepared by being subjecte
skiving equipment as~specified in the Standard Practice for Rubber — Preparation of H
Purposes from Products, ASTM D3183-84.

H to buffing or
ieces for Test

32273 "D e \e Dies are as
specified in the Standard Test Methods for Rubber Proper’ues in TenS|on ASTM D412 92 A micrometer or
equivalent is to be used for measuring "Dog Bone" shaped samples as specified in Method A in the
Standard Practice for Rubber — Measurement of Dimensions, ASTM D3767-84. Standard sheets may not
require buffing or skiving. Die D is to be used only when a specimen is too narrow to use Die C.

3.2.2.7.4 The minimum of three measurements is to be used as the thickness of the sample. A
micrometer or equivalent is to be used for measuring flexible cellular material as specified in the Standard
Specification for Flexible Cellular Materials — Sponge or Expanded Rubber, ASTM D1056-91.

3.2.2.7.5 A bench marker, if required, is to be as specified in the Standard Test Methods for Rubber
Properties in Tension, ASTM D412-92.

3.2.2.7.6 The tensile test equipment is to be as specified in the Standard Test Methods for Rubber
Properties in Tension, ASTM D412-92.
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3.2.2.7.7 An extensometer, scale, or other device is to be capable of indicating the elongation with an
accuracy of 5 mm (0.2 in).

3.2.2.7.8 For elongation, two benchmarks, 25 mm (1 in) apart, are to be marked on the central portion of
each specimen. If an extensometer is used that does not require bench marks, the bench marks may be
omitted.

3.2.2.7.9 Tensile strength and ultimate elongation of the samples are to be determined in accordance
with 3.2.2.7.10 — 3.2.2.7.13 using a power-driven testing machine as specified in the Test Methods for

Rubber Properties in Tension, ASTM D412-92.

3.2.2.7.10 The rate of travel of the power-actuated grip is to be:

a) 127.

b) 508.

3.2.2711 TH
device indicati

D £6.4 mm (5 £1/4 in) per minute for Composite Gasket Material, and

D £25.4 mm (20 %1 in) per minute for all other gaskets and seal materials:

e elongation, if required, is to be measured by means of a_scale, extenson
hg the elongation with an accuracy of 2.5 mm (0.1 in).

3.2.2.7.12 Egach sample is to be placed in the grips of the powerdriven testing machin

benchmarks 3
specimen taut
rupture. Durin
of rupture to th

3.227.13 C
formulas. Spe
exposure.

a) Teng

b) Crog

re between and not covered by the grips. The movable grip is to be adjuste
but not under tension. The grips are to be separated at the rate specified in 3
) separation, the distance between benchmarks.is to be measured and records
e nearest 2.5 mm (0.1 in).

blculations are to be made for each-of'the specimens and averaged using
cimen measurements for the calculation of the area are to be made befq

ile strength, psi equals F/AWwhere:

F is the maximum observed force in pounds; and

A is the cross-sectional area of the unstressed specimen in inches-squared. S
s-sectionalarea of die-cut or straight specimen equals W x T where:

W is the_width of the constricted portion of the die-cut or straight specimen in il

eter, or other

e so that the
i to make the
.2.2.7.10 until
ed at the point

the following
re aging and

ee (b) — (e).

iches; and

T.isythe minimum thickness of the specimen in inches.

c) Cross-sectional area of tubular specimen equals 0.7854 (D? - d?) where:

D is the outside diameter in inches; and

d is the internal diameter in inches.

d) Cross-sectional area for irregular shaped specimens equals W/ 163.87G where:

W is the grams mass (to the nearest 0.005 g) of a specimen length or lengths totaling 254

mm (10 in);

G is the specific gravity of the compound determined by means of the following: G = W, /

(W, + W5 — W,) in which:

W, is the gram mass on the balance pan of the specimen (tfo the nearest 0.005 g),
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W is the gram mass of the fully immersed specimen and its partially immersed suspending

wire (to the nearest 0.005 g); and
W3 is the gram mass of the partially immersed suspending wire.

See the Test Method for Specific Gravity and Density of Plastics by
ASTMD792-91 for details and explanation.

e) Elongation percent equals [(L - L,) / L,] x 100 in which:

L is the measured distance between the bench marks at rupture; and

L, is the original distance between the bench marks.

Displacement,

3.2.2.8 Brelking strength and tear resistance tests

3.2281 Tw
Twelve sampl
samples in th

3.2282 Tw
direction and
Tests specifie
required in S¢g
Tear Resistan

3.22.83 Th
shall not be |
subjected to @

3.2.2.8.4 Br
unconditioned
Instron testing
are then to bg

3.22.85 Te
cut of both th
jaws of an Ing|
The jaws are

enty four samples of a flexible material each 4 by 8 in (122 by 244(cm) are t
es of material are to have the longer dimension in the warp direction-and the o)
b woof direction.

elve samples that have not been conditioned, 6 with the longer dimensio
6 in the woof direction are to be subjected to the Breaking Strength and T¢
d in 3.2.2.8.4 and 3.2.2.8.5. The other 12 samples)are to be subject to the ¢
ctions 4 and 5 for the particular component andthen subjected to the Breakin
ce Tests specified in 3.2.2.8.4 and 3.2.2.8.5.

bss than 50% or the force required to break and tear the test samples that
onditioning.

baking strength is to be measured on 12 samples, 3 warp cut and 3 woof ¢
and conditioned specimens. Each specimen is to be mounted between t
machine with a 25.4 by'25.4-mm (1 by 1-in) area gripped by the flat jaw surfe
separated at a rate.0f.12 in/min until the material breaks.

br resistance,is\to be measured on 12 previously untested samples, 3 warp ¢
b unconditioned and conditioned specimens. Each specimen is to be mounte

hen to'be separated at a rate of 2 in/min until the material tears.

b be prepared.
ther half of the

n in the warp
ar Resistance
onditioning as
j Strength and

e force required to break and the force,required to tear the test samples after conditioning

have not been

ut of both the
he jaws of an
ces. The jaws

ut and 3 woof
d between the

tron testing machine with a 25.4 by 25.4-mm (1 by 1-in) area gripped by the flat jaw surfaces.

3.2.2.9 Poly

3.2.2.91

Imeric sheet material impact test

Three samples of a rigid polymeric material are to be cut into squares of 31 by 31 cm (12 by 12

in). Each square of material is to be secured to a pine wood frame of 25 mm (1 in) by 50 mm (2 in) trade
sized wood having the same outside dimensions by wood screws at each corner and at the center point of
each side. Three samples are to be subjected to a 7 J (5 ft-Ib.) impact created by dropping a steel sphere,
51 mm (2 in) in diameter and weighing 0.54 kg (1.18 Ibs.), from the height necessary to produce the
desired impact force. The steel sphere is to be suspended by a cord and swung as a pendulum from the
prescribed distance or dropped through the vertical distance necessary to produce the desired impact

force.

3.229.2 Th

ere shall be no cracking or breaking as a result of the impact.
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3.2.2.10 Flexibility and hardness test

3.2.2.10.1 The hardness test is to be conducted on solid elastomer, the elastomer portion of coated
fabrics and thermoplastic material and shall not show a reduction of flexibility or hardness of greater than
10 units between unconditioned and after conditioning.

3.2.2.10.2 The apparatus is to be as specified in the Standard Test Method for Rubber Property —
Durometer Hardness, ASTM D2240-91 and Tests for Rubber Deterioration in an Air Oven, ASTM D573-
88.

3.2.2.10.3 Three samples are to be as specified in the Standard Test Method for Rubber Property —
Durometer Hardness, ASTM D2240-91. Three samples are to be subjected to the test procedure

described in 3]

322104 T

e
Hardness, ASITM D2240-91. The samples are to be placed in a 23 +2°C (73 £3:6°F) ambie

1/2 h before b
3.2.2.11 Corn

322111 TH

portion of coafed fabrics and both open and closed flexible cellular material. The deflection

in3.2.2.11.2 —

2.2.10.4.

test is to be as specified in the Standard Test Method for Rubber Property

ing tested. The hardness is the average results of the 3 samplest
hpression set test

e compression set test is to be conducted on sqlid* elastomer material,

3.2.2.11.6 shall be no greater than 50%.

3.2211.2 TH
Compression

Standard Spe
open and clos

3.2.211.3 TH
discs cut from

a) The
elaston

b) The
D1056

3.2.2.11.4 F(

e apparatus is to be as specified in the(Standard Test Methods for Rubb
Set, Method B, ASTM D395-89 (1994 ).for solid elastomer materials and as s
Cification for Flexible Cellular Materials)— Sponge or Expanded Rubber, ASTM
ed flexible cellular material.

ree specimens are to be prepared for each test. The specimens are to be T
sheet material as specified'in:

Standard Test Methods for Rubber Property — Compression Set, ASTM D39
ner materials, and

Standard Specification for Flexible Cellular Materials — Sponge or Expanded R
91, for openrand closed flexible cellular material.

r solid elastomer material the test is to be as specified in Method B, in the

— Durometer
nt for at least

e elastomer

h
zlas determined

er Property —
pecified in the
D1056-91 for

ype 1 or plied

-89, for solid

ubber, ASTM

Standard Test

Methods for R

ubber Property — Compression Set, ASTM D395-89. The deflection is to be

25% and the

test time and temperature are to be 22 £+1/2 h at 70 £1°C (158 £1.8°F). The recovery period is to be 30 min
at 23 £2°C (73.4 £3.6°F).

3.2.2.11.5 For open and closed cell material the test is to be as specified in the Standard Specification
for Flexible Cellular Materials — Sponge or Expanded Rubber, ASTM D1056-91. The test time is to be 22

£1/2 h.

a) For open cell materials the temperature is to be 70 £1°C (158 +1.8°F). The recovery period is to
be 30 min at 23 +2°C (73.4 +3.6°F).

b) For closed cell materials the temperature is to be 23 +2°C (73.4 £3.6°F). The recovery period is
to be 24 h at 23 £2°C.

3.2.2.11.6 The average percent compression set is to be calculated as follows:
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where:

(ty— 1)

Compression set,% = x 100

tO K

t, = Original thickness,

t; = Thickness of specimen after specified recovery period, and

t,=Th
32212 Ad

3.2212.1 T]
together by 3
3.2.2.12.2.

3.2.2.12.2 T
another are t
divided into 6
conditioning:

a) Pla

b) PIg
condit

c) Pla
forap

d) Pla
e) Pla
hina

tempe

f) Plac

3.2.2.12.3
layers of the

After each conditioning cycle, the samples are to be allowed to cool to room ten

ickness of spacing bar used.

$

ivetaminations-bond |

he average force to separate both unconditioned samples and conditioned’sg
dhesive shall not decrease by more than 50% when subjected to-the’testir

hirty samples of a material relying on adhesive to secure laminated layers or ¢
b be prepared for evaluating the reliability of an adhesive<bond. The 30 sam
groups of five samples. Each group of five samples is to be subjected tq

ed in room ambient conditions with no other conditioning;

ced in an air-circulating oven with the ovéen temperature set to 118°C
oned in the oven for 300 h;

ed in a humidity chamber set to a.humidity of 95 to 100% at a temperature o
eriod of 7 days;

ed in a refrigeration unit set'to'a temperature of —-35°C (-31°F) for a period of

ted for 24 h in a 60°C (140°F) ambient, then immersed in 25°C (77°F) water f
-35°C (-31°F) ambient, followed by 96 h in a 95 to 100% humidity atmos
Fature of 35°C (95°F); and

ed in a 252Cy(¥7°F) ambient during the duration of the other conditioning.

aminated material, or the parts being adhered together, are to be separated

mples bonded
g specified in

ne material to
ples are to be
the following

244.4°F) and

 60°C (140°F)

P4 h;

br 24 h, then 8
bhere set to a

hperature. The
sufficiently to

shall then be

allow a 1 by

n“area to bhe mounted-into the Jin\/«/c of an lnstron fncfing machine.The jn\Al

separated at a rate of 0.5 in/min. The force required to separate the laminates from the body of the
material is to be recorded.

3.2.2.13 Torque, bending moment and conduit pullout tests

3.2.2.13.1 Three 31 by 31 cm (12 by 12 in) samples of rigid polymeric material are to be provided in the
minimum thickness to be used. The samples are to be mounted to a 4 by 1-1/2 in trade size outlet box. An
open hole sized to accommodate a trade size 2-in conduit fitting is to be made in the center of the sample
at a point that is also the center of the outlet box. A trade size 2-in conduit fitting with a 2.4-m (8-ft) length
of conduit secured to it, is to be inserted into the open hole and secured in the manner intended. The
sample is to be mounted so that the surface of the sample to be tested is vertical to the ground. A torque of
200 Ib-in is to be applied to the conduit for one minute. The test is to be repeated applying sufficient weight
to the conduit to result in a 300 Ib-in bending moment being applied to the union between the conduit fitting
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and the sample surface. The test is to be repeated with a 200 Ib (890 N) force applied to the conduit
normal to the surface of the material for 5 min.

3.2.2.13.2 The material shall continue to secure the conduit and fitting in place and not crack or

permanently d

istort after the application of the torque and bending moment.

3.2.2.14 Component support test

3.2.2.14.1

Three samples of a panel material having the minimum material thickness intended for

component support shall, after being subjected to the component support test, not show any sign that the
material stripped from the threads in the panels.

3.2.214.2 The shortest coarse threaded sheet metal screw anticipated for mounting of conj

be used to seq
possible using
force of 3.4 J

again drawn u

ure component parts to each panel. Each sheet metal screw shall be drawmnu
a 20.3 cm (8-in) screwdriver having a blade of the proper type and ‘sized a
30 Ibf-in). The screws are to be then withdrawn and reinserted againlinto eag
b as tightly as possible. The screw is then to be removed and eaéhypanel mate

to determine that the threads have not been displaced and each screw examined to deter

panel material
3.2.2.15 Ele

3.22.151 O
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surrounding a
least 101 mm
sample, a 50
against the su
side of the alu
center into wh
each plate is t
ground referer

has been deposited between the threads of the screws.
Ctrostatic field material test

ne test sample of each color of material consisting*of a flat sheet of the polymg
suring 101 by 101 mm (4 by 4 in) of the same thickness as the thinnest porti
high voltage conductor is to be obtained.cThe sample is to be placed in an
(4 in) of air space is provided from any ‘ground plane. To the center of ea
by 50 mm (2 by 2 in) by 6.4-mm (025-in) thick square plate of aluminum is
[face of the test sample with only the force necessary to make contact with the
minum plate facing away from'the material is to be provided with a slight dep
ich a rigid copper alloy, 3.2-mm (0.125-in) diameter probe is placed. Throug
b be connected by 15 k\-rated GTO cable to the output of a 15 kV, 30 mA, 6
ced neon transformer.

322152 T

e primary voltage of the transformer supply is to be adjusted to result in a vo

ponents shall
p as tightly as
nd applying a
h sample and
rial examined
mine whether

ric material to
bn of the area
brea where at
h side of the
to be placed
material. The
ression in the
h the probes,
D Hz midpoint

tage of 15 kV

being applied [between the plates. The transformer shall be operated with the opposing oditputs applied

between the
physical degr:

3.22153 A
material by a

ates for 60'days. After 60 days the sample is to be removed and visually exa
dation.

mined for any

the polymeric

dieleetric voltage withstand test is to be conducted after conditioning across

obes shall be

brass rods located on opposite sides of the test sample in the center and then at a point where the corner
of the aluminum plate was against the test sample. The brass rods shall have 1/2-in diameter spherical
heads that press onto the surface of the test sample with no more force than is necessary to make contact
with the material. The test voltage is to be applied between the brass rods on each side of the test sample
and maintained for one minute.

3.2.2.15.4 There shall be no permanent degradation of the material after conditioning and no dielectric
breakdown of the material to be considered acceptable.

3.2.2.16 Material dielectric voltage withstand test

3.2.2.16.1 An insulating material between current carrying parts or an insulating material used to prevent
user contact with live parts shall, with out any indication of dielectric breakdown, withstand a dielectric
voltage-withstand potential applied across the material and combination of material and air. When a


https://ulnorm.com/api/?name=UL 879 2022.pdf

APRIL 22, 2022 UL 879 83

material is insulating between live parts having a potential difference of 1000 V or less or preventing user
contact to a voltage of 1000 V or less, the test shall be as specified in 3.2.2.16.2. When a material is
insulating between live parts having a potential difference of greater than 1000 V or preventing user
contact to a voltage of greater than 1000 V, the test shall be as specified in 3.2.2.16.3.

3.2.2.16.2 An insulating material shall withstand a dielectric voltage-withstand potential of 1000 V plus
two times the maximum potential voltage difference between the live parts insulated from each other. The
dielectric voltage shall be raised gradually, within 10 s, to the test voltage and the test voltage maintained
for one minute. During the test, there is to be no indication of dielectric breakdown.

3.2.2.16.3 An insulating material shall withstand a dielectric voltage-withstand potential of 1750 V plus
1.25 times the maximum potential voltage difference between the live parts being insulated from each
other. The diglectric voltage is to be raised gradually, within 10 s, to the test voltage and.the test voltage
maintained fof one minute. During the test, there is to be no indication of dielectric breakdown.

3.2.2.17 Water immersion test

3.2.2.17.1 The immersion test is to be conducted on samples of each calor of a formed|sample of the
polymeric material that is to be covered or test samples of each color of material to be covered.

3.2.2.17.2 Three samples of the finished part are to be dried in-a,’ealcium chloride desictator for 24 h,
then weighed and immersed in distilled or deionized water at’ 70 £1.0°C (158.0 £1.8°F) for 7 days.
Following the|immersion conditioning, the samples are to be wiped free of surface water and weighed to
determine thg amount of moisture that was absorbed.

3.2.2.17.3 The test samples shall not increase in weight by more than 10%.

3.2.2.18 Icing test

3.2.2.18.1 An enclosure material intended to be flexed when exposed to wet locations ghall while ice
laden be ablg to be flexed as intended ;without damage to the material. The enclosure material shall be
undamaged dfter the ice has melted.

3.2.2.18.2 he enclosure is'to-be mounted in a room that can be cooled to minus 6.7°C (RO°F). A metal
test bar, 25.4 mm (1 inch) in diameter and 610-mm (2-ft) long, is to be mounted in a horizontal position in a
location wherg it will receive the same water spray as the enclosure being tested. Provisjons are to be

W aintaining the
room temperature at 0. 56 2. 8 C (33 37 F). The room temperature is then to be lowered to minus 6.7 —
minus 2.8°C (20 — 27°F) while continuing the water spray. The rate of change in the room temperature is
not critical and is to be whatever is obtainable with the cooling method employed. The water spray is to be
controlled to cause ice to build up on the bar at a rate of approximately 6.4 mm (1/4 in) per hour and is to
be continued until 19 mm (3/4 in) of ice has formed on the top surface of the bar. The spray is then to be
discontinued, but the room temperature is to be maintained at minus 6.7 — minus 2.8°C (20 — 27°F) for 3 h
so that all parts of the enclosure and the ice coating have reached the same temperature.

3.2.2.18.3 The sample is to be flexed to operate the mechanism through its full length of travel. If
necessary, a hand tool may be used to remove ice to gain access to the enclosure material. The use of the
hand tool shall not result in functional damage to the enclosure or the mechanisms.
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3.3 Inorganic, nonmetallic tests

3.3.1 Impact test

3.3.1.1 Three samples of a component having an inorganic, non-metallic material shall be subjected to a

4.1 J (3 ft-Ib.) impact. The impact is to be produced using a steel sphere 51 mm (2 inch) in diameter and
weighing 0.54 kg (1.18 Ib.) from a height of 775 mm (30.5 in) on any surface that is exposed. There shall

be no breaking or cracking as a result of the impact.

3.3.2 Enviro

3.3.2.1 Thre

nmental conditioning test

samples of the compaonent having an inarganic, non-metallic material shall b

immersed in

distilled or dei
the samples &
(104°F) for 24
a 100°C (2121
into an ambie
samples are tq
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withstand test

3.3.3 Therm
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al shock test
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F) ambient for 24 h. After 24 h in a hot ambient, the samples are to-be place
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specified in 3.4.2.5.
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ectric voltage
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parts and deadl metal that is intended to house a heat prediicing component such as a neon fube electrode

shall be heate
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(41 £1.8°F) wa
to reach the rg
rate that is co
have:

H to 120°C (248°F) in an air circulating oven. The sign component, with insulat
n be subject to 1 gallon of water having a temperature of between 1°C (33°F
ter. The temperature of the water is\to be obtained by adding enough ice to a
quired temperature. The wateriin-the sprinkling can is to be poured over the cq
htrolled by the disc at the end:of the spout until the water is gone. The sprink

pacity of at least 1 gallon (3.79 L);
out with a minimum disk diameter of 76.2 mm (3 in); and

past 50 holes, each with a minimum diameter of 2.0 mm (0.079 inch) in
riate.

ng material in
F) and 5 +1°C
sprinkling can
mponent at a
ling can shall

the disk; as

conditioning, the samples shall comply with the dielectric voltage withstand te

st specified in

a)Aca
b) A sp
c) At |
approp|
3.3.3.2 After
3.4.2.5.
3.4 Product

tests

3.4.1 Material tests

3411

3.4.1.11

Mold stress relief distortion test

A polymeric enclosure and a wet location polymeric sign body material shall, after being

subjected to the conditioning specified in 3.4.1.1.2, comply with the applicable enclosure or sign body
requirements specified in 4.13 — 4.14.

3.4.1.1.2 Three samples are to be conditioned in a full-draft circulating-air oven for 7 h at 10°C +£1.0°C
(18°F £1.8°F) higher than the required minimum temperature rating from Table 4.3 part 2, or the maximum
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operating temperature of the polymeric material to be tested, or 70°C (158°F), whichever is greater. After
conditioning, any distortion of the polymeric material is to be evaluated for compliance with enclosure
requirements specified in 4.14. Following conditioning, wet location polymeric sign bodies are to be
subjected to the Rain Test specified in 3.4.1.9.

3.4.1.2 Knockout test
3.4.1.2.1 A knockout provided in an enclosure shall remain in place and the clearance between the
knockout and the opening shall not be more than 0.25 mm (0.010 in) when measured 1 h after removal of

the application of the force specified in 3.4.1.2.2.

3.4.1.2.2 A force of 4.5 kg (10 Ib) shall be applied to a knockout for 1 minute by means of a 6.4-mm
(0.25-in) diar%’eter mandrel with a flat end. The force is to be applied in a direction perpehdicular to the

plane of the khockout and at the point most likely to cause movement. The knockout shall'remain in place
and the clearance between the knockout and the opening shall not be more than the)maximpum open hole
size specified|in 2.4.1.1 and Table 2.6 when measured 1 h after removal of the for¢e;

3.4.1.3 Strajn relief test
3.4.1.3.1 General

3.4.1.3.1.1 The strain relief means for a power supply cord shall withstand the pull specified in
3.4.1.3.2.1 and for a field wiring lead shall withstand the«pull specified in 3.4.1.3.3.1 [without being
displaced and without damaging the insulation on the power stpply cord and field wiring lead.

3.4.1.3.1.2 A strain relief means that relies on a polymeric material for strain relief shall be subjected to
the strain relig¢f test both before and after being subject to the mold stress relief distortion test specified in
3.4.1.1.

3.4.1.3.1.3 The pull on the leads or power supply cord is to be applied by a weight suspgnded from the
cord, or lead.|The component with thé strain relief means is be supported so that the straip relief means
will be stressgd from any angle the construction of the unit permits.

3.4.1.3.2 Pgwer supply cord
3.4.1.3.2.1 The straindelief means for a power supply cord shall withstand a direct pull of 156 N (35 Ib).

3.4.1.3.3 Fi¢ld wiring lead

3.4.1.3.3.1 The strain relief means for a field wiring lead shall withstand a direct pull of 89 N (20 Ib).
3.4.1.4 Self-threading screw torque test

3.4.1.4.1 A self threading screw that is required to be tightened during installation shall be able to
withstand a tightening torque of 3.49 N-m (30 Ibf-in) without resulting in the screw threads stripping or
being pulled from its anchorage.

3.4.1.5 Terminal tests
3.4.1.5.1 Pressure wire terminal test

3.4.1.5.1.1 There shall be no indication that a conductor end is damaged or cut in any way and no
damage to a pressure wire terminal or its mounting as a result of being subjected to the testin 3.4.1.5.1.2.
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3.4.15.1.2 A pressure wire terminal shall be tested with the maximum rated and the minimum cross
section conductors. The pressure wire terminal or terminal block onto which it is mounted is to be mounted
using its normal mounting means. A conductor of the maximum rated cross section is to be inserted in the
terminal assembly and a conductor of the minimum cross section of the connector capacity (when
specified) in another terminal assembly, and the clamping screws tightened to 2-Nm (18-Ib-in) torque. The
clamping screws are then to be unscrewed and new conductors inserted, and the screws tightened as
previously specified. The test is to be repeated five times using the same clamping units and five new
conductors for each terminal.

3.4.1.5.2 Solid-wire tightening test

3.4.1.5.2.1 Application of the normal clamping action of a wire-binding screw and stud-and-nut type
terminal, shall|not impair the integrity of the joint.

341522 T
connection, th
causing (a) or,
terminal bloch
accommodate

a) The

b) Danj

3.4.1.5.3 Tenminal assembly terminal block test

341531 H
damaged in a
assemblies, th

341532 H
minimum cros
A conductor

conductor of t
assembly, and
be unscrewed
to be repeated

b determine that normal clamping action, as intended, does not impair'the
e binding member is to be tightened on a solid wire to the torque of 1¢8)Nm (16
(b). The wire is to be of the maximum and minimum sizes intended to be cor

and is to be formed into a three-quarter loop of a size that is capa3
d by the assembly.

wire to be forced from the connector or

age to any part of the terminal block.

ollowing the test described in 3.4.1.53.2, the conductor ends shall not
ny way that prevents their further usé€; and no damage shall have occurred t
e terminal block, or the mounting-means.

or this test, a terminal assembly is to be supplied for both the maximum
5 section conductors. The terminal block is to be mounted using its normal mo
bf the maximum rated -cross section is to be inserted in the terminal asg
he minimum cross\section of the connector capacity (when specified) in an
the clamping screws tightened to 2-Nm (18-Ib-in) torque. The clamping scre

integrity of a
Ib-in), without
nected to the
ble of being

be cut off or
b the terminal

ated and the
inting means.
embly and a
pther terminal
vs are then to

and new conductors inserted, and the screws tightened as previously specifi¢d. The test is

five times using the same clamping units and five new conductors for each ter

3.41.6 Imth test

minal.

3.4.1.6.1

Three samples of a component for use in dry locations having a polymeric enclosure or sign

body shall be subjected to impact testing in an ambient of 25°C + 5°C (77 +£9°F). Three samples of a
component intended for use in damp or wet locations shall be cooled to a temperature of minus 35.0
+2.0°C (minus 31.0 £3.6°F) and maintained at this temperature for 3 h after which the components are to
be impact tested while still cool from conditioning.

3.4.1.6.2 The component samples are to be impacted as shown in Figure 3.7 while mounted in their
intended manner. A force of 4.1 Nm (3 ft-Ib) is to be applied on any surface that can be exposed to a blow
during intended use. This impact is to be produced either by dropping a steel sphere, 50.8 mm (2 inch) in
diameter and weighing 0.54 kg (1.18 Ib), from the height necessary to produce the desired impact force or
the steel sphere is to be suspended by a cord and swung as a pendulum, dropping through the vertical
distance necessary to produce the desired impact force.
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Figure 3.7
Impact test
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3.4.1.6.3 No

opening shall result that:

a) Exceeds the size limitations for an open hole in an enclosure as specified in 2.4.1.1 and Table

2.6,

b) Allows access to current carrying parts by the accessibility probe specified in 2.4.1.6, and

c) Reduces spacings to less than those specified in 2.15.

3.4.1.7 Accessibility barrier test

3.4.1.7.1
current-carryin

a-narte raauiradto-be-inaccessibletothe nrobaein2 4 1 8 or reducae-spacinas
SgHHea—+to-ve-Hia PHE-t0-tHE-Prove-H=4—10-0FH8atca-5pPa6iigSs

An accessibility barrier shall not permanently or temporarily distort, break or crack exposing

to metal parts

less than requ
the barrier.

3.4.1.8 Poly

gpPortot

red in 2.15 with the application of a force of 44.5 N (10 Ib) over an area of 645

meric component mounting and support test

34181 Th

material to hold itself in place shall after conditioning and with a weight. applied remain s
supporting surface.

3.4.18.2 Th
manufacturer’
ina 70°C (21
freezer at min
weight as spe
member for a

3.41.9 Rain

34191 A
3.4.1.9.5 withg

3.4.1.9.2 Du
only one orien
a position mos

ee samples of a component provided with a mounting means that relies o

components are to be installed to the intended\stipporting surface in accord
5 installation instructions. The samples and supporting surface are to be cond
F) air circulating oven. After oven conditioning, the assemblies are to be co
s 35°C (minus 37°F) for a period of 4 h.:After the conditioning period and wh
cified in Sections 4 and 5 for a specificccomponent shall be suspended from {
beriod of one minute.

test

component shall withstand a simulated rain produced in accordance wit
ut allowing the entrance of water onto live parts.

ing the test, uhless the construction and intended use of the sign componer
tation is likely.regardless of any markings provided, each sample tested shall
t likely tofesult in the wetting of live parts.

3.4.1.9.3 ThI rain test apparatus is to consist of three spray heads mounted in a water su

as shown in Flgure 3.9. Spray heads are to be constructed in accordance with the details sh

cm? (1in?) to

N a polymeric
ecured to the

ance with the
tioned for 7 h
nditioned in a
ile still cold, a
he supporting

h 3.4.1.9.2 —

t is such that
be oriented in

bply pipe rack

own in Figure

3.8. The assembly is to be positioned in the focal area of the spray heads so that the greatest quantity of
water is likely to enter the component. The water pressure is to be maintained at 34.5 kPa (5 Ib/in?) at each

spray head.
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Figure 3.8
Spray head
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Figure 3.9
Spray head piping
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3.4.1.9.4 The assembly is to be subject to the water spray for a total of 4 h. During the 4 h the assembly
is to, when appropriate, be energized and unenergized in the following sequence:

a) Hour 1 — Unenergized;
b) Hour 2 — Energized, Normal Operation;
¢) Hour 3 — Unenergized; and then

d) Hour 4 — Energized, Normal Operation.

3.4.1.9.5 After rain conditioning, no wetting of current carrying parts is an acceptable result.

3.4.1.10 Fastening securement test

3.4.1.10.1 ix samples of a component provided to be adjustable by physical fit'and fric
adjusted as irftended with 3 samples adjusted to the maximum adjustment and 3\samples t
adjustment. After being adjusted to the minimum and maximum range of)adjustmen
mechanism pfovided is to be locked into position. The components are to_be\conditioned fo
(21°F) air circplating oven. After oven conditioning, the same samples are to be conditioned
minus 35°C (ninus 37°F) for a period of 4 h. After the conditioning period’and while still cool
2 b (0.92 kg) is to be applied to the component in a direction that\is most likely to test th
adjustment to| maintain its original position. The weight is to be applied in a direction that wg
any locking nmechanism, unless that locking mechanism can:be disengaged merely by thd
provided in the direction of the anticipated force that would be“applied in a field application.

tion are to be
b the minimum
, any locking
r7hina70°C
in a freezer at
ed, a weight of
e ability of the
uld disengage
applied force
The force is to

be applied to pach sample for a period of one minute and.shall not disengage any locking rmechanism and

shall not cause the adjustment to change from its set position.

3.4.1.11 Retention test

3.4.1.11.1 Neon electrode enclosure.to neon tube electrode
3.4.1.11.11

the neon elec
in3.4.1.11.1.2

A neon electrode enclosure shall withstand a pulling force of 0.44 kg (1 Ib) applied between
rode enclosure and:neon tube electrode without displacement when assembled as specified
| and subjected to.the testin 3.4.1.11.2.3.

3.4.1.11.1.2 |Three neon tubes of the appropriate size for the neon electrode enclosure ar¢ to be inserted
into the neon |electrode)enclosure to a depth that is representative of the depth of installatign had a splice
connection tola GTOcable been made. The assemblies are to be tested without GTO cable in place and

therefore, Witirout a’splice having been made between the neon tube electrode and GTO catrle.

3.41.11.2 GTO sleeving, GTO cable with integral sleeving, conduit plug or GTO cable assembly to
neon electrode enclosure

3.4.1.11.2.1 GTO sleeving, GTO cable with integral sleeving, a conduit plug assembly or GTO cable
assembly shall withstand a pulling force of 0.44 kg (1 Ib) applied between a neon electrode enclosure and
GTO sleeving, GTO cable with integral sleeving, a conduit plug assembly or GTO cable of the intended
diameters without being displaced when assembled as specified in 3.4.1.11.2.2 and subjected to the test
in3.4.1.11.2.3.

3.4.1.11.2.2 Each of three lengths of GTO sleeving with GTO cable within the lengths, three lengths of
integrally sleeved GTO cable, three conduit plug assemblies with GTO cable within the conduit plug
assembly or three cable assemblies are to be inserted into the designated opening of a neon electrode
enclosure or over the top of the neon electrode enclosure fitting intended to accommodate the GTO
sleeving, GTO cable with integral sleeving, conduit plug assembly or GTO cable assembly. A neon tube
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electrode of the appropriate size is to be inserted into the neon electrode enclosure with no connection
between the neon tube electrode leads and GTO cable within the GTO sleeving, GTO cable with integrally
sleeving, GTO cable within the conduit plug assembly or cable assembly. The assembly is to be tested in
accordance with 3.4.1.11.2.3.

3.4.1.11.2.3 Each assembly is to be conditioned in an air circulating oven set to 50°C (122°F) for a period
of 7 h before applying the force. Each assembly is to be secured at each end in a manner that does not
result in either part being deformed where they interface with each other. A pulling force of 0.44 kg (1 Ib) is
to be applied uniformly between the two ends of each assembly for one minute.

3.4.1.12 Flexing test

3.4.1.12.1 Three samples of a component enclosure intended to be flexed during normalruge or servicing
shall not be dgmaged, cracked or torn as a result of being flexed through 50 cycles of the [mgximum length
of travel permitted by its construction. One cycle consists of moving from one exfreme gosition to the
opposite position and back to the starting position.

3.4.1.13 Material adhesion
3.4.1.13.1 General

3.4.1.13.1.1 [The average bond strength between two materials/bonded by adhesive shal| decrease no
more than 50P% after conditioning when compared to the, average bond strength before| conditioning.
Unless otherwise specified, all testing shall be conducted in"a standard laboratory atmosphere of 23.0
1+2.0°C (73.4 43.6°F) and 50 +5% relative humidity.

3.4.1.13.1.2 [The designated surfaces of the matefials to be bonded are to be prepared and the adhesive
applied in accprdance with the manufacturer’s_specification. The adhesive is to be cured in accordance
with the manufacturer’s specifications.

3.4.1.13.1.3 [The specimens are to bé subjected to applicable tests to determine the valudg of the critical
properties in the as-received condition. In the case of bond-strength evaluation, specimeng that break at
an obvious flayv remote from the adhesive line shall be discarded and a retest made. The avgrage value of
the property i to be computed.\This value is to be used for comparison with values of the §ame property
after the envirpnmental conditioning described in 3.4.1.13.1.8 - 3.4.1.13.5.2.

3.4.1.13.1.4 [Bix test’assemblies are to be prepared. Each assembly shall consist of 5 by 10 cm (2 by 4
in) strips of th¢ material to be tested adhered to separate pieces of the designated surface materials. The
surface materjal is\t6 also be 5 by 10 cm (2 by 4 in). Before adhesion to the designated sur|Tace material,
each strip shal-be:

a) Cleaned for direct adhesion, or

b) Prepared by applying a designated coating.

3.4.1.13.1.5 For a material intended to be adhered in a frame, six additional test assemblies are to be
prepared. Each assembily is to consist of a steel frame, aluminum frame, material and the adhesive to be
tested. The material is to be of the generic material type designated for the adhesive. The steel frame is to
consist of 2.54 by 2.54 cm (1 by 1 in) angle iron 0.64 by 0.64 cm (0.25 by 0.25 in) thick and when
assembled shall have an inside dimension of 31.75 by 31.75 cm (12.5 by 12.5 in) to the upright sides of
the angle iron frame. Two corners of each length of angle iron are to be outside-mitered and the four
pieces assembled as a frame. The un-mitered side of each angle iron is to be welded to the other angle
iron corners to form a frame. The aluminum frame is to consist of 90° aluminum angle pieces 2.54 by 2.54
cm (1 by 1in) that are 0.64 by 0.64 cm (0.25 in by 0.25 in) thick constructed into a frame having an inside
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dimension of 31.2 by 31.2 cm (12.25 by 12.25 in). The frame is to be mitered and assembled in the same
manner as the steel frame, except the corners of the aluminum frame are to be secured together by angle
brackets and screws. The aluminum frame is to then be secured into the steel frame by 8 screws; two on
each side located 5.0 cm (4 in) from each corner. The material to be secured to the frame by adhesive
shall measure 30.5 by 30.5 cm (12 by 12 in) or, if the manufacturer specifies the distance from the edge of
the material to the edge of the frame the material shall be sized to provide that distance to the frame. The
material shall be centered in the aluminum frame.

3.4.1.13.1.6 The inside surface of the aluminum frame is to be prepared in accordance with the
manufacturer's specification for fabrication. The surface preparation is to consist of coating the surface
with the material to which a sign face is to be adhered or removing all contaminating substances, oxide
films, oil, and dust from metal surfaces and the like in accordance with the manufacturer’s installation

instructions. € adhesive cannot be applied immediately, the ireshly cleaned suriages are to be
protected by & primer. The adhesive is to be applied by spray, brush, knife, or film in accorflance with the
manufacturer{s specifications. The temperature and pressure application during~bonding shall be in

accordance w

3411317

the manufac
accordance v
manufacturer

3.41.13.1.8
relative humig
temperature,
3.4.1.13.5.

3.41.13.2 E

3.4.1.13.2.1
from the resp

ith the adhesive manufacturer's specifications.

The material is to be similarly prepared to adhere to the aluminum frame in ag
urer's specifications. After the material has been secured to the alumi
ith the manufacturer's specifications, the adhesive is to-be cured in accorg
s specifications.

The test assemblies are to be conditioned forn40 h at 23.0 +2.0°C (73.0
ity of 50 £5% prior to testing. Three of the testassemblies are to be subjected
effect of humidity, effect of cold and effect @f cyclic conditions as specified

ffect of temperature

The three test assemblies are-to be conditioned for 1000 h at the oven tem
ective thermal-endurance-profile line in Figure 3.10, where the temperature

measured nofmal operating temperature of the adhesive, but not less than 60°C (140°F).

cordance with
hum frame in
ance with the

t+3.6°F) and a
to the effect of
n 3.4.1.13.2 —

perature taken
index T is the

3.4.1.13.3 Hffect of Humidity

3.4.1.13.3.1 [The same three test assemblies are to be conditioned for 7 days at 95 —[100% relative
humidity at 60.0 £1.07€(140.0 £1.8°F).

3.4.1.13.4 Hffect.of cold

3.4.1.13.4.1 The same three test assemblies are to be conditioned for 24 h at minus 33.0 £1.0°C (minus

31 +£1.8°F) for damp or dry location applications and at 0.0 +1.0°C (32.0 +1.8°F) for dry location

applications.

3.4.1.13.5 Effect of cold

3.4.1.13.51

The same three test assemblies are to be subjected to three complete

conditioning indicated in Table 3.7.

cycles of the

3.4.1.13.5.2 After the conditioning, the test assemblies shall be brought to and tested at room
temperature to determine the critical property values.
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Table 3.7
Cycling conditions
For dry location applications For damp and wet location applications
24 h at T followed immediately by at least 96 h at 35 +2°C (95 A minimum of 24 h immersed in 25 +2°C (77 +3.6°F) water;
+3.6°F), 90% relative humidity, followed by 8 h at 0 +2°C (32 followed immediately by 24 h at T followed immediately by at
+3.6°F) least 96 h at 35 +2°C (95 £3.6°F), 90% relative humidity;
followed by 8 h at minus 35 +2°C (minus 31 £3.6°F).

Note: T is the rated temperature, but not less than 60°C (140°F)

Figure 3.10
Conditioning time versus oven temperature for temperature index of adhesiyes
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3.4.1.14 Conformal coating

3.4.1.14.1 Three samples of a printed-wiring board without electrical components installed, and coated
with a conformal coating, shall be subjected to 2500-V AC dielectric voltage-withstand potential applied
between the conductors, followed in turn by (a) — (d). Samples used for this test are to be equipped with
leads already attached so that the test voltage is capable of being applied without disturbing the conformal
coating. There shall not be dielectric breakdown between conductors and there shall not be peeling of the

coating material due to the conditioning.

a) 168 h of a heating-cooling cycle, with each cycle to consist of 4 h in an air-circulating oven at a
temperature of 105°C (221°F), followed by 4 h at 25°C (77°F);

hof ovan r\nnrﬁﬁr\ning at100°C ('71 ')°|:)-
H-O+-EVBH-coRaeHHRgat—Tov “ )5

b) 168
c) 168
d) Ar
3.4.1.14.2 I
and coated W
humidity of 8§

be followed b
the sample re
breakdown ar

3.41.15 Du
3.4.1.151 S

they shall be
dampened wi

h of humidity conditioning at 85 +5% relative humidity and 65 +2°C (149 #40F)

bpeated dielectric voltage-withstand test at 2500 V AC.

addition, three samples of a printed-wiring board without electrical compor
ith a conformal coating, shall be subjected for 48 h to an-atmosphere ha

the application of a 2500-V dielectric voltage-withstand potential between co
mains in the humidity-conditioning atmosphere. Theré shall be no indication
d there shall not be peeling of the coating material due to the conditioning.

rability of stamped ink marking test

tamped ink markings shall be dried @t room temperature for at least five da
given one wipe with a cloth dampened with water, and then a second wip
h mineral spirits, without becoming illegible.

3.41.16 Ma

3.4.1.16.1
cuts through

king adhesion test

bst strips approximately 12.7-mm (1/2-in) wide are to be prepared by makir
he sample to the\test surface, using a sharp instrument such as a razor blad

require ) width. The valy

3.4.1.17 Spring contact elongation and compression test

3.4.1.17.1

released. The spring contact shall return to its original dimension.

!

I mm«(2.in) per minute, using a tension machine equipped with an automatic

and

ents installed,
ing a relative

1+2% and maintained at a temperature of 32 +2°C (90 +4¢E). The humidity conditioning shall

nductors while
of a dielectric

s, after which
e with a cloth

g two parallel
. Strips are to
s allows. One
for test. The
¢ angle and at
recorder. The
e obtained for

A spring contact shall be extended 50% greater that its at rest position dimension and

3.4.1.17.2 A spring contact shall be collapsed by compression to its minimum dimension and released.

The spring co

ntact shall return to its original dimension.
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3.4.2 Electrical tests

3.4.21

3.4.2.11

General

Unless otherwise specified, all tests are to be conducted with the sign component connected to

a rated frequency source of supply of 60 Hz when rating is AC. The test voltage of the source of supply is
to be adjusted to within 5% of the voltage and with the overcurrent protection rating specified in Table 3.8.

Table 3.8
Normal test voltages
Marked voltage rating Test voltage Overcurrent protection rating
11 - 12 Vac 12 Vac Maximum current frpm source
11 -15Vdc 14 Vdc 20A
110-130V 120 Vdc 20A
220-250V 240 Vac 20A
267 — 288V 277 Vac 20A
Other narked voltage Marked rating 20A
3.4.2.2 Input test
3.4.2.2.1 The current input shall not exceed 110% of the components rated value when connected to the

test voltage sp

34222 Ra
minimum. The
involved, unle
component.

3.4.2.2.3 Fol
normal load i
conditions of

limitations of an integral controller or the controller identified for use with the component.

34224 Aq
operating and
rated.

ecified in Table 3.8 and where applicable,.rated load.

ed load where applicable for a component, shall be a range of loads from
load shall incorporate the intended type of load where an impedance ty
s it can be determined that a registive load will not influence the output charac

an intermittent output.type component or a component with multiple outputs
5 considered to be _the load that approximates as closely as possible the
normal use. The (maximum duty cycle for each output is to be caused to oc

roduct that contains a motor other than a stepper motor, shall be tested in
a stalled=rotor condition. The input current under either condition shall not ex

maximum to
pe of load is
teristics of the

the maximum
most severe
cur within the

both a normal
ceed 110% of

3.4.2.3 Normal temperature test

3.4.2.31

rise limits specified in Table 3.9.

A product when mounted and operated as intended in service shall not exceed the temperature
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Table 3.9
Maximum temperature rises

Materials and components °C (°F)

1. On the outside of an enclosure intended to be secured or in contact with a building structure or a part of 65 (149)
a sign in contact with a building structure
2. Field-wiring conductors or any surface that is contacted by field-wiring 35 (95)
3. Field-wiring terminals 50 (122)
4. Coil insulation systems of a relay, a solenoid, or similar part not identified as having an insulation Class:

Thermocouple method 70 (158)

Resistance method 80 (176)
5. Transformer fnsulation systems not identified as having an insulation Class:

Thermocopple method 65 (149)

Resistanc¢ method 75 (167)
6. Class 130 co|l insulation systems of a relay, a solenoid, transformer or similar part:

Thermocopple method 85 (185)

Resistancg¢ method 95 (203)
7. Class 155 coll insulation systems of a relay, a solenoid, transformer or similar part;

Thermocopple method 110 (230)

Resistanc¢ method 150 (302)
8. Class 180 co|l insulation systems of a relay, a solenoid, transformer or similar part:

Thermocopple method 125 (257)

Resistanc¢ method 135 (275)
9. Class 200 coll insulation systems of a relay, a solenoid, transformer or similar part:

Thermocopple method 145 (293)

Resistancg¢ method 160 (320)
10. Class 220 cpil insulation systems of a relay;a'solenoid, transformer or similar part:

Thermocopple method 160 (320)

Resistanc¢ method 175 (347)
11. Class 250 cgil insulation systeris of a relay, a solenoid, transformer or similar part:

Thermocopple method 190 (374)

Resistanc¢ method 205 (401)
12. Capacitor (Unless rated, or marked otherwise) 65 (149)
13. Varnished-doth insulation 60 (140)
14. Fiber used as electrical insulation 65 (149)
15. Thermoset electrical insulation (phenolic, urea, and the like) 125 (257)
16. Wood or other combustible material 65 (149)
17. Fuse 65 (149)
18. Sealing or potting compound Rated
19. Power switching semiconductor case without manufacturer's de-rating curve 80 (176)
20. Power switching semiconductor case with manufacturer's de-rating curve Rated
21. Polymeric material, generic See 2.14.3
22. Neon electrode enclosure See 4.6

23.GTOcablei

nsulation and sleeving

80 (176)
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3.4.2.3.2 The values for temperature rise in Table 3.9 are based on an assumed ambient of 25°C (77°F),
and tests are to be conducted at an ambient temperature of 25 £15°C (77 £27°F).

3.4.2.3.3 Temperatures are to be obtained by thermocouples located on exposed surfaces unless the
resistance method must be used due to the coil being inaccessible for mounting thermocouples. Types of
such inaccessible coils include:

a) Coils immersed in sealing compound,
b) Coils wrapped in thermal insulation, and

c¢) Coils wrapped with more than two layers of insulating material more than 0.8-mm (0.03-in) thick.

3.4.2.3.4 Temperatures of a motor winding may be measured by placing a thermiocpuple on the
integrally-applled insulation of the winding coil wire or if the coil winding wireCisVinpccessible, a
thermocouple may be placed on the motor case.

3.4.235 Tern
a) The
b) The

c) Thrg
are not

3.4.2.3.6 Th¢ temperature rise of a winding is determined by the resistance method ac

formula showr

in which:
Atis th
R is thd

ris the

nperatures shall be measured after they have stabilized, when:
test has been running for a minimum of 7.5 h; or
test has been running for a minimum of 3 h; and

e successive readings taken at 15-min intervals are within 1°C (1.8°F) of on{
rising.

in the following equation.

R
A5 =kt 1)~ (k+ )

b temperature rise.of the winding °C
resistance*of the coil at the end of the test in ohms;

resistancé of the coil at the beginning of the test in ohms;

kis 23

e another and

tording to the

1.6 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of th

e constant for

other conductors are to be determined]

t; is the room temperature in °C at the beginning of the test; and

t, is the room temperature in °C at the end of the test.

3.4.2.3.7 Thermocouples shall have conductors no larger than 24 AWG (0.25 mm?) and no smaller than
30 AWG (0.05 mm?). Thermocouples shall comply with the requirements specified in the Standard Test
Method for Comparing EMF Stability of Single-Element Base-Metal Thermocouple Materials in Air, ASTM
STP 470B and thermocouples as listed in the table of the limits of error specified in the Thermocouple
Database, NIST ITS 90, or Tolerances on Initial Values of EMF versus Temperature tables in the Standard
Specification and Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples,
ANSI/ASTM E230/E230M. Thermocouple conductors smaller than 30 AWG (0.05 mm?) may be used for
miniature circuitry and components. The thermocouple junction shall be fused.
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3.4.2.3.8 |If referee temperature measurements are required, 30 AWG (0.05 mm?) iron and constantan
thermocouples and a potentiometer-type instrument shall be used.

3.4.2.3.9 A thermocouple junction and the adjacent thermocouple conductor shall be held in good
thermal contact with the surface of the material where a temperature is being measured. Tape alone shall
not be relied upon as a means to provide good thermal contact of the thermocouple junction. Acceptable
means of securing a thermocouple include water glass, cyanoacrylate, melting the tip into plastic,

soldering, or wedging between two surfaces.

3.4.2.4 Leakage current test

3.4.2.4.1
described in 3

The leakage current of a cord-connected component shall not exceed 0.5 mA when tested as

4.24.2-3.42.46.

34242 Le
conveyed bet

3.4.243 Th
supply condu

34244 Th
measurement
only indicate
meter used n

a) The
MF.

b) The
voltag

c) Ove¢r a frequency range of 0"to 100 kHz, the measurement circuit is to hav

respo|
1500-¢
measu

3.4.245 Ur
meter is to be

bkage current refers to all currents, including capacitively coupled currents
veen exposed conductive surfaces and ground.

e leakage current from all exposed dead metal surfaces is tosbe measured tg
Ctor.

e circuit for the leakage current measurement is t6"be as illustrated in Fig
instrument is defined in (a) — (c). The meter thattis actually used for a meag
he same numerical value for a particular measurement as would the defined ir
ed not have all the attributes of the defined instrument.

meter is to have an input impedance of 1500 Q resistive shunted by a capa

b across the resistor or current through the resistor.

D resistor shunted by a 0.15-uyF capacitor to 1500 Q. At an indication o
rement is not te-have an error of more than 5%t at 60 Hz.

less the meter is being used to measure leakage from one part of a product
connegted between an accessible part and the grounded supply conductor.

34246 A

sample of the product is to be tested for leakage current starting with th

, that may be

the grounded

ure 3.11. The
urement need
strument. The

titance of 0.15

meter is to indicate 1.11 times, the average of the full-wave rectified composie waveform of

P

-

a frequency

se ratio of indicated {o actual value of current that is equal to the ratio of the impedance of a

f 0.5 mA, the

o another, the

e as-received

condition — the as-received condition is without prior energizalion except as may occur as part of the
production-line testing but with the grounding conductor, if any, open at the attachment plug. The supply
voltage is to be adjusted to the product's maximum rated voltage. The test sequence, with reference to the
measuring circuit, Figure 3.11, is to be as follows:

a) With switch S1 open, the product is to be without load and connected to the measuring circuit.
The leakage current is to be measured using both positions of switch S2 and with the product
switching devices in all their operating positions.

b) Switch S1 is then to be closed, energizing the product, and within 5 s the leakage current is to be
measured using both positions of switch S2, and with the product switching devices in all their
operating positions.
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c) The leakage current is to be monitored until thermal stabilization. Both positions of switch S2 are
to be used in making this measurement. Thermal stabilization is obtained when maximum
temperatures by operation as in the normal temperature test are reached.

Figure 3.11

Leakage current measurement circuit

T< PRODUCT METER
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— TABLE

GROUNDED SUPPLY CONDUCTOR B
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Component intended for connection to a 120-V power supply
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24pV ==—

L120v L
1T GR

S1 > ; INSULATING

—— TABLE

GROUNDED SUPPLY CONDUCTOR B
L4200

Component intended for connection to a 3-wire, grounded.neutral power supply
A — Probe with ghielded lead

B — Separated gnd used as clip when measuring currents from one part of neon supply to another



https://ulnorm.com/api/?name=UL 879 2022.pdf

APRIL 22, 2022 UL 879 101

3.4.2.5 Dielectric voltage withstand test

3.4.2.5.1 General

3.4.2.5.1.1 A component shall withstand, without dielectric breakdown, a dielectric voltage applied
between live parts of opposite polarity and between live parts and dead metal parts. The application of the
dielectric withstand voltage is to be in accordance with 3.4.2.5.1.2 and 3.4.2.5.1.3. Components with
voltages of 1000 V and less are subject to the procedure in 3.4.2.5.2. Components with voltages greater
than 1000 V are subject to the procedure in 3.4.2.5.3.

3.4.2.5.1.2 The dielectric voltage-withstand test is to be conducted using a 500 VA or larger capacity
testing transformer, the output voltage of which is essentially sinusoidal and can be varied. The applied

potential is to

be increased from zero until the required test level is reached and is to beche

for 1 min. The¢ increase in the applied potential is to be at a substantially uniform rate'and
h its value being correctly indicated by a voltmeter. The tests are to be conducted at the rated

consistent wit
supply input f

342513
(polymeric en
material and ¢

3.4.25.2 Di
V)

342521 7
withstand with

a) 100

equency of the product unless otherwise noted.

'he dielectric voltage between current-carrying parts andan insulating
closure, barrier, or the like) shall be applied between metal*foil covering the
urrent carrying parts.

Id at that level
as rapid as is

type material
outside of the

blectric voltage withstand (for products with no‘gpérating voltages greater than 1000

A component is to be operated until in ash€ated condition and then in a heated condition,

out breakdown the application of a 60-Hz essentially sinusoidal potential of:

0 V plus twice the maximum rated ‘input voltage applied between the prim

dead-metal parts;

b) 100
secon

c) 100

0 V plus twice the maximum-rated input voltage applied between the primary
jary circuits of isolating trahsformers; and

D V between live and-dead metal parts of a motor.

3.4.2.5.3 Di

3.4.2.5.3.1

lectric voltage withstand (for products rated greater than 1000 V)

sample._is to be subjected to the application of a 60 Hz essentially sinusoidal

voltage specified, in. Table 3.10 for a period of 1 min. The potential shall be applied bsg
carrying parts~and the exterior surface of a component. For components such as n

ary circuit and

circuit and the

potential of the
tween current

eon electrode

enclosures, the current carrying parts are 1o be located when insfalled in accordance with the
manufacturer’s installation instructions and metal placed either on the other side of the material or on the
exterior of the component. The potential is to be increased at a uniform rate and as rapid as is consistent
from zero until the required voltage is reached or until breakdown occurs.

Table 3.10
Dielectric withstand potential

Rating in kV ac rms to ground Test potential in kV
2 6
3 8
5 12
6 14
7.5 17
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3.4.2.6 Ground continuity test

3.4.2.6.1 The resistance from any dead-metal part that is likely to become energized to the grounding
equipment means shall not exceed the resistance specified in Table 3.11 when tested in accordance with
3.4.2.6.2and 3.4.2.6.3.

3.4.2.6.2 An alternating or direct current of 30 A from a power supply of not more than 12 V shall be
passed from the point of connection of the equipment grounding means to a point in the grounding circuit
required to be bonded. The voltage drop and current between the two points shall be measured.

3.4.2.6.3 The resistance in ohms is to be calculated by dividing the drop in potential (in volts) by the
current (in amperes).

Table 3.11
Resistance to equipment grounding means

Point of equipment means to grounding supply Maximum resistance

Equipment groupding lead or terminal 0.1
Grounding pin of a 6-ft or less power supply cord 0.1
Grounding pin gfeater than 6-ft power supply cord 0.15

3.4.2.7 Abnormal tests

3.4.2.7.1 Geheral

3.4.2.7.11 normal operation tests shall be-\conducted as described in 3.4.2.7.1.2

Alb - 3.4.2.7.1.8,
followed by a dlielectric voltage-withstand test:as’described in 3.4.2.5.

342712 O
ground throug
white tissue p
The cheesecld
(1in?), acoun

342713 T
3.4.2.1.1 exce|

uring each abnormal test; the grounding means of the product is to be conneg
h a 3-A non-time-delay-fuse, the product is to be placed on a softwood surface
per, and a single layer of cheesecloth is to be draped loosely over the entir
th is to be untredted cotton cloth running 26 — 28 m?/kg (14 — 15 yd?/Ib) and fd
of 32 threads in.one direction and 28 in the other direction.

he supply‘circuit for components is to be connected to a supply source a
pt the-supply voltage for a dc rated input shall be as follows:

a)A 15

ted directly to
covered with
e component.
rany 6.5 cm?

5 specified in

.5\Vdc supply circuit with a 30 A line fuse, when the component is rated 12 Vdgq

, or

b) A 31 Vdc supply circuit with a 30 A line fuse, when the component is rated 24 Vdc.

3.4.2.7.1.4 The supply circuit shall be rated at 125% of the rated input current of the product, but no less
than 20 A for branch circuit connected incandescent and fluorescent sign components and 30 A for neon
sign components.

3.4.2.7.1.5 Afuse provided as part of a sign component that is user accessible is to be shorted out of the
circuit.

3.4.2.7.1.6 A user-operated control is to be adjusted to the position representing the most adverse
operating condition.

3.4.2.7.1.7 Each abnormal test is to be continued until one of the following conditions is obtained:
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a) The test continues for at least 4 h and there is no change in temperature or condition of the test

sample

within a 2-h time period;

b) An automatically reset protector functions during test and the test has continued for 7 h;

¢) A manual reset protector which has been reset 10 times using the minimum resetting time, but
not more frequently than 10 cycles of operation in a minute, continues to be operational at the
completion of the test; or

d) The test has continued for 772 h with little significant change in the operating temperature of the
product.

342718

a) Flame or molten metal is emitted from the enclosure of the component as eyidend

glowin
b)Ab
c) Live

d) The

342719 H
be conducted

3.4.2.7.2 AR

3.4.2.7.21 4

, or charring of the cheesecloth or tissue paper;

eakdown results from the dielectric voltage-withstand test;

parts are made accessible; or

3-A non-time-delay ground fuse opens.

ollowing each abnormal test, the Dielectric VoltagelWithstand Test specified i
on the component.

normal operation test

\ component shall not result in a risk-of fire or electric shock as a result of bein

potential mislises that are likely to exist during normal use. Examples of abnormal op

follows:
a) Sta
b) The

c) Lea
3.42.7.3 AL

3.4.2.7.31 A
a short circuit

ing of the rotor of a fan and-blower,

shorting of output terminals, and

ving output terminals unconnected to a load while energized.

normalcomponent breakdown test

A\ component as specified in 3.4.2.7.3.2 that is likely to fail by experiencing an

insa circuit shall not result in risk of fire or electric shock as a result of hping S

ed by ignition,

N 3.4.2.5, shall

g subjected to
bration are as

open circuit or

Ibjected to the

test specified

in 3.4.2.7.3.3 with the component open circuited and short circuited.

3.4.2.7.3.2 The component mentioned in 3.4.2.7.3.1 includes an electrolytic capacitor, a diode, a solid
state device, or any other component not previously investigated and determined to be suitable for the
application. An electromagnetic and radio frequency interference capacitor, a resistor, a transformer, an
inductor, or an optical isolator is not required to comply.

3.4.2.7.3.3 Three tests of each component under the open- and short-circuit conditions, using untested
components for each test, are to be conducted using the guidelines specified in (a) — (f) below. A
component located in a feedback circuit providing voltage, current or temperature limiting, is to be
subjected to open- and short-circuit conditions. Each component fault is to be applied one fault at a time.

a) Capacitors — open-circuited;
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b) Discrete semiconductor devices (triacs, transistors, diodes, and the like) — open-circuit and

short-c

ircuited;

¢) Integrated circuits — critical pins shorted to ground;

d) Resi

e) Indu

stors — open-circuited;

ctors — open-circuited; and

f) Other components — open-circuit and short-circuited.

3.4.2.8 Hum

idity exposure test

34281 As
Withstand Te
component aff

ign component enclosing or insulating a live part is to comply with the Diel
5t after being subjected to humidity conditioning. Humidity conditioning- ig
er being assembled in accordance with the manufacturer's installation” ins

assemblies afe to be arranged in a chamber in the position that is most likely)to resu

accumulation

hnd is a likely field orientation.

3.4.2.8.2 Thiee samples shall be exposed for 168 h to moist air having @ relative humidity ¢

temperature o

32.0 £2.0°C (89.6 +3.6°F).

3.4.2.8.3 Within 10 min of being removed from humidity conditioning, the assemblies sha

the Dielectric
component.

Voltage Withstand Test requirements in 3.4.2.5 for the maximum voltage

3.4.2.9 Condensation test

34291 As
the Dielectric
conditioning i
installation ins
to result in mo

34292 Ao
h, the sample
into a humidity

34293 At

ign component enclosing or insulating a live part in a damp or wet location is
Voltage Withstand Test after being subjected to condensation conditioning.

fructions. The assemblies are to be arranged in a chamber in the position thaf
sture accumulation and s a likely field orientation.

omponent is torbe-conditioned for 24 £1/2 h in a minus 40 £2°C (minus 40 £3
5 are to be removed from the 40 +2°C (minus 40 +3.6°F) ambient and place
chamber/maintained at 88 +2% at a temperature of 32.0 +2.0°C (89.6 +3.6°F)

he conclusion of the 48 h in the chamber, the assemblies shall comply with

ectric Voltage

to be on a
ructions. The
t in moisture

f 88 +2% at a

| comply with

rating of the

o comply with
Condensation

5 to be on a component.after being assembled in accordance with the manufacturer's

is most likely

6°F). After 24
i within 2 min
for 48 h.

the Dielectric

Voltage Withs‘and Test requirements in 3.4.2.5 for the maximum voltage rating of the compovpent.

3.4.2.10 Motor tests

3.4.2.10.1

3.4.2.10.11

Starting current test

A motor operated sign component shall start and operate normally on a circuit protected by

an ordinary — not time delay — fuse having a current rating corresponding to that of the branch circuit to
which the appliance should be connected. The performance is unacceptable if the fuse opens or an
overload protector provided as part of the sign component trips.

3.4.2.10.1.2 The sign component is to be started three times at room temperature at the beginning of the
test. Each start of the motor is to be made under conditions representing the beginning of normal
operation — the beginning of the normal operating cycle. The component is to be allowed to come to rest
between successive starts.
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3.4.2.10.2 Locked rotor test

3.4.2.10.2.1 A motor sample is to be placed on a soft wood surface covered with two layers of tissue
paper. The motor is to be covered with two layers of cheesecloth. The test is to be conducted at room
ambient. The motor is to be energized at rated potential with the rotor locked. The locked rotor condition is
to be maintained for 72 h. The motor enclosure is to be connected to ground through a 3-A non-time delay

cartridge fuse

3.4.2.10.2.2

with voltage rating based on the rating of the motor.

As a result of the locked rotor condition:

a) There shall be no indication that the cheesecloth or tissue paper glowed or flamed;

b) When au'ujt:btcu' to-theDretectric ‘v’uitag\: Withstand—Test-specifred-im3=4-2-5tmre shall be no
indicafion of dielectric breakdown;
c) Thdre shall be no indication of softening, cracking, warping or other deformation to result in a
reductjon in spacings; and
d) Durfng and at the conclusion of the test the fuse shall not have opéned.
3.4.2.11 Cirpuit interrupting devices tests
3.4.211.1 Qverload test
3.4.2.11.1.1 [A device that interrupts an inductive (ballasts or transformers) or tungsten |(incandescent
lamps) load cfrcuit shall be subjected to the overload testin 3.4.2.11.1.2 — 3.4.2.11.1.5 and the endurance
testin 3.4.2.1]1.2.
3.4.2.11.1.2 |During the test, there shall be no electrical or mechanical breakdown of the pquipment, no

undue burning or pitting of contacts and no welding of contacts.

3421113

5% of rated v
to a load that
shall be indud

3421114
minute with th

3421115

With the product containing the circuit interrupting device connected to a test
pltage, the device contacts shall be connected in the manner representative o
causes 1.5 times-the' current during intended use. If the intended load is indy
tive with a power factor of 0.40 — 0.50.

The test shall consist of 100 cycles of operation being cycled at a rate of 6
e on time for each cycle to be not more than 1 s.

At the conclusion of the test, the circuit-interrupting device shall be capable of

voltage within
f intended use
ctive, the load

10 cycles per

performing its

intended func

3.4211.2 E

3.4.2.11.21

on.
ndurance

After being subjected to the overload test, a circuit interrupting device shall b

e subjected to

10,000 cycles of operation interrupting the intended load while connected to a voltage source that is within
5% of rated voltage.

3.4.2.11.2.2

At the conclusion of the endurance test a circuit interrupting device shall:

a) Be capable of performing its intended function,

b) Show no wear,

¢) Show no loosening of parts, and
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d) Show no indication of other damage or defect that is capable of diminishing the usefulness and
reliability of the device.

3.4.2.11.2.3 Following the endurance test the device is to be subjected to the Dielectric Voltage
Withstand Test, 3.4.2.5, with the voltage potential applied between current carrying parts and:

a) Exterior dead metal parts, or

b) In cases where there is no dead metal on the exterior, metal foil wrapped around the device.

3.4.2.11.2.4 During the test, the load is to be rated load. If the intended load is inductive, the load shall
have a power factor of 0.40 — 0.50.

3.4.2.11.2.5
an inductive |

3.4.212 Pri
342121 A
3.4.2.12.11

3.4.212.1.2
protective dev|

3.4.212.1.3
nominal rated
foil trace as sp

he test is to consist of 10,000 cycles of operation, at a rate of 18 — 24 cycles
d and 6 — 10 cycles per minute for a tungsten (incandescent) load.

ted-wiring board tests
bnormal reduced spacing trace-to-trace short-circuit

A printed-wiring board shall be tested as described in-34.2.12.1.2 -3.4.2.12.1

ber minute for

5.

Operation of an overcurrent protective devicerother than the branch-circu
ce is not prohibited from occurring during this test.

A sample of the sign component employing a printed-wiring board is to be co
supply circuit. A foil trace is to be shart-circuited to each adjacent trace not sp
ecified in Table 2.17 or Table 2.18 or Table 2.19, one at a time.

3421214
shorted and
occurrence.
3.4.2.7.3, the

3421215

occurs. Howe
that such a co
until the testh

Puring this test, when a printed-wiring board trace opens, the gap is to
e test continued until~ultimate results are obtained. This procedure ap

h
\/Lhen the circuit is interrupted by the opening of a component other than as

st is to be repeated.fwo more times using untested components as required.

The test is to_be continued for 1 h or until one of the conditions described
er, when at'the end of 1 h no condition described in 3.4.2.7.1.8 occurs, and i
hdition isto eventually occur, the test is to be continued until ultimate results a
bs beenrun for 7 h.

t overcurrent

nnected to its
aced from the

be electrically
blies to each
described in

in 3.4.2.7.1.8
hdications are
re obtained or

3.4.2.13 Class2and-GClass3tests

3.4.2.131

Maximum output voltage test

3.4.2.13.1.1 The maximum output voltage of a Class 2 and Class 3 supply source, when tested under
the conditions specified in 3.4.2.13.1.2 shall not exceed the voltages specified in Table 2.11 and Table
2.12.

3.4.2.13.1.2 To determine compliance with 3.4.2.13.1.1 a Class 2 or Class 3 supply source is to be
connected to the rated input. When a supply source is required to be grounded, the branch-circuit ground
is to be connected to the grounding means on the supply source. The output is not to be connected to a
load (open circuit). The output from lead to lead or terminal to terminal of each circuit is to be measured. A
supply source that does not provide the full output voltage under open-circuit conditions shall have the
circuitry responsible for limiting or interrupting the output voltage under open circuit conditions defeated.
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3.4.2.13.2 Maximum output current and power test

3.4.2.13.2.1 The maximum output current and output volt-amperes specified in Table 2.11 and Table
2.12 are to be determined using a current meter and a wattmeter. A resistive load is to be adjusted to
result in maximum reading of the meters. With no further adjustment of the load, the sample is to be de-
energized and cooled to room temperature. The sample is then to be energized and maximum current and
wattage measurements are to be taken as specified in 3.4.2.13.2.2 for an inherently limited supply source
and 3.4.2.13.2.4 for a not inherently limited supply.

3.4.2.13.2.2 To determine compliance with 3.4.2.13.2.1, an inherently limited Class 2 or Class 3 supply
source is to be connected to the rated input. A supply source required to be grounded is to be connected
to branch-circuit ground. The output from lead to lead or terminal to terminal of each circuit is to be

measured undler the following conditions, as applicable:

a) For
be ma

b) For
circuit
be ma

c) For
protec]
conne

d) For|
circuit
all pro
unit is

e) For

a supply source employing a transformer with no form of protection, the.meal
He 60 s after the unit is connected to the source of supply.

a supply source employing a transformer and energy limiting impedance or
(a resistor, a PTC device or similar circuitry) required for the purpose, the mea
de five seconds after the unit is connected to the source or'supply.

a supply source which employs a transformer and either a thermal cutoff, a fu

surement is to

bnergy limiting
surement is to

se, or both, all

lion is to be defeated during the test and the mieasurement made 60 s after the unit is

cted to the supply source.

a supply source that employs a transformérrand a combination of a limiting
required for the purpose, and a protective.device (such as a thermal cutoff, a
ective devices are to be defeated and;the measurement is to be made five se
connected to the supply source.

a supply source that employsadc input and a combination of a limiting impeg

requirgd for the purpose, and a protective device (i.e. thermal cutoff, fuse, or both),

device
conne

3.4.2.13.2.3
output of the §

3.4.2.13.24

is to be defeated and the measurement is to be made five seconds af
cted to the supply source.

During the maximdm output current and power measurements specified in 3|
upply sourceishall not shutoff.

To determine compliance with 3.4.2.13.2.1, a not inherently limited Class

impedance or
fuse, or both),
tonds after the

ance or circuit
the protective
er the unit is

1.2.13.2.2, the

2 or Class 3

supply sourc
connected to

b

is.to\be connected to the rated input. A supply source required to be gro

ranch-circuit ground. The output from lead to lead or terminal to terminal of ej;

nded is to be
ch circuit is to

be measured in'accordance with 3.4.2.173.2.Z with protective devices shorted out during the test.

3.4.2.13.2.5 A protective device provided as a part of a not inherently limited unit shall operate in not
more than the time indicated in Table 3.12 when the unit is delivering the specified secondary current.
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Table 3.12

Maximum Acceptable Time for Protection Device Operation

Maximum time for overcurrent-protective
Open circuit secondary potential Secondary test current device to open
v A min
Class 2
20 orless 10 2
20 orless 6.75 60
Over 20 — 30 200/V nax 2
Over 20 - 30 135/V ax 60
Class 3
Over|30 - 100 200/V nax 2
Over|30 — 100 135/V nax 60
Over [100 — 150 2 2
Over [100 — 150 1.35 60

Notes:

1) For secondary

2) For secondar
current to the va

3) For secondar

test currents of 10 and 200/V ., the load is to be adjusted continuously to‘maintain the test currg

test currents of 6.75 and 135/V ., after 15 min of operation, the load is(t0 be readjusted to return
ue shown.

test currents of 135/V 5, @and 200/V pay, Vimax IS the maximum output voltage regardless of load wi

nt value shown.

the output

h rated input.

3.4.3 Installation and assembly test

3.4.3.1 A sig
assembled in

instructions. Ah assembled and installed compaonent shall comply with the requirements in th
standard. Ass¢mbly and installation is to include’and identify possible misuse and abnormal

installation thg

not feasible, warning instructions to minimize the potential for misuse and abnormal conditior).

4 Specific C

4.1 General

411 This s
been identifie
cathode lighti
in field assem

n component involving any degree_of assembly or installation is to be
a method typical of factory and.({ield conditions in accordance with th

t can result in the need for.eithéer construction revisions, or, where construction

omponents Only forUse in an End Product

ction of the Standard includes the specific requirements for sign compone

installed and
e installation

e end product
assembly and

revisions are

nts that have

as components for use only in an end product, such as a sign, outline lighting, and cold

g._This section of the Standard also includes the specific requirements for com

4.1.2 Components covered by this part of the standard are identified in Table 4.1.

Table 4.1

ponents used
Standard.

Signh components suitable for factory assembled signs and outline lighting

Sign components suitable only for factory assembled signs and outline
Section No. lighting
4.2 Electrode receptacle, other than through wall housing type
4.3 Feed type cold cathode and over 1000 V lampholders

Table 4.1 Continued on Next Page
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Table 4.1 Continued

Sign components suitable only for factory assembled signs and outline

Section No. lighting
4.4 Interconnecting cold cathode and over 1000 V lampholders
4.5 Electrode receptacle enclosure
4.6 Polymeric neon electrode enclosure
4.7 Glass cup receptacles
4.8 Glass tubing conduit assembly
49 GTO cable sleeving
4.10 GTO cable splice enclosure
4.11 Sign body, awning and sign face material - not enclosure rated
4.12 Enclosure sign face materials
4.13 Sign face tensioning systems
4.14 Structural materials
4.15 Electrode receptacle insulator
4.16 Trim cap
417 Dimmers, flashers, controllers and animators
4.18 LED components
4.19 Electroluminescent displays
4.20 Switch enclosures
4.21 Sign rotating equipment
4.22 Clock mechanisms

4.1.3 The requirements covering sign components in this section are supplementary
requirements|in Sections 1 — 3 and wherevapplicable modify a general requirement fi

component.

o the general

br a particular

4.1.4 A sign|component shall be provided with installation instructions. The installation insfructions are to

be verbatim @s specified in Table*4.2. The applicable installation instructions for each G
specified under the section(for“a specific component. Additional installation instructions

based on the |ntended use‘ef.the component.

Table 4.2
Installation instructions

omponent are

are permitted

Installation instruction

Must be enclosed in end product.

Limited to use only in dry locations.

Limited to use in dry and damp locations.

Acceptable for use in wet locations.

Acceptable for use in dry, damp and wet locations.

Limited to only decorative applications.

Limited to only decorative and sign body applications.

Acceptable for enclosure, sigh body and decorative applications. Enclosure applications include exposed live parts.

Suitable for enclosure, sign body and decorative applications. Enclosure applications limited to insulated live parts.

Table 4.2 Continued on Next Page
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Table 4.2 Continued

Installation instruction

Suitable for use in component support applications.

Limited to only p

ortable sign use.

Water exclusion

must be determined in the end product.

Minimum 5 cm (2 in) spacing from heat producing components required.

Minimum 8 cm (3 in) spacing from heat producing components required.

Minimum 2 to side and 1/2 in spacing in compartment surrounding component required.

Minimum 4 to side and 1 in spacing in compartment surrounding component required.

face) sign face nf

ignation of sign

aterial."

Channel letters 1

hust be provided with sign face material.

Suitable for use

n terminating conduit.

Suitable for use

pnly when connected to a volts, Class 2 transformer or power supply.

Rated for maxim

um 5 kV, 2.5kV to ground.

Rated for a maxi

mum 10 kV, 5kV to ground.

Rated for maxim

um 15 kV, 7.5kV to ground.

Tests required in

end product.

4.1.5 Specifi
polymeric mat
polymeric enc

C use components utilizing polymeric material’in its construction shall comply with the
erial requirements in 2.1.4 and as amended<in Section 4. Table 4.3 part 1 summarizes the
osure requirements in Section 4.
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Table 4.3 part 1

Polymeric Material Requirements, Components

Install type Illumination type
Statmary-& Neon/ Cold Table 4.3 part 2
Component permanent Portable Incandescent Fluorescent Cathode HID LED reference
Neon Electrode Enclosure K X X A
GTO Sleeving K X B
GTO Sleeving X X C
Integral Sleeved GTO Cable K X D
Integral Sleeved GTO Cable X X E
Enclosure sign face material K X F
Enclosure sign face material X G
Enclosure sign face material K X H
Enclosure sign face material K X |
Enclosure sign face material X X J
Enclosure sign face material X X K
Enclosure sign face material X X L
Enclosure sign face material X X M
GTO cable splice enclosure K X X N
Sign body, not enclosure X (0]
rated
Tube supports X P
Cable Supports X X
Flexible sign face, not K X X R
enclosure rated
Flexible sign face, not X S
enclosure rated
Flexible sign face, not X X T
enclosure rated
Flexible sign face, not X X X U
enclosure rated
Flexible sign face, not X X X \'
enclosure rated
Rigid non-enclosure sign face X X X X X w

Table 4.3 part 1 Continued on Next Page
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Table 4.3 part 1 Continued

Install type lllumination type
Stationary & Neon/ Cold Table 4.3 part 2
Component permanent— 1 Pportable inear 1t Fluor 1t Cathode HID LED reference

Rigid non-enclosure sign face X X X X
Rigid non-enclosure sign face X X X Y
Rigid non-enclosure sign face X X V4
Frame A X X X X X X AA
Structural panel X X X X X X X BB
Sign face trim A X X X X X X (o0
Switch enclosure A X X X X X X DD
Polymeric channel letter, non- A X X EE
enclosure rated

Polymeric channel letter, non- A X X X FF
enclosure rated

Polymeric channel letter, non- X X X GG
enclosure rated

Polymeric channel letter, non- A X X HH
enclosure rated

Polymeric channel enclosure A X X Il
Polymeric channel enclosure X X X X JJ
Polymeric channel enclosure X X X KK
Polymeric channel enclosure A X X LL

Notes:

1. An "X" provided in a column under instal

2. See Notes 2 through 9 of Table 4.3 part

ation and illuminatien’type, in the row of a component, identifies the use for the component.

p for additional notes that are applicable to both parts.
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Table 4.3 part 2
Polymeric Material Requirements, Components
Wet locations
Damp-leocations
Component Dry locations
reference
letter from Min. temp Mold Min. temp uv & Cold Condensation
part 1 °C (°F) | Min. Flamg | Humidity | CTI,PLC uv Ozone stress °C (°F) ozoné impact test Rain test

A 120 (248) 5VA Y 1 Y Y 135 (275) Y Y Y Y
B 120 (248) 5VA Y 1 Y Y N 120 (248) Y N N Y
(o2 105 (221) V-2 Y 1 Y Y N 120 (248) Y N N Y
D 120 (248) 5VA Y 1 Y Y N 1207(248) Y N N Y
E 105 (221) V-2 Y 1 Y Y N 120 (248) Y N N Y
F 75 (167) 5VA N N N N Y. 75 (167) \4 Y Y N
G 75 (167) 5VA N N Y Y Y 75 (167) Y Y Y N
H 75 (167) V-2 N N Y N Y 75 (167) Y Y Y N
1 75 (167) 5VA N N N N Y 75 (167) Y Y Y N
J 75 (167) V-2 N N N N Y 75 (167) Y Y N N
K 75 (167) V-2 N N Y Y \4 75 (167) Y \4 N N
L 75 (167) V-2 N N Y. N Y 75 (167) Y Y N N
M 75 (167) V-2 N N N N Y 75 (167) Y Y N N
N 105 (221) 5VA Y 1 Y Y Y 105 (221) Y Y Y Y
(o} 50 (122) HB N N N N Y 50 (122) uv N N N
P 60 (140) HB Y 1 Y Y Y 75 (167) uv Y Y Y
Q 60 (140) V-2 N 1 N N Y 75 (167) uv Y Y N
R 50 (122) HB N N N N N 50 (122) uv N N N
S 50 (122) HB N N N N N 50 (122) uv N N N
T 50 (122) HB N N N N N 50 (122) uv N N N
u 50 (122) HB N N N N N 50 (122) uv N N N
\" 50 (122) HB N N N N N 50 (122) uv N N N
w 50 (122) HB N N N N - 50 (122) uv N N N
X 50 (122) HB - N N N - 50 (122) uv N N N

Table 4.3 part 2 Continued on Next Page
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Table 4.3 part 2 Continued

Wet locations
Damp locations
Component ——DryTocations
reference
letter from Min. temp Mold Min. temp uv & Cold Condensation
part1 °C (°F) | Min. Flame|| Humidity | CTI, PLC uv Ozone stress °C (°F) ozone impact test Rain test

Y 50 (122) HB - N N N - 50 (122) oV N N
z 50 (122) HB - N N N - 50 (122) uv N N N
AA 90 (194) 5VA Y N Y N Y 105 (221) Y N N
BB 50 (122) HB N N N N N 50 (122) N N N
cc 50 (122) N/A Y - N N N 50 (122) uv Y N N
DD 50 (122) N/A Y - Y N Y 65 (149) Y Y Y Y
EE 105 (221) HB Y 1 N N Y 120 (248) N Y N Y
FF 80 (176) HB Y N Y Y ¥ 80 (176) Y Y N Y
GG 105 (221) HB Y 1 Y Y Y 120 (248) Y Y N Y
HH 80 (176) HB Y N N N Y 80 (176) N Y N Y

] 105 (221) 5VA Y 1 N N Y 120 (248) N Y N Y
JJ 105 (221) 5VA Y 1 Y Y Y 120 (248) Y Y N Y
KK 105 (221) 5VA Y 1 Y, Y Y 120 (248) Y Y N Y
LL 105 (221) 5VA Y 1 N N Y 120 (248) N Y N Y

Notes for Table 4.3 part 1 and 2:

1. A"Y" provided in a column under a test,
that the test is not required.

2. A component not identified for use only i
installed signs.

3. A component that is not identified for use

4. Where a rain test is specified for a neon

n the row of a component; indicates that the test is required. An "N" provided in a column under a

N a portable sign.or by its nature restricted for use only in permanently installed signs is to comply

est, in the row of a component, indicates

ivith the requirements for permanently

only in"a’sign of a particular type of illumination shall comply with the most stringent requirements for all types of illumination.

blectrode enclosure, GTO Sleeving, and integrally sleeved GTO cable, the test is to be performed

enclosure and GTO sleeving and integrally|

sleeved GTO cable for which each is designated.

bn every combination of electrode

5. In a portable sign in other than a dry location, a GTO cable sleeving or integrally sleeved GTO cable that inserts into the electrode enclosure and is within 1.25 cm (1/2 in) of the
electrode shell of a neon tube electrode shall be rated at least 120°C (248°F).

6. A wet location designation that includes a Rain Test shall only exist when both the neon electrode enclosure and GTO sleeving or integrally sleeved GTO cable are designated as a

system.

Table 4.3 part 2 Continued on Next Page
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Table 4.3 part 2 Continued
Wet locations
Damp locations
Component ————DryTocations
reference
letter from Min. temp Mold Min. temp uv & Cold Condensation
part 1 °C(°F) | Min. Flam¢ | Humidity | CTI,PLC uv Ozone stress °C (°F) ozone impact test Rain test

7. For other than neon electrode enclosurg

applications.

8. The minimum temperature rating of a m|
temperature rating of a material is determi|

9. N does not apply to gaskets used with nf

s, GTO sleeving and integrally sleeved GTO cable, a lower temperature rating is permitted for a ¢

terial is the Relative Thermal Index (RTI). For neon electrode enclosure, GTQ_sleeving and integ
hed by the Relative Thermal Index (RTI) or the Wire and Cable Accelerated-Aging Test specified in

etallic enclosures.

bmponent identified for limited

ally sleeved GTO cable only, the minimum
3.2.2.1 are acceptable.
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4.2 Electrode receptacles, other than the through wall housing type
421 General

4.2.1.1 These requirements apply to electrode receptacles that are not provided with an enclosure,
intended for installation through an enclosure or raceway wall and are not provided with a means to be
connected to a permanent wiring system. Several types of electrode receptacles are shown in Figure 4.1

and Figure 4.2.

Figure 4.1

Closed end type electrode receptacles

Neon TubeJ

[lass Housing

Neon Tube

Glass Housing

1 1/2" 1 1/2

Neon Tube j

Glass Housing

S4785

Minimum distance
from the front edge
of the glass insulator
to the first current
carrying part.

No. 200 Housing Type

Minimum _distarice
from the/front edge
of thesglass/insulator
to the first current
carrying part.

No.* 100 Housing Type

Minimum distance
from the front edge
of the glass insulator
to the first current
carrying part.

No. 200P Housing Type
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Figure 4.2

Closed end type electrode receptacles

Cup Washer

GTO Cable

Neon Tube
Glass Housing

Ferrule L .
Minimum  distance

from the front edge

Ur e g\d’SS \.H UTUTuT
to the first current
carrying part.

No. 300 Housing Type

Pigtail Lead
with Terminal Clip

GTO Cable

Neon Tube J

Glass Housing

Sign Enclosure
Requires a 1 1/2" hole
for mounting. 112"
Ferrule—~Minimum distance
from the front edge
of the glass insulator
to the first current

carrying part.

care No. 300P Housiftg Type

4.2.2 Consfruction requirements

4.2.2.1 Thelinsulating material of an-electrode receptacle shall be porcelain, glass, or other insulating
material that|has been evaluated to“eomply with environmental and insulating charactgristics for the

intended use.|A porcelain or ceramic material shall be glazed or provided with a non-absorp

all surfaces.

accommodat
spacings req
metal parts.

4222 An {

lectrode receptacle shall be of a length that when the mounting means
the thiekest mounting surface possible, the minimum through air and dcross surface
ired in.section 2.15 for the voltage involved are maintained between live parts and dead

live coating on

is adjusted to

4.2.2.3 The diameter of an electrode receptacle shall have an inside diameter that is at least 6.35 mm
(0.25 in) larger than the maximum diameter of neon tubing for which the electrode receptacle is rated.

4.2.2.4 A closed end electrode receptacle identified for use in a damp location or in a wet location shall:

a) Have an inside diameter at the mouth at least 6.4 mm (0.25 in) greater than the interior diameter
at the terminal end, and be provided with a sloping interior wall which extends for it entire length; or

b) Be provided with drain holes as specified in 4.2.2.5.

4.2.2.5 The drain holes required in 4.3.2.4 shall be located in the closed end of the receptacle. There
shall be four drain holes each at least 3.175-mm (0.125-in) diameter and no greater than 7.9 mm (5/16 in).
Each drain hole shall be positioned equal distance in each quadrant of the end of the receptacle.
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4.2.2.6 A closed end electrode receptacle shall have supply connections centered at the back of the
receptacle shall have the terminal located at the center of the closed end of the receptacle.

4.2.2.7 An open ended electrode receptacle shall have a supply connection terminal support located
offset from the center axis of the receptacle on an arm that can be positioned above the back of the
receptacle. See Figure 4.3.

Figure 4.3

Coiled-spring electrode receptacle

[1

SB0674

4.2.2.8 A cdiled-spring: within a receptacle in an un-depressed position shall not haye a distance
between the dontact-and the plane of the mouth of the receptacle no less than the spacings required in
2.15. See Figyre4:3.

4.2.2.9 A spring contact shall have a spring that can be compressed and extended at least 38 mm (1.5
inch) in both directions from its original relaxed position without resulting in the overall dimension of the
spring being changed from its original relaxed length.

4.2.3 Supply connection means

4.2.3.1 An electrode receptacle shall be provided with a terminal capable of securing an 18 to 14 AWG
(0.82 to 2.1 mm?) conductor or be provided with an 18 to 14 AWG (0.82 to 2.1 mm?) stranded conductor.

4.2.4 Mounting means

4.2.4.1 Areceptacle shall be provided with a mounting means.
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4.2.5 Tests

4.2.51 An electrode receptacle shall comply with the Dielectric Voltage Withstand Test in 3.4.2.5 for the
maximum open circuit rating marked on the receptacle.

4252 An electrode receptacle with a polymeric insulating body shall be subject to a Normal
Temperature Test in 3.4.2.3 with the highest current rated electrode having the maximum diameter neon
tube electrode. The tubing shall be filled with a mercury cold weather gas mixture. The tubing load shall be
the length required to draw 80 % of the maximum current rating.

4.2.5.3 An electrode receptacle designated for use in a dry and damp or dry, damp and wet location shall
comply with Condensation Test in 3.4.2.9 and the material tests for_inorganic, non-metallic materials

specified in 3]
ultraviolet rad

4254 An¢g
3.4.1.9 and th
not collect alg
Water can cq
established a

4.2.6 Ratings

426.1 An
maximum dig
maximum cur

4.2.7 Marki
4.2.71 Gen

42711 Th
a) The

b) A Iq
evalug

4.27.1.2 EITctrode Receptacle specific installation instructions:

3 or comply with the material tests for polymeric materials in 3.2 includingcre
ation, ozone, and other tests as required for Neon Electrode Enclosures i 4.6

lectrode receptacle designated for use in a wet location shall comply with th
en comply with the Dielectric Voltage Withstand Test in 3.4.2.5¢Buring the t
ng the length of the receptacle and shall drain out the drain holes or mouth of
ntact live parts as long as a continuous path along the length of the reg
5 determined by the Dielectric Voltage Withstand Test.

blectrode receptacle shall have a maximum-open circuit voltage rating t
meter of neon tube electrode that the recCeptacle is intended to accomm
rent rating.

ngs and installation instructions
eral installation instructions

e installation instructions for an electrode receptacle shall include at least the fi

maximum voltage.and current rating of the electrode receptacle.

quirements for

e Rain Test in
bst water shall
the enclosure.
eptacle is not

b ground, the
bdate and the

bllowing:

cation designation relating to the type of environmental the electrode receptacle has been
ted for usg.in — Dry Only, Dry and Damp Only or Dry, Damp and Wet Locationq.

a) An electrode receptacle shall specify that it is "Suitable for use with maximum __ mm diameter
neon tubing." The blank is to be filled in with the maximum diameter of neon tubing that complies
with the requirements in 4.2.2.3.

b) An electrode receptacle with a closed end, commonly referred to as #200, #200 P and #100
housing, shall be provided with a condition of use indicating in a damp or wet location — the
opening of the receptacle must be installed horizontal to ground or with the end accepting the neon
tube lower than the closed end of the receptacle.

c) An electrode receptacle shall be provided with a condition of use that specifies "Neon tubing
shall be centered inside the receptacle such that contact with the receptacle walls is avoided."

d) An electrode receptacle provided with a metal mounting means shall be identified by the
instruction "This electrode receptacle is intended for installation only in the surface of a metal
enclosure or raceway."
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e) An electrode receptacle with an open end, commonly referred to as #300 and #300 P housing,
shall be provided with a condition of use indicating "In a damp or wet location — the electrode
receptacle must be located where no live parts are located below the receptacle and the with
supply terminal be positioned above the rest of the receptacle.”

4.2.7.1.3 Installation Instructions shall be provided inside each smallest unit container or at least twenty
instruction sheets provided per carton of 100 receptacles.

4.3 Feed type over 1000 V lampholders

4.3.1 General

4.3.1.1 These requirements apply to lampholders and electrode housings as shown jn Figure 4.4
intended for:

a) Uselin secondary circuits having voltages in the range of 1000 to 15,000 Y/,

b) Are|intended for connection to a permanent wiring system in accordance with the National
Electrigal Code, and

c) Cold cathode lampholders having voltages 900 V and highef,

Figure 4.4
Feed type over 1000 Vdlampholder

GTO Conductor

Neon or Cold
Cathode Tubing

Lampholder [ Tube or

Sleeving Sized to either

slide inside [or threaded tp
secure to Hlexible Metal(Conduit

7

N

from the opening to

GTO Cable

172" Minimum

7

the first current
carrying part

<

Ferrule
Lampholder

or Coiled

Copper Conductor

54787 G2 K

4.3.2 Construction requirements

4.3.2.1 The insulating material of an electrode receptacle shall be porcelain, glass, or other insulating
material that has been evaluated to comply with environmental and insulating characteristics for the
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intended use. A porcelain or ceramic material shall be glazed or provided with a non-absorptive coating on
all surfaces.

4.3.2.2 Other than areas inside compartments that, due to their location, cannot be glazed readily, a
porcelain material used in a lampholder suitable for use in damp or dry locations shall be glazed or
provided with a non-absorptive coating on all surfaces.

4.3.2.3 A lampholder and electrode housing suitable for use in damp locations shall be intended for
installation with an orientation that will not result in the collection of moisture such as from condensation.
Where a lampholder or electrode housing is in a horizontal position it shall be provided with a sloping
interior wall that extends its entire length. The gradual slope shall be continuous with no portion raised or
lowered that could result in the collection of moisture. The slope shall be such that the inside diameter of
the open end pf the lampholder is at least 6.4 mm (0.25 in) greater than the inside diameter at the bottom.

4324 Ala

ridge or other
the lamphold
requirements

4.3.25 Spa
system conng

43.26 The
be considereq

mpholder and electrode housing suitable for use in wet locations must be p
mechanical means to secure a cap over its mouth that prevents theentranc
er. The cap shall be provided with the lampholder and camply with r
in5.5.

Lings between live parts and dead-metal parts shall als@)be judged with a

mounting surface to which a lampholder and electrode housing is mounted as
a dead metal part when applying the spacingrequirements.

4.3.2.7 Alagmpholder cover shall not be relied upon to comply with the spacing requiremen

4328 Apo

compress th
There shall b

4329 A S{

4.3.3 Suppl

4331 Afe
terminating a

lymeric material shall be ozone and-ultraviolet radiation resistant material.

ring contact shall on at.least a quarterly basis take samples of a sprin
spring and extended the,spring at least 38 mm (1.5 in) form its original re
no change in the overall dimension of the spring when returned to its relaxed

ly connection means

ed type lampholder and electrode housing shall be provided with a termir
(GTO cable conductor.

4.3.4 Moun

rovided with a
e of water into
bceptacle cap

metallic wiring

cted to the lampholder in accordance with the manufacturer’s installation instryictions.

intended shall

S.

j contact and
axed position.
state.

al or lead for

ingmeans

4341

4.3.5 Tests

4.3.5.1

A lampholder shall be provided with means to be mechanically secured.

A lampholder and electrode housing shall comply with the Dielectric Withstand Test in 3.4.2.5.

The lampholder is to be mounted in accordance with the manufacturer’s installation instructions onto a
sheet metal surface having dimensions at least 50.8 mm (2 in) larger than the mounting surface of the
lampholder. The metal mounting surface is to be conductive connected to any dead metal provided on the
lampholder. The test potential is to be applied between a length of GTO cable conductor connected to the
supply lead or terminal and any dead-metal on the lampholder or sheet metal mounting surface.

4.3.5.2 An electrode receptacle with a polymeric insulating body shall be subject to a Normal
Temperature Test in 3.4.2.3 with the highest current rated electrode having the maximum diameter neon
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tube electrode. The tubing shall be filled with a mercury cold weather gas mixture. The tubing load shall be
the length required to draw 80 % of the maximum current rating.

4.3.5.3 A lampholder designated for use in a dry and damp or dry, damp and wet location shall comply
with Condensation Test in 3.4.2.9 and where the insulating materials are porcelain, ceramic or glass, the
material tests for inorganic, non-metallic materials specified in 3.3.

4.3.5.4 A lampholder designated for use in a wet location shall comply with the Rain Test in 3.4.1.9
without the entrance of water into the receptacle.

4.3.6 Ratings

43.6.1 A co
maximum dia

current rating available for the diameter of neon tube electrode.

4.3.7 Markin

4371 Alan
maximum neo

437.2 A lan
shall be marke

4.3.7.3 Reqy
other removab

d cathode lampholder shall have a maximum open circuit voltage rating)t
meter of neon tube that the receptacle is intended to accommodatecand

gs and installation instructions

npholder shall be plainly marked with the voltage and current rating and the
n tube electrode for some applications.

hpholder requiring special mounting or orientation{to comply with drainage
d "Top" or in other equally descriptive terms.

ired markings shall appear on the body of.a lampholder and not on a lamph

b ground, the

he maximum

minimum and

requirements

plder cover or
Bvice.

le part unless the cover or part is electrically essential to the operation of the d

4.3.7.4 Installation instructions shall be provided with each lampholder.

4.3.7.5 The ipstallation instructions for-a.eéld cathode lampholder shall include at least the following:
a) The neon tube electrode” must be inserted into the lampholder to a depth that provides for
minimym 1% in spacing-between the end of the neon tube and the mouth of the|mouth of the
lamphaglder.
b) Thelmaximum~yveoltage and current rating of the cold cathode lampholder.
c) A lotation_designation relating to the type of environmental the electrode receptacle has been

evalualed foruse in — Dry Only or Dry and Damp locations.

d) A lampholder designated as suitable for use in dry and damp locations shall be accompanied by
a condition of use indicating that in a damp location the lampholder must be mounted with the
mouth of the lampholder at the same height above ground or lower than the closed end of the
lampholder.

e) A lampholder designated as suitable for use in dry, damp and wet locations shall be
accompanied by a condition of use indicating that it is only suitable for use in a wet location when
provided with the required cap over the mouth of the lampholder and in a damp location, the
lampholder must be mounted with the mouth of the lampholder at the same height above ground or
lower than the closed end of the lampholder.

f) Not suitable for use in dwellings unless connected to a neon supply designated for use with cold
cathode lighting having an output voltage of less than 1000 V and used with a lampholder having a
circuit interrupting feature on the other end of the cold cathode tubing.
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The installation instructions shall also include:

a) Details on the installation of the lampholder and proper means of connecting GTO cable to a
terminal;

b) The maximum open circuit voltage rating to ground, the maximum diameter of neon tube that the

receptacle is intended to accommodate and the maximum current rating available for the diameter
of neon tube;

c) To install the lampholder in a horizontal position or with the mouth of the lampholder below
horizontal when installed in a damp location, or

d) To install the lampholder cover to prevent the entrance of water into the lampholder when
install¢d in a wet location.

4.4 Intercomnecting over 1000 V lampholders

441 General
4.41.1 These requirements apply to lampholders over 1000 V as shown'ih Figure 4.5 th3t are provided
with:

a) Redeptacles for two neon tube electrodes,

b) Be ¢valuated for use on secondary circuits havingwoltages in the range of 900 to 15,000 V,

¢) Have no means of supply connection other than'through cold cathode and neon tuping.

Figure 4.5

Interconnecting over 1000 V lampholder
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4.4.2 Construction requirements

4.4.21 The insulating material of a lampholder shall be porcelain, glass, or other non-absorptive
insulating material. An other non-absorptive insulating material such as a polymeric insulating material
shall be evaluated for ultraviolet radiation resistance, high voltage arc tracking, water absorption and be
rated for the maximum temperature experienced when tested with the highest rated neon tube electrode
that can physically fit into the lampholder.

4.4.2.2 Other than areas inside compartments that due to their location can not be glazed readily, a
ceramic material used in a lampholder suitable for use in damp or dry locations shall be glazed or provided
with a non-absorptive coating on all surfaces.

4423 A Iar]\pholder suitable for use in damp locations shall be provided with a slopirg interior wall that
extends its entire length. The gradual slope shall be continuous with no portion raised”or lpwer than the
gradual slope|that could result in the collection of moisture. The slope shall be)such that the inside
diameter of th¢ open end of the lampholder is at least 6.4 mm (0.25 in) greaterdhan the inside diameter at
the bottom.

4.4.2.4 A lampholder suitable for use in wet locations must be proyided with a cap over |ts mouth that
prevents the entrance of water into the lampholder around neon tubing.

4425 A wgt location lampholder shall be provided with axdrain hole other than the jmouth of the
lampholder.

4.4.2.6 A lanppholder shall have no openings into theiinterior of its insulating shell other thap openings for
neon tubing.

4.4.2.7 The mounting surface to which a lampholder is mounted as intended shall be consjdered a dead
metal part when applying the spacing requirements.

4.4.2.8 Alampholder cover shall not be relied upon to comply with the spacing requirement

12

4.4.2.9 A polymeric material;-ineluding polymeric hardware, within direct line of sight of negn tubing shall
be ultraviolet rpdiation resistant material.

4.4.3 Supply connection means

4.4.3.1 Supgly.connection is by neon tubing only.

4.4.4 Mounting means

4.4.4.1 Alampholder shall be provided with means to be mechanically secured by at least two points to a
mounting surface.

4.4.5 Mounting means

4451 A lampholder shall comply with the Dielectric Withstand Test in 3.4.2.5. The lampholder is to be
mounted in accordance with the manufacturer’s installation instructions onto a sheet metal surface having
dimensions at least 2 in larger than the mounting surface of the lampholder. The metal mounting surface is
to be conductive connected to any dead metal provided on the lampholder. The test potential is to be
applied between a length of GTO cable conductor connected to the supply lead or terminal and any dead-
metal on the lampholder or sheet metal mounting surface.
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4.45.2 A lampholder designated for use in a dry and damp or dry, damp and wet location shall comply
with Condensation Test in 3.4.2.9 and where the insulating materials are porcelain, ceramic or glass, the
material tests for inorganic, non-metallic materials specified in 3.2.

4.45.3 A lampholder designated for use in a wet location shall comply with the Rain Test in 3.4.1.9
without water contacting current carrying parts of the receptacle.

4.4.6 Mounting means

4.4.6.1 A cold cathode lampholder shall have a maximum open circuit voltage rating to ground, the
maximum diameter of neon tube that the receptacle is intended to accommodate and the maximum
current rating available for the diameter of neon tube.

4.4.7 Markings and installation instructions

4.47.1 A lampholder shall be plainly marked with the voltage rating and maximum diameter of neon
tubing if less than 25 mm (1 in).

4.4.7.2 A lampholder requiring special mounting or orientation to comply with drainage requirements in
damp locatiops shall be marked in a location that is readily visible’ after installation with ["Top" or other
equally descriptive terms.

4.4.7.3 Required markings shall appear on the body of a.lampholder and not on a lampHolder cover or
other removable part unless the cover or part is electrically.essential to the operation of the device.

4.4.7.4 Instgllation instructions shall be provided with.each lampholder.

4.4.7.5 Interconnecting lampholders shall haye the following installation instructions:

a) Thg neon tube electrodes must,be inserted into the lampholder to a depth that provides for
minimym 17 in spacing betwéen the end of the neon tube and the mouth of thg mouth of the
lamphplder.

b) Thg maximum open.circuit voltage rating to ground, the maximum diameter of neon tube that the
receptpcle is intended.to accommodate and the maximum current rating available fgr the diameter
of neop tube

c) A lgcationndesignation relating to the type of environment the electrode receptacle has been
evalugted\for-use in — Dry Only or Dry and Damp locations.

d) A lampholder designated as suitable for use in dry and damp locations shall be accompanied by
a condition of use indicating that in a damp location the lampholder must be mounted with the
mouth of the lampholder at the same height above ground or lower than the closed end of the
lampholder.

e) A lampholder designated as suitable for use in dry, damp and wet locations shall be
accompanied by a condition of use indicating that it is only suitable for use in a wet location when
provided with the required cap over the mouth of the lampholder and in a damp location, the
lampholder must be mounted with the mouth of the lampholder at the same height above ground or
lower than the closed end of the lampholder.

f) Details on the installation of the lampholder:

g) To install the lampholder in a horizontal position or with the mouth of the lampholder below
horizontal when installed in a damp location, or
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h) To install the lampholder cover to prevent the entrance of water into the lampholder when
installed in a wet location.

4.5 Electrode receptacle enclosure
451 General

4.5.1.1 These requirements apply to enclosures constructed to accommodate, but not provided with the
one or more electrode receptacles, cold cathode lampholders or lampholders over 1000 V intended to be
enclosed. A representative electrode receptacle is shown in Figure 4.6.

Figure 4.6

Electrode receptacle enclosure

Neon Tube
(not provided)

Electrode Receptacle
(not provided)

GTO Cable

f

Conduit<fitting
(Only kadckout required)

54789

4.5.2 Construction requirements

4521 An electrode receptacle enclosure shall be provided with one or more openings of the proper size
to accommodate the intended size of electrode receptacle and provide sufficient area around the electrode
receptacle opening to permit the electrode receptacle securement means to seat properly.

4.5.2.2 An enclosure shall be of sufficient length to provide the minimum spacings for the maximum
voltage rating of the maximum rated electrode receptacle for which the enclosure is rated. A metallic
enclosure that relies on the placement of an insulator on an electrode receptacle such as an insulating cap
must be provided with the insulator and be provided with a means to be reliably secured in place on the
receptacle.
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4.5.2.3 An enclosure provided with openings for more than one electrode receptacle and more than one
supply connection means shall be provided with an internal metallic compartment wall that provides a
barrier between live parts including insulating wiring between each receptacle.

4.5.3 Supply connection means

4.5.3.1 An enclosure provided with a supply connection means, the means should be suitable for
connection to a permanent wiring system in accordance with the National Electrical Code.

4.5.4 Mounting means

4541 A lampholder shall be provided with means to be mechanically secured by at least fwo points to a
mounting surface.

4.5.5 Tests

4551 An glectrode receptacle enclosure shall comply with the Dielectric Withstand Test|in 3.4.2.5 with
the maximum|size of electrode receptacle installed in each opening provided for receptacleq. The test is to
be conducted| with the maximum diameter of tubing electrode inserted to.its proper depth ahd centered in
the lampholdgr. The test potential is to be applied between a length of GTO cable conductor connected to
the shell of ndon tube electrode and the metal enclosure.

4.5.5.2 An glectrode receptacle enclosure designated for use in a damp location shall be prepared as in
4.5.5.2 and bg subjected to the Condensation Test in 3.4.2.9 followed by the Dielectric Withstand Test in
3.4.2.5.

4.5.6 Ratings

4.5.6.1 An glectrode receptacle enclosure shall be rated for:

a) Thelocation of its intended dse'— dry, dry and damp, or dry, damp and wet location

o

b) The electrode receptacle diameter, and

c) The open circuit valtage rating and maximum short circuit current of the receptaclg.
4.5.7 Markings and-installation instructions

4.5.7.1 An glectrode receptacle enclosure shall be plainly marked with the following:

a) The receptacle type or model number, electrical ratings, and

b) The maximum diameter of neon tubing, if less than 25 mm (1 in).

4.5.7.2 An electrode receptacle enclosure requiring special mounting or orientation to comply with
drainage requirements in damp locations shall be marked in a location that is readily visible after
installation with "Top" or other equally descriptive terms.

4.5.7.3 Required markings shall appear on the body of the enclosure and not on a cover or other
removable part unless the cover or part is electrically essential to the operation of the device.

4.5.7.4 Installation Instructions shall be provided inside each smallest unit container.

4.5.7.5 The installation instructions are to include the following:
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a) The nominal diameter, maximum length, open circuit voltage and short-circuit current rating of
the electrode receptacle intended for use with the electrode receptacle enclosure, and

b) A location designation relating to the type of environment the electrode receptacle enclosure has
been evaluated for use in — Dry Only or Dry and Damp locations or Dry, Damp and Wet locations.

¢) An electrode receptacle enclosure designated as suitable for use in dry and damp locations shall
be accompanied by a condition of use indicating that when installed in a damp location the
enclosure must be mounted in a horizontal position with the mouth of the receptacles at the same
height above ground or lower than the closed end of the lampholder.

d) An electrode receptacle enclosure designated as suitable for use in dry, damp and wet locations
shall be accompanied by a condition of use indicating that it is only suitable for use in a wet location

when t
of the |
lamphg

e) The

f)Don

ne receptacles installed in the enclosure are provided with the required capo
ampholder and in a damp location, the lampholder must be mounted with fthe
Ider at the same height above ground or lower than the closed end of the tamp

proper installation of electrode receptacle into the enclosure, and

bt install the enclosure in a position that results in an electrodereceptacle to cq

when installed in a damp location.

4.6 Polymern

4.6.1 General

4.6.1.1 Thes
between a GT|
1000 V. Exam
enclosure in F|

ic neon electrode enclosures

P requirements apply to polymeric neon electrode enclosures intended to encl
D cable conductor and neon tube electrode leads in secondary circuits having
ples of a straight electrode enclosure’is shown in Figure 4.7 and a double b

gure 4.8.
Figure 4.7
Straight polymeric neon electrode enclosure

GTO Sleevin
Outside Fit

Neon Tube

ver the mouth
mouth of the
holder.

llect moisture

pse the splice
voltages over
ack electrode

S4791B

GTO Cable

Polymeric Electrode Boot Inside Fit

GTO Sleeving
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Figure 4.8

Double back polymeric neon electrode enclosure

Double Back Boot

Neon Tube

S4792B

GTO Cable

O Sleeving
hside Fit

4.6.2 Consfruction requirements

46.2.1 The
specified in T4

46.22 The

46.2.3 Anpd
that is 38 mm
The minimum
the splice is t
to extend ove

material of a polymeric neon’ electrode enclosure shall comply with the matg
ble 4.3 part 1 and as determined by the product tests specified in 4.6.5.

thickness of a polymeric material shall be no less than 0.7 mm (0.028 in).

lymeric nedn-€lectrode enclosure shall have a minimum cavity depth to acce
(1.5 in)for 8-mm (0.31-in) diameter tubing and 51 mm (2.0 in) for all other di
lengthhis to provide minimum over-surface spacing between the end of the ne
b bé.made when installed in accordance with the manufacturer’s installation in

rial properties

pt neon tubing
ameter tubing.
on tube where
structions and

r the neon tube electrode

4.6.3 Supply connection means

4.6.3.1

A polymeric neon electrode enclosure shall be constructed to accept one or more of the following

means of secondary supply: GTO cable with GTO cable sleeving, GTO cable with integral sleeving, GTO
cable assembly or GTO cable and glass tubing.

4.6.4 Mounting means

4.6.4.1

A polymeric neon electrode enclosure shall have a cavity diameter that provides a snug fit when

installed onto the neon tubing designated for the electrode enclosure in accordance with the
manufacturer’s installation instructions. The fit of the electrode enclosure on the neon tube is snug when
the electrode enclosure complies with the Retention Test in 3.4.1.11.
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4.6.5 Tests
4.6.5.1 Three samples of a dry location polymeric neon electrode enclosure shall be subjected to the

following conditioning; accelerated temperature aging in 3.2.1.1, ozone conditioning in 3.2.1.4, ultraviolet
radiation conditioning in 3.2.1.5, and humidity conditioning in 3.2.1.6. Where three separate sample sets
are used for each conditioning parameter, all samples of each set shall comply with the dielectric withstand
test (for products rated greater than 1000 V) specified in 3.4.2.5.3. Where the same 3 samples have been
subjected to the conditions specified, the dielectric withstand test (for products rated greater than 1000 V)
specified in 3.4.2.5.3 shall be conducted only after all conditioning has been completed.

4.6.5.2 Three samples of a damp location polymeric neon electrode enclosure shall be subjected to the
following conditioning; accelerated temperature aging in 3.2.1.1, ozone conditioning in 3.2.1.4, ultraviolet

radiation cond
At the conclug
parameter, all
greater than

tioning in 3.2.1.5, humidity conditioning in 3.2.1.6, and cold conditioning speci
ion of the conditioning, where three separate sample sets are used for€ac
samples of each set shall comply with the dielectric withstand test)(for p
000 V) specified in 3.4.2.5.3. Where the same 3 samples have(been sul

iedin 3.2.1.7.
h conditioning
roducts rated
jected to the

conditions spgcified, the dielectric withstand test (for products rated greaterc«than 1000 \
3.4.2.5.3 shall|be conducted only after all conditioning has been completed.

) specified in

4.6.5.3 To de¢termine compliance with the mounting means requirements in 4.6.4.1 for
neon electrode enclosure shall be subject to the Retention Test in 3,4:4.11.

snug fitting, a

46.54 Apo
(0.7 in) and ra
the higher rats
conducted wit

ymeric neon electrode enclosure with a neon tube, electrode diameter designation of 18 mm
ted for greater than 60 mA shall be subjected‘to-a temperature test with neon [tubing having
bd current rating with the smallest electrodé’shell available. The temperature test is to be
h the electrode enclosure installed on the-diameter of mercury/argon tubing [for which it is
rated. The negn tubing shall have the highest gas pressure recommended for the current rating. The total
length of the tlibing shall be the maximum and thenthe minimum for the maximum voltage ¢f transformer
available for the higher current rating. Each(assembly is to be operated at rated currgnt during the
temperature tgsts. GTO sleeving shall be installed on the electrode enclosure over GTO cgble leading to
the electrode enclosure during each test.The maximum operating temperatures of the pglymeric neon
electrode enclpsure measured shall comply with Table 3.9.

4.6.6 Ratings

4.6.6.1 A polymeric neon-electrode enclosure shall be rated for:

a) The Jocation,.dry only or dry and damp, it is intended for use in,

b) The heoprtube electrode diameter it is intended for use with,

c) The voltage rating of a polymeric neon electrode enclosure shall be: 5 kV, 2.5 kV to ground; 10
kV, 5 kV to ground; or 15 kV, 7.5 kV to ground, and

d) Maximum current of 60 mA unless found to comply with a higher current rating.
4.6.7 Markings and installation instructions

4.6.7.1 A polymeric neon electrode enclosure shall be marked on its body with the following:
a) Maximum voltage,
b) Current in milliamps, and

c) The neon tube electrode diameter rating.
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46.7.2

instruction sheets provided per carton of 100 receptacles.

4.6.7.3

enclosure. The installation instructions shall include at least the following information:

Installation instructions shall be provided inside each smallest unit container or at least twenty

Installation instructions are to be provided that illustrate the intended use of the electrode

a) The neon tube electrode must be inserted into the polymeric neon electrode enclosure to a
depth that provides for minimum 1%z in spacing between the end of the neon tube and the mouth of
the electrode enclosure;

b) The maximum voltage and current rating of the polymeric neon electrode enclosure;

c) Al

ocation designation relating to the type of environmental the polymeric

on electrode

enclos

d) Tha
electrg

ure has been evaluated for use in — Dry Only or Dry and Damp locations;

t a polymeric neon electrode enclosure shall the diameter of neon fubing
de enclosure is suitable;

e) That a polymeric neon electrode enclosure with an open end and-designated as §

in dry
in a ds
same

f) Inst

bnd damp locations shall be accompanied by a condition of use indicating that
mp location the open end must be mounted in a horizontal position with the o
neight above ground or lower than the closed end of thé electrode enclosure;

installgtion;

g) Instructions to not install the electrode enclosuré‘outdoors where exposed to rain
in a wet location; and
h) Instfuctions to make sure the neon tubing has been fully inserted inside the electrg
4.7 Glass clp receptacles
471 General
4.7.1.1 Thesge requirements-cover glass cup receptacles that are for use in dry or dry and g

only. The type

a)Ad
electrd
and

s of glass cup_receptacles include:

up that,reCeives a neon tube electrode and GTO cable or GTO Cable ass
de leads’and GTO Cable or GTO Cable assembly leads are spliced within

vith which the

uitable for use
when installed
pen end at the

fuctions to not shorten or cut the electrode enclosure in any way to fit @ neon tubing

and snow and

de enclosure;

amp locations

embly and the
the glass cup,

b) A cup that receives two neon tube electrodes that are conductively connected through a
common contact or a splice between the electrode leads within the cup.

4.7.1.2 Typical appearance of glass cup receptacles are shown in Figure 4.9.
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Figure 4.9

Glass cups receptacles

Neon Tubing electrode lead
to GTO Cable Splice

/
7 y )
Mounting | ~-GTO Cable
Means
< /—\
Neon Tubing—|| | Mounting
T Meadns
= N
o~ T
Feed” Type

Neon Tubing electrode lead to
Neon Tubing electrode lead splice

/

G 3\

Mounting

Means
W/ LN LA LA
X000

TIC N [T

Neon Tubing—4—] Mounting
™ Means

= =)

~———— | S———

o
Tube to Tube Type

54781


https://ulnorm.com/api/?name=UL 879 2022.pdf

APRIL 22, 2022

UL 879

133

4.7.2 Construction requirements

4.7.21

A glass cup suitable for use in dry and damp locations shall be of sufficient length to maintain a

minimum across surface spacing of 38 mm (1.5 in) from the closest point of where exposed current carry
parts of a splice is intended to be located to the open end of the cup.

4.7.3 Suppl

4.7.3.1

y connection means

either GTO Cable or neon tube electrode.

4.7.4 Moun
4741

4742 The
receptacle an

4.7.5 Tests
4751

4752 Adl
Testin 3.4.2.9

4753 Adgl
with neon tub|
shell availabl
mercury/argo
for the curren
maximum vol
rated current
receptacle mq

4.7.6 Ratings

4.7.6.1

ling means

A glass cup receptacle shall be provided with a means for connection to a source of supply by

A glass cup shall be provided with a means of securing it to a building structure,

1 the building surface plus the spacings required in 2.15.

A glass cup receptacle shall comply with the Dielectric Withstand Test in 3.4.2.5.

hss cup receptacle designated for use in a damp location shall comply with
| and the material tests for inorganic, non-metallic materials specified in 3.2.

hss cup receptacle rated for greater than 120 mA shall be subjected to a te
ng or cold cathode tubing having the higher rated current rating with the smg

n tubing for which it is rated.~Thé tubing shall have the highest gas pressure
t rating. The total length ef.\the tubing shall be the maximum and then the m
age of transformer available for the higher current rating. Each assembly is to
during the temperature tests. The maximum operating temperatures of
asured shall comply-with Table 3.9.

A glass cup.receptacle shall be rated for:

a) The

mounting means of a glass cup shall provide at least 1/4-in"\spacing fiom the glass

Condensation

mperature test
llest electrode

. The temperature test is to be(gonducted with the glass cup installed on the diameter of

recommended
nimum for the
be operated at
he glass cup

lecation, dry only or dry and damp, it is intended for use in,

b) The voltage rating shall be: 5 kV, 2.5 kV to ground; 10 kV, 5 kV to ground; or 15 kV, 7.5 kV to
ground, and

¢) Maximum current of 120 mA unless found to comply with a higher current rating.

4.7.7 Markings and installation instructions

4.7.71

4.7.7.2

instruction sheets provided per carton of 100 receptacles.

4773 The

installation instructions shall include the following:

A glass cup receptacle shall be plainly marked with the maximum voltage and current rating.

Installation instructions shall be provided inside each smallest unit container or at least twenty
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a) For a feed type Glass cup, a condition of use shall be provided to instruct the installer to position
the glass cup over the neon tube to a depth that will result in the splice of the neon tube leads are
at a depth that provides for minimum 1%:-in spacing between the end of the neon tube and the

mouth the glass cup.

b) The maximum voltage and current rating and the maximum diameter of neon tubing for which

the glass cup has been evaluated.

c) A location designation relating to the type of environmental the electrode receptacle has been
evaluated for use in — Dry Only or Dry and Damp locations.

d) A glass cup designated as suitable for use in dry and damp locations shall be accompanied by a
condition of use indicating that in a damp location the lampholder must be mounted with the mouth

of the lampholder at the same height above ground or lower than the closed end ofth

e) The|manufacturer’s name and Cat. No. of the GTO sleeving, GTO cable with’inte

b [ampholder.

gral sleeving,

conduif plug assembly or GTO cable assembly that are acceptable for use, with the glass cup and

f) The nounting means provided with the glass cup must be installed to support the gl

4.8 Glass tupbing conduit assembly

4.8.1 General

4.8.1.1

and a glass cup electrode receptacle as shown in Figure 4{40.

Figure 4.10
Conduit plug assembly

Conduit
Polymeric  Fitting
Compression Bushing

Nut ‘%
A@ &

hssembly consists of a rigid length of glass tubihg that encloses GTO cable be

Ass cup.

fween conduit

< GTO Cable
$4782 Conductor
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4.8.2 Construction requirements

4.8.2.1
4.8.3 Suppl

4.8.3.1
cable.

y connection means

4.8.4 Mounting means

The glass tube portion of the conduit assembly shall be a minimum of 0.254-mm (0.01-in) thick.

A tubing conduit receptacle shall be provided with a means to secure to conduit and accept GTO

J=Yeol

urement to

4841 Ac
conduit.

4.8.5 Tests
4851 The

conduit asser
conducted. A
be no evidend

4.8.6 Rating

48.6.1 Aco

4.8.7 Marki

48.71 Aco

a) The

oot rorot

environmental conditioning test specified in 3.3.2 shall be conducted on the gl
hbly except at the completion of the conditioning, the dielectsic withstand te
the completion of the conditioning, the samples shall be-Visually examined 3
e of cracking or breaking.

nduit assembly shall be rated for use with a particular glass cup electrode rece
ngs and installation instructions

nduit assembly shall be plainly marked with the following:

maximum diameter of GTQ!cable that will fit into the assembly, and

b) Wain to not use the component should the glass crack or break.

4.8.7.2 |Insts
instruction sh

4.8.7.3 The

pets providediper carton of 100 receptacles.

nstallation instructions for a conduit assembly shall include the following:

a) ldet

ypPclL

bss tubing of a
5t shall not be
nd there shall

ptacle.

llation instructions’shall be provided inside each smallest unit container or at least twenty

tified’for use with a glass cup receptacle,

b) Identify as suitable for use in dry and damp locations, and

c) Indicate the proper assembly of the conduit assembly.

4.9 GTO cable sleeving

491

4911
GTO cable.

General

These requirements cover GTO cable sleeving of polymeric material that is intended to enclose
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4.9.2 Construction requirements

49.21

part 1 and as determined by the product tests specified in 4.9.5.

The GTO cable sleeving material shall comply with the material properties specified in Table 4.3

4,9.2.2 GTO cable sleeving shall have an inside diameter of 9.4 — 9.65 mm (0.37 — 0.38 in) unless
provided with the condition of use specified in 4.9.7.2 (d).

4.9.3 Supply connection means

4.9.3.1 GTO cable sleeving shall have an outer diameter that allows it to be installed in ¥z-in trade size

conduit and an inside diameter as specifiedin 4 9 2 2 to accommodate GTO cable

4.9.4 Mount

4941 GTO
fitting by a snu

49.5 Tests

4951 Thre
conditioning; 4
conditioning in
for each condi
products rated
samples have
greater than 1
conditioning h

49.5.2 Thre
conditioning: 3
conditioning in
conclusion of
parameter, all
greater than 1
been subjecte

ng means

cable sleeving shall be sized to secure in place onto a electrode/enclosure @
g physical fit.

e samples of a dry location polymeric GTO sleeving shall be subjected to
ccelerated temperature aging in 3.2.1.1, ozone conditioning in 3.2.1.4, ultray
3.2.1.5, and humidity conditioning in 3.2.1.6¢\here three separate sample
tioning parameter, all samples of each set shall comply with the dielectric with

been subjected to the conditions specified, the dielectric withstand test (for
000 V) specified in 3.4.2.5.3, exceptwith a 6 kV applied, shall be conducted
hs been completed.

b samples of a dry and damp_location GTO cable sleeving shall be subjected f¢
ccelerated temperature(aging in 3.2.1.1, ozone conditioning in 3.2.1.4, ultray
3.2.1.5, humidity canditioning in 3.2.1.6, and cold conditioning specified in J
the conditioning~where three separate sample sets are used for each
samples of each-set shall comply with the dielectric withstand test (for p
000 V) specified in 3.4.2.5.3 except with 6 kV applied. Where the same 3
d to the conditions specified, the dielectric withstand test (for products rateg

r at a conduit

the following
iolet radiation
sets are used
stand test (for

greater than 1000 V) specified in 3.4.2:5.3, except with 6 kV applied. Where the same 3

roducts rated
only after all

the following
iolet radiation
.2.1.7. At the
conditioning
roducts rated
samples have
greater than

1000 V) specified in_8.4.2.5.3 shall be conducted with 6 kV applied only after all conditiorjing has been
completed.

4.95.3 To determimetomptiance withthemoumnting means Tequirerments i 4-94-tforsnug fitting, a
GTO cable sleeving shall be subject to the Retention Test in 3.4.1.11.

4.9.6 Ratings

4.9.6.1 GTO sleeving shall be rated: 5 kV, 2.5 kV to ground; 10 kV, 5 kV to ground; or 15 kV, 7.5 kV to

ground.

4.9.7 Markings and installation instructions

49.71

electrical rating that is to include the maximum voltage rating and the voltage to ground.

49.7.2 Insta

llation instructions are to be provided and include the following:

GTO cable sleeving shall be surface marked in intervals not less than 45.7 cm (18 in) with the
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a) Suitable only for use in dry and damp locations,
b) Only suitable for use enclosing GTO cable type wiring,

c) Do not alter the GTO cable sleeving except as specified in the manufacturers installation
instructions,

d) When the inside diameter does not comply with 4.9.2.2, the GTO cable sleeving is not suitable
for use with cord connected neon supplies, and

e) GTO cable sleeving that complies with the temperature rating of 105°C (221°F) as specified in
Line C of Table 4.3 part 2 shall be identified for use in portable signs only.

410 GTO chble splice enclosure
4101 Gengral
4.10.1.1 Thé¢se requirements apply to devices intended to contain or enclose a splice dr enclose and

make a splicg between two lengths of GTO cable. Examples of splice enclosures are sHown in Figure
4.11.
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Figure 4.11

Typical GTO cable splice enclosures

i
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4.10.2 Construction requirements

4.10.2.1
nonmetallic material shall comply with the enclosure requirements in 2.1.

The material of containment or that encloses a splice and is of metal or of an inorganic

4.10.2.2 The material of containment or that encloses a splice and is of a polymeric material shall comply
with the material properties specified in Table 4.3 part 1 and as determined by the product tests specified

in 4.10.5.

4.10.2.3 When assembled as intended, there shall be no openings into the interior of the enclosure.

410.24 A
of metallic copduit or Electrical Metallic Tubing (EMT) of size greater than or equal to nom
size (12.7-mnp) diameter.

4.10.2.5 A @TO cable splice enclosure with dead metal shall be provided with bonding me
terminating tfo 18 — 14 AWG (0.9 — 2.1 mm?) conductors. One equipment ground

rd trade sizes
nal Yz-in trade

Ans capable of
ng means or

hns has been
of a pressure

termination point shall be provided for each conductor unless a single.'grounding me
investigated and found suitable to accommodate two conductors such as with the use
terminal conngctor rated for two conductors of the required range of wire-sizes.

41026 A
sufficient spa
from the entry

5TO cable splice enclosure identified for use_in/dry and damp locations| shall provide
te for 63.5 mm (2.5 in) of GTO Cable insulation {e*not be stripped off the cabl¢ as measured
point into the enclosure and the high voltage cennection means.

4.10.3 Supply connection means

4.10.3.1 A GTO cable splice enclosure shall be shall be constructed to accommodate [fwo lengths of
GTO cable.

4.10.4 Mounting means

4.10.4.1 Unless provided with-a‘strain relief means capable of withstanding a force of 44.% N (10 Ib) and

weighing lesg
enclosure sha

than 4.54 kg (1" Ib) and intended to be an in-line type splice enclosure, a GT|
Il be providedwith a means to be secured in place.

O cable splice

4.10.5 Test

41051 A lTO cable splice enclosure shall be provided with a strain relief means such [that the splice
connection is not subject to stress and is capable of withstanding a pull force of 13 N (3 Ib) for a secured in
place type splice enclosure or 44.5 N (10 Ib) for an in-line type splice enclosure each for a period of one
minute with no visible indication that stress is transmitted to the splice connection.

4.10.5.2 A GTO cable splice enclosure shall comply with the Dielectric Voltage Withstand Test in 3.4.2.5.

4.10.5.3 A dry location GTO cable splice enclosure with an all polymeric enclosure shall have three
samples subjected to the following conditioning; accelerated temperature aging in 3.2.1.1, ozone
conditioning in 3.2.1.4, ultraviolet radiation conditioning in 3.2.1.5, and humidity conditioning in 3.2.1.6.
Where three separate sample sets are used for each conditioning parameter, all samples of each set shall
comply with the dielectric withstand test (for products rated greater than 1000 V) specified in 3.4.2.5.3.
Where the same 3 samples have been subjected to the conditions specified, the dielectric withstand test
(for products rated greater than 1000 V) specified in 3.4.2.5.3 shall be conducted only after all conditioning
has been completed.
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4.10.5.4 A dry and damp location GTO cable splice enclosure with an all polymeric enclosure shall have
three samples subjected to the following conditioning; accelerated temperature aging in 3.2.1.1, ozone
conditioning in 3.2.1.4, ultraviolet radiation conditioning in 3.2.1.5, humidity conditioning in 3.2.1.6, and
cold conditioning specified in 3.2.1.7. At the conclusion of the conditioning, where three separate sample
sets are used for each conditioning parameter, all samples of each set shall comply with the dielectric
withstand test (for products rated greater than 1000 V) specified in 3.4.2.5.3. One set of 3 samples is to be
subjected to the Condensation Test in 3.4.2.9. Where the same 3 samples have been subjected to the
conditions specified, the samples shall comply with the Condensation Test in 3.4.2.9 when conducted after
all other conditioning has been completed.

4.10.6 Ratings

4.10.6.1 Thel voltage rating of a polymeric neon electrode enclosure shall be: 5 kV, 2.5 kV|to ground; 10
kV, 5 kV to grqund; or 15 kV, 7.5 kV to ground.

4.10.7 Markings and installation instructions

4.10.7.1 A TO cable splice enclosure shall be permanently marked on the.body of the splice enclosure
with the ratingg, including the maximum voltage and voltage to ground.

4.10.7.2 Instpllation instructions are to be provided with each unit;

4.10.7.3 Thqinstallation instructions shall include the following:

a) Themaximum open circuit voltage of 5 kV, 2.5 kVto ground; 10 kV, 5 kV to ground} or 15 kV, 7.5
kV to ground,

b) A lofation designation relating to the type of environmental the electrode receptacle has been
evaluafed for use in — Dry Only or Dry and Damp locations.

411 Sign bgdy, awning and face material-not enclosure rated
4111 General

4.11.1.1 Thepe requirements-cover rigid and flexible sign face materials used to form a sign face, sign
body and awn|ng and not.intended to comply with enclosure requirements.

4.11.2 Cons}ructionequirements

4.11.2.1 Polymere-material-shal-comply-with-the-material-properties-speeifiedinTable4-3 part 1 and as
determined by the product tests specified in 4.11.3.

4.11.2.2 A flexible sign face material shall be minimum 0.51-mm (0.020-in) thick unless designated and
evaluated for use with a particular flexible sign face tensioning system.

4.11.3 Tests

4.11.3.1 A flexible sign face material shall comply with the Breaking Strength and Tear Resistance Tests
in 3.2.2.8. Half of the samples for the Breaking Strength and Tear Resistance Tests shall be subjected to
ultraviolet radiation conditioning as specified in 3.2.1.5 and ozone conditioning as specified in 3.2.1.4
before being tested.
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411.4 Mark

4.11.4.1

ings and installation instructions

Installation instructions shall include the following:

a) lllustrate the proper installation and securement of the material into or onto a sign;

b) A location designation indicating the environmental condition for which the product has been
evaluated (e.g. wet, damp, or dry location); and

c) An indication that the material is only acceptable for use as an awning, sign face or sign body.

4.12 Enclosure sign face materials

4121 Gemlral

41211
product is to g

4.12.2 Cons

41221 An

part 1 and a
designated o

minimum V-2

4.12.3 Tests

4.12.3.1
Sheet Materi
radiation cond

412.3.2 An
Pullout Tests

The¢se requirements apply to sign face and sign body materials where ‘their

Thiee samples of enclosure sign face-material samples prepared as specified for

Iso function as an enclosure of current carrying parts.

truction requirements

s determined by the product tests specified in 4,12.3. An enclosure sign
nly for use in portable cord connected products heed only have a flammag

bl Impact Test in 3.2.2.9 shall.(be subjected to ozone conditioning in 3.2,
itioning in 3.2.1.5 and then Impact test in 3.4.1.6.

enclosure sign face material shall comply with the Torque, Bending Momer
n3.2.2.13.

ise in an end

enclosure sign face material shall comply with the material properties specifi¢d in Table 4.3

face material
bility rating of

the Polymeric
1.4, ultraviolet

t and Conduit

4.12.3.3 An|enclosure sign\face material shall comply with the Component Support Test in 3.2.2.14 and
upon completjon of the Tést Support Test.

4.12.4 Ratings

4.12.4.1 An'eneclosuresign-face-material-shal-berated-the maximum-operating-temperatiire and for the

environmenta

1
| conditions, dry, dry and damp or dry, damp and wet locations.

4.12.5 Markings

4.12.5.1

An enclosure sign face material shall be marked on the protective film provided over surface of

material, with the company name and model designation. The marking shall be provided along both edges
of the protective film repeating every 2 ft.

4.12.6

4.12.6.1

Installation instructions

The installation instructions shall include the following:
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a) The mounting system of a sign face, such as channels, flanges or trim, must secure the sign
face to the enclosure in such a way that the edges of the sign face are not exposed to the interior of

the sig

n.

b) A heat producing component such as electrode, transformer, power supply and ballast is to be
located no closer than 2.54 cm (1 in) of this material, or for a material with a minimum temperature
rating of 105°C (221°F) or greater. This material is suitable for contact with heat producing
components such as electrode, transformer, power supply and ballast in the end product.

c) An end product using this material must be marked anywhere where readily visible during
servicing.

d) "Do not attempt to repair or service a damaged sign face, cable support, or high-voltage splice

insulat

Applicg
(Blanks

e) "Da

f) This
body a
only.

g) This

like.
413 Signfa
4131

Gene

4.13.1.1

br. For servicing of this sign, contact " (Blank to be
nt's Company name, City and State.) "Replace only with ~Typ
to be replaced by Applicant's Company name and material Type or deSignatid

hger — High Voltage — Disconnect Power Before Servicing."

material must be a minimum of 2.5-mm (0.1-in) thick to be acceptable as an ¢

material has been investigated for the securemént of conduit, electrode hg

ce tensioning systems

al

Theise requirements apply to a systém of mechanical hardware to secure and put

flexible sign face material in a sign, such.as a backlit banner sign.

413.2 Cons

41321 Asi

is 5.1-mm (0.0

413.2.2 Asi
face.

ruction requirements

gn tensioning system shall provide adequate tensioning of a flexible sign facg
20-in) thickor greater.

gn tensioning system shall not rely on a polymeric material to maintain the ten

replaced by

a)
-

n.)

nclosure sign

hd face material. This material in lesser thickness is acceptable as a sign face or sign body

usings or the

under tension

material that

sion on a sign

4.13.2.3 A sign tensioning system shall be capable of securing a 0.5-mm (0.020-in) thick flexible sign
face material and withstand a pull of at least 200 Ibs as determined by the Sign Face Tensioning Test
specified in 4.13.3.

4.13.3 Tests

4.13.3.1

Five samples of the sign tensioning system are to be tested with 0.5-mm (0.020-in) thick

samples of flexible sign face material each 38.1-mm (1-1/2-in) wide mounted in sections of the Sign face
tensioning system. Each assembly is to be mounted in an Instron tension testing machine and the force for

breaking or sli

ppage out of the material from the sign tensioning system is to be measured.

4.13.4 Markings and installation instructions

4.13.4.1 Inst

allation instructions shall include the following:
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a) An indication of its intended environmental location, suitable for use in dry, dry and damp or wet
locations,

b) Indicate that its securement means is not acceptable where an electrical enclosure is required,

c) Where tension clips are part of the tensioning system, an indication of the maximum spacing
between tension clips,

d) An indication that any frame dimension greater than 6 ft needs to be braced to prevent billowing.
4.14 Structural materials

4141 General

41411 These requirements apply to structural panels that incorporate polymeric.or’cellulosic (wood
based) materials in their structure and may be relied upon to provide structural support’in an|end product.

4.14.2 Congtruction requirements

4.14.2.1 A structural panel shall comply with the material properties specified in Table 4.3 part 1 and as
determined by the product tests specified in 4.14.3.

4.14.2.2 A structural panel that is not designated for use in dry locations only shall be suitable for use in
wet locations.

4.14.2.3 A gtructural panel intended for use in a wet\ocation utilizing plywood in its construction shall
utilize wood that is rated for outdoor use.

4.14.2.4 A structural panel that utilizes adhesive to bond layers of materials together ghall utilize an
adhesive thatjcomplies with the Standard fér Polymeric Materials — Electrical Equipment Ejaluations, UL
746C, for secirement of the material involved or the combination be evaluated in accordancg with 4.14.3.

4.14.3 Test

4.14.3.1 A gtructural panelhaving layers bonded together by adhesive shall continue to bond the layers
together and pot be subjeet to a reduction in bond strength when subjected to the Adhesivie Laminations
Bond Strength Test in-3.2.2.12.

4.14.3.2 A gtructural panel intended for connection or support of conduit shall comply with the Torque,
Bending Momentand Conduit Pullout Test, 3.2.2 13

4.14.3.3 A structural panel intended for mounting and support of components shall comply with the
Component Support Test, 3.2.2.14.

4.14.4 Markings and installation instructions

4.14.41 Installation instructions shall include the following:

a) lllustrate the proper cutting, pointing, installation, component securement and securement to a
building surface of a structural panel;

b) A location designation indicating the environmental condition for which the product has been
evaluated (e.g. wet, damp, or dry location);
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c¢) Structural panels are acceptable for supporting enclosures, plastic faces, and moldings that are
reliably secured to the panel;

d) Structural panels are not suitable to be used as the enclosure of bare live parts or wiring;

e) Components other than neon standoffs or small decorative parts must be secured to the panel
by bolts, nuts and washers of minimum 7/16-in diameter;

f) All exposed edges of a structural panel, including drilled holes, etc., are be treated with two coats
of outdoor paint or wood coating;

g) Sheet metal screws may be used when fastening a ballast or transformer weighing more than
3.4 kg (7-1/2 Ibs); and

h) A lgtter made from a structural panel shall have at least two points of supportand|shall have no
point more than 25.4 cm (10 in) from a point of support.

4.15 Electrode receptacle insulator
4151 General

4.15.1.1 These requirements electrode receptacle insulators foruse in dry or dry and damp locations
only as shown|in Figure 4.12.

Figure 4.12

Typical electrode receptacle insulator

e/
N/

Electrode Receptacle
Insulator

Neon Tube

Electrode Receptacle

S4779
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4.15.2 Construction requirements

4.15.2.1 A polymeric electrode receptacle insulator shall have a flammability rating of at least V2 and be
ozone and ultraviolet radiation resistant.

4.15.3 Mounting means

4.15.3.1 A polymeric electrode receptacle insulator shall be provided with a means of securement to the
contact terminal of an electrode receptacle.

4154 Tests

4.15.4.1 A polymeric electrode receptacle insulator shall comply with the Dielectric Withstand Test in
3.4.2.5. The fielectric withstand voltage is to be applied between the electrode recepta¢le terminal to
which the insylator is secured and a sheet metal plate position at the top of the insulator cap

4.15.4.2 A polymeric electrode receptacle insulator designated for use in a damp locatioh shall comply
with Condensgtion Test, 3.4.2.9.

4.15.5 Ratings

4.15.5.1 A polymeric electrode receptacle insulator shall be rated:
a) Environmental location, dry only or dry and damp, and

b) Ong of the following voltage ratings; 5 kV, 2.5kV to ground; 10 kV, 5 kV to ground; or 15 kV, 7.5
kV to ground.

4.15.6 Markings and installation instructions

4.15.6.1 A polymeric electrode receptacle insulator shall be plainly marked with the maximum voltage
rating.

4.15.6.2 Insjallation Instructions shall be provided inside each smallest unit container or at least twenty
instruction sheets providediper carton of 100 polymeric electrode receptacle insulators.

4.15.6.3 The installation instructions shall specify the means of installing the polymieric electrode
receptacle inqulatorto the electrode terminal including the routing of the GTO cable form the|terminal

4.16 Trim cap
4.16.1 General

4.16.1.1 These requirements cover trim caps used to secure a sign face material to a channel letter. The
signs face material is either of the non-enclosure rated or enclosure rated type.

4.16.2 Construction requirements

4.16.2.1 The material requirements of a polymeric trim cap shall comply with Table 4.3 part 1.
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4.16.3 Mounting means

4.16.3.1
letter. Perman

4.16.4 Ratin

4.16.4.1

4.16.5 Marki

416.51 Ap
smallest unit ¢

4.16.5.2 The
include perma

ent securement by screws is acceptable.

gs

A polymeric trim cap shall be rated for dry, damp and wet locations.

ngs and installation instructions

pntainer.

installation instructions shall specify the means of installing the polymeric
ent securement instructions including spacing of fasteners.

417 Dimmers, flashers, controllers and animators

4171 General

4.17.1.1 Thel requirements in this section apply to electromagnetic and electronic dimm
controllers angl animators for use with illumination, including.Jight emitting diodes, electro
and neon.

4.17.2 Construction requirements

4.17.21 A dimmer, flasher, controller and.animator shall be capable of functioning pro
100,000 cycle|of operation at rated load.

4.17.2.2 A dimmer, flasher, controller and animator shall comply with the requireme

interrupting de
4.17.3 Supp,

417.31 Ad
cord and be s

vices in 3.4.2.11.
ly connection means

mmer, flasher, controller and animator provided shall be provided with either a
uitablexonly for use in a portable sign or be provided with leads or termina

A polymeric trim cap shall be provided with a means of physical fit to the edge of a channel

| inside each

trim cap and

ers, flashers,
uminescence

perly through

hts for circuit

power supply
| intended for

factory installjﬁon.

4.17.4 Mounting means

4.17.4.1

A dimmer, flasher, controller and animator shall be provided with means to be mechanically

secured in place within an enclosure or to a building structure in accordance with the National Electrical

Code.

4.17.5 Mounting means

41751
follows:

a) Inpu

t Test, 3.4.2.2, under full load testing as specified in 4.17.5.2,;

b) Normal Temperature Test, 3.4.2.3, under full load testing as specified in 4.17.5.2;

A sign dimmer, flasher, controller and animator shall be subjected to the basic product tests as
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c) Dielectric Voltage Withstand Test, 3.4.2.5, with no load connected;

d) Abnormal Operation Tests, 3.4.2.7.2, with fans, and unit shorted and opened circuited. Where
multiple outputs are provided, short circuit conditions shall be with other output loads and other
outputs not loaded;

e) Ground Continuity Test, 3.4.2.6, with no load; and

f) Impact Test, 3.4.1.6, with no load.

4.17.5.2 Full load condition is when the maximum load current is drawn through a unit that creates the
maximum heating condition. The maximum load current is to be determined to be a combination of the
duty cycle frequency and the maximum on time with a setting that produces the brightest output with the

maximum number of lighting units illuminated.

4.17.5.3 A gign dimmer, flasher, controller and animator shall be subjected to_the follgwing tests as
applicable to the particular construction features provided:

a) Abrjormal Component Breakdown Test, 3.4.2.7.3, when active electronic switching components
are provided;

b) Cirguit Interrupting Devices Tests — Overload and Endufance Tests, 3.4.2.11, when switching
devicgs are electromagnetic contacts and not rated for atdeast 100,000 cycles;

c) Leakage Current Test, 3.4.2.4, for a cord connected unit;

d) Strgin Relief Test, 3.4.1.3, when a non-detachable cord connected unit;

e) Printed Wiring Board Tests in 3.4.2.12, when a printed wiring board with greatef than Class 2
energy is present and the printed wiring boards do not comply with the Standard for|Printed Wiring
Boards$, UL 796.

f) Knogkout Test, 3.4.1.2, when unit is provided with more than one opening that is not an open
hole;

g) Mold Stress Relief Distortion Test, 3.4.1.1, when provided with a polymeric enclosuyre; and
4.17.6 Mounting means

4.17.6.1 A sign dimmer, flasher, controller and animator shall have at least the folloying electrical
ratings:

a) The inputratings in voltage, amps, and frequency;
b) The output voltage rating(s) in DC or rms; and

¢) The maximum output or throughput current rating(s).

4.17.6.2 The frequency rating described in 4.17.6.1(a) shall be designated in the words "cycles per
second," "cycles/second," "hertz," "c/s," "cps," or "Hz."

4.17.6.3 When a sign dimmer, flasher, controller and animator is intended to operate only from a direct-
current supply, it shall be marked either "direct-current” or "DC."

4.17.7 Markings and installation instructions

4.17.7.1 The installation shall include the following:
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a) A location designation indicating the environmental condition for which the product has been
evaluated (e.g. wet, damp, or dry location);

b) A dimmer, flasher, controller and animator shall have a condition of use that specifies the
electrical ratings;

¢) A dimmer, flasher, controller and animator unless provided with it own qualifying enclosure with
input and output conduit connection means shall have a condition of use that specifies:

1) The unit must be enclosed in the end product, and
2) The minimum volume of an end product provided enclosure;

d) A djmmer, ilasher, controller and animator shall specity the minimum distance¢ between its
exteriof and any other heat producing component.

|4.18 LED cgmponents
4.18.1 General

4.18.1.1 Theg requirements in this section apply to LED components including LED display] units and the
power source for use in Section Signs and LED Changing Message-Signs.

Note: Requirements for LED Displays and arrays are covered in 4.18.1 to 4.18.4. Requirements for LED power soyrces are covered
in 4.18.5 to 4.18.10. Requirements for LED panels are covered in 4.18.11 t0.4.18.14.

4.18.1.2 LED components intended for factory installation in electric signs that comply wjth one of the
standards sperified in Table 4.4.0, shall additionally,cemply with applicable requirements of 4.18.

4.18.1.3 LED units intended to be supplied by.a class 2, LPS, or LVLE power source are only required to
comply with the applicable requirements of'this standard.

Table 4.4.0
Applicable Standards for LED Components
Standard® LED display” LED panel® LED arrays
Electric Sign Components,JK879 9 X X X
Light Emitting Dipde (LED) Equipment for Use in Lighting X X
Products, UL 8750
Information Technology Equipment — Safety — Part 1: X X
General Requirements, UL 60950-1
Audio/Video, Information and Communication X X
Technology Equipment — Part 1: Safety Requirements,
UL 62368-1

3 See 4.18.5 for standards applicable to power sources intended for use with LED units.

®) LED displays evaluated to one of the information technology standards specified in this table shall additionally comply with
applicable requirements of 4.18.2 —4.18.4.

° LED panels evaluated to one of the LED or information technology standards specified in this table shall additionally comply with
applicable requirements of 4.18.11 — 4.18.14.

9 Except where specifically evaluated to UL 879 for factory installation in electric signs, an LED display unit shall fully comply with
the applicable requirements of one of the standards specified in this table.

4.18.2 Construction

| 41821 Deleted
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4.18.2.2 LED displays and arrays intended for connection to a Class 2 power source in wet locations
shall be suitable for connection to a power source with an output voltage of no greater than Notes 2 and 3
of Table 2.12 and Table 2.13 unless accompanied by an installation instruction requiring the units be kept
dry in the end product.

4.18.2.3 LED Displays and arrays intended to connect remotely to a Class 2 power source shall be

4.18.3 Ratings

I 4.18.3.1 The rating for LED displays and arrays shall include the voltage and current.

4.18.4 Instdllation instructions

| 41841 LE
following:

a) A lpcation designation indicating the environmental condition forwhich the pro

provided with Class 2 wiring methods in accordance with the National Electrical Code, NFPA 70.

D displays and arrays shall be provided with installation instructions that include the

juct has been

evalugted (e.g. wet, damp, or dry location);
b) For|products rated Class 2, a statement that these products are only suitable for donnection to a
circuitjpowered from a Class 2 or LPS power source;
c¢) These products have not been evaluated for usecwhen connected to a power solirce that does
not comply with Class 2 voltage and energy limited supplies; and
d) For|lwet location products, "These products, are not required to be enclosed or protected from
weather."
4.18.5 Construction
I 4.18.5.1 Poyver supplies, LED drivets yand transformers are required to operate within their rated input

and output rafings.

| 41852 un
shall be enclo

| 41853 Po

ess identified as suitable for field installation, power supplies, LED drivers an
sed in an elettrical enclosure.

ver supplies, LED drivers and transformers may have more than one Class 2 0

d transformers

r LPS output.

4.18.5.4 Ex

epbfor features specified in this standard, power supplies and LED drivers sh

bll comply with

Safety

one of the following applicable standards:

Requirements, UL 62368-1; or

I 4.18.5.5 Power supplies and LED drivers for portable LED signs

a) The Standard for Class 2 Power Units, UL 1310;
b) The Standard for Information Technology Equipment — Safety — Part 1: General Requirements,
UL 60950-1;

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

d) The Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:

e) The Standard for Light Emitting Diode (LED) Equipment for Use in Lighting Products, UL 8750.
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4.18.5.6 Direct plug in or through cord style power supplies and LED drivers marked "Indoor Use" or “dry
location” are suitable for portable signs only.

4.18.5.7 Direct plug in or through cord style power supplies marked for I.T.E. Use Only are suitable for
portable signs only. I.T.E. denotes Information Technology Equipment.

| 4.18.5.8 Direct plug in or through cord style power supplies and LED drivers marked "Class 2" or "LPS"
do not require an electrical enclosure for the LEDs. LPS denotes Limited Power Source.

4.18.5.9 Power supplies for permanently wired signs shall comply with the following:

a) Secondary circuits connected to the output of power supplies complying with the requirements in
the Stgndard for Information Technology Equipment Safety — Part 1: General Reqliirements, UL
6095041, and having secondary circuits that are SELV or ELV, and that are not hazgrdous energy
level, dre to have the secondary circuits wired as Class 1 circuits.

b) Secondary circuits connected to the output of power supplies complying'\with the rdquirements in
the Stgndard for Information Technology Equipment Safety — Part 1: General Requirements, UL
6095041, and having secondary circuits that are "LPS" may be wired as’Class 2 circuifs.

c) Power supplies evaluated for use in Pollution Degree 2 environments are restrictgd to indoor or
dry locgtion signs.

d) A Pgllution Degree 2 evaluated power supply that is.cempletely conformal coated pr potted may
be usefl in a damp, wet, or outdoor sign.

e) A Pollution Degree 2 evaluated power supply.installed in an enclosure equivalent to a Type 3,
3S, or 4X enclosure may be used in a damp,wet, or outdoor sign.

f) A Pdllution Degree 3 evaluated power,supply installed in an enclosure equivalent|to a Type 3R
enclosiire or an enclosure meeting.the-Water Exclusion requirements of the Standard for Electric
Signs, UL 48, may be used in a wetor outdoor sign.

4.18.5.10 A fransformer for permanently wired signs shall comply with the following:

a) Clags 2 and Class~3-Aransformers in the Standard for Low Voltage Transformers — Part 1:
Generdl Requirements;"UL 5085-1, and the Standard for Low Voltage Transformers - Part 3: Class
2 and ¢lass 3 Transformers, UL 5085-3;

b) The [Standard for Transformer and Motor Transformers for Use in Audio-, Radio-, ahd Television-
Type Apphiances, UL 1411;

c) Specialty Transformers in the Standard for Low Voltage Transformers — Part 1: General
Requirements, UL 5085-1, and the Standard for Low Voltage Transformers — Part 2: General
Purpose Transformers, UL 5085-2; or

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

4.18.5.11 A transformer and power supply shall be required to operate within its rated input and output
ratings.

4.18.5.12 All live parts of a power supply and transformer shall be enclosed within a qualifying material
with limited openings. The live parts that are required to be enclosed are all parts connected to an
electrical circuit that is not designated as complying with Class 2 or LPS requirements and the live parts
are not otherwise enclosed in accordance with the requirements in the Standard for Electric Signs, UL 48.
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4.18.5.13 Power supplies and transformers with integral electrical enclosures with provision for
permanent wiring in accordance with this standard are considered to comply.

4.18.5.14 Power supplies and transformers installed in a Type 3, 3R, 3S, or 4X enclosure are considered
to comply.

4.18.5.15 Power supplies and transformers where the electrical enclosure is provided as part of a new
factory built sign are not required to have an electrical enclosure.

4.18.5.16 Fuses shall be inaccessible by being located completely within an electrical enclosure unless
the fuseholder is of the type that will prevent insertion of a higher current rated fuse (i.e. lockout type

extractor fuseholder).

4.18.5.17 Where a fuse is provided, it shall be mounted in a fuseholder of the proper.typd

be soldered |
technology.

4.18.5.18 The fuse type identification and ampere rating shall be marked en,or adjacent t

fuseholder.

418519 A
(NTC) resista

maximum tenmperature requirements or otherwise used to gbtain acceptable test results sh

the requireme
Calibration CI

4.18.6 Supy

4.18.6.1 Kn
for field suppl
for Safety for

4.18.6.2 Se

a wiring com
circuits is not

4.18.7 Mou

y pigtail style leads directly to a printed wiring board or be mounted using

thermistor, Positive Temperature Coefficient (PTC) or Negative Temperaty
hce, provided to limit the output of a unit to within_the required current or power

nts of other appropriate standards listed in_Appendix A of this standard, an
ass of C1 or C2.

ly connection means

bckouts for trade size 1/2 fittings'shall be provided when fittings or bushings an

and rating, or
surface mount

b, the fuse and

re Coefficient
levels, or with
bll comply with
d shall have a

e not provided

y connections. Knockouts shall withstand a 10-Ib knockout test as specified in the Standard

| uminaries, UL 1598.

condary connections:may be pig-tail leads a minimum 5-ft long, 6-in long pigtail leads within

bartment, or a/terminal connector. A terminal connector for connection to (
required to be.enclosed.

hting means

Class 2 output

41871 Ap

ower source shall be provided with a means to be mounted either to a building

structure or to

the body of an end product.

4.18.8 Tests

4.18.8.1

A LED power source shall be subjected to the basic product tests as follows:

a) Input Test, 3.4.2.2, under full load testing as specified in 4.17.5.2;

b) Normal Temperature Test, 3.4.2.3, under full load testing as specified in 4.17.5.2. An LED power
source intended for factory installation within a sign enclosure shall be tested at an elevated
ambient of 40 £5°C (104 £9°F) minimum;

c) Dielectric Voltage Withstand Test, 3.4.2.5, with no load connected;
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d) Abnormal Operation Tests, 3.4.2.7.2, with fans, and unit shorted and opened circuited. Where
multiple outputs are provided, short circuit conditions shall be with other output loads and other
outputs not loaded;

e) Ground Continuity Test, 3.4.2.6, with no load; and

f) Impact Test, 3.4.1.6, with no load.

4.18.8.2 Power supplies or transformers provided with a fan or blower are to be tested with the rotor of
the fan or blower stalled. Motor winding temperatures shall be measured during the test and shall not

exceed 150°C

4.18.8.3 A cf
the stalled rot
test.

4.18.9 Ratin

418.9.1 AC
a) The
b) The

c) The

4.18.9.2 The
second," "cycl

4.18.10 Marl

4.18.10.1 Th

gs

(302°F) for a Class 105 insulation system.

br test. A dielectric voltage withstand test is to be conducted after the abnor

ass 2 power source shall have at least the following electrical ratings:
nput ratings in voltage, amps, and frequency;
putput voltage rating(s) in DC or rms; and

maximum rated output current for each output:

frequency rating described in 4.18.9.1 (a) shall be designated in the worg
bs/second," "hertz," "c/s," "cps," or "Hz,"

Kings and installation instructions

e installation instructions are to include the following:

a)Alo
evalua

b) Identification of €ach LED circuit that is restricted to Class 2 or LPS limits;
¢) The puitabilityof rain enclosure shall be determined if intended for wet location;

d) Mounting-position shall be specified if the enclosure has ventilation openings; and

cation designation«indicating the environmental condition for which the prod
ed (e.g. wet, damp, or dry location);

pmponent-stattnotresutt-imariskof-fireor-etectricshockas=aresuit-of being subjected to

mal operation

s "cycles per

uct has been

e) The suitability of electrical enclosure and secondary wiring shall be determined if single circuit
power requirements exceed Class 2 or LPS limits.

4.18.11 Construction

4.18.11.1

A LED panel shall comply with the enclosure requirements for the intended location.

4.18.11.2 Where a LED panel complies with the enclosure requirements based in part on its printed
wiring board backing, the printed wiring board shall be rated minimum 105°C (221°F) with a minimum
flammability rating of V-0.

4.18.11.3 Power supplies and transformers are required to operate within their rated input and output

ratings.
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4.18.11.4 Power supplies for LED panels shall comply with one of the following standards specified in
4.18.5.4.

4.18.11.5 Power supplies shall comply with the following:

a) Power supplies evaluated for use in Pollution Degree 2 environments are restricted to indoor or
dry location signs.

b) A Pollution Degree 2 evaluated power supply that is completely conformal coated or potted may
be used in a damp, wet, or outdoor sign.

c) A Pollution Degree 3 evaluated power supply is suitable for use mounted on the back side of a
LED panel designated for use in a wet location

4.18.11.6 A|power supply provided with a LED changing message panel shall be(requifed to operate
within its rated input and output ratings.

4.18.12 Tests
4.18.12.1 Tgsts are required in the end product.
4.18.13 Ratjngs

4.18.13.1 The rating for LED panels shall include the inputwoltage and current of the LEDs or the input
voltage and crrent of the power supply (ies) when provided.

4.18.14 Insfallation instructions

4.18.14.1 A|LED changing message panel Shall be provided with installation instructions that provide
detailed diagfams and instructions showifig the proper installation of the LED panels |n a changing
message sigr].
419 Electroluminescent displays

4.19.1 Geng¢ral

4.19.1.1 ThI requirements in this section apply to electroluminescent displays provided ag either a panel
or strip for us¢ in assign.

4.19.2 Construetionregtirements

4.19.2.1 The polymeric materials of an electroluminescent panel shall have a minimum flammability
rating of at least HB when connected to a Class 3 power source in portable applications and 5VA where
used in permanently installed end products.

4.19.2.2 An electroluminescent panel shall be provided with an accessibility barrier unless connected to
a power source that complies with the Class 3 power source requirements in 2.12.6.1.

4.19.3 Supply connection means

4.19.3.1 An electroluminescent panel shall be provided with either an integral or separable power source
that is capable of being connected to a branch circuit source of supply.
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4.19.4 Mounting means

4.19.4.1

use specify the panel must be made inaccessible in the end product.

4.19.5 Tests

4.19.5.1

An electroluminescent panel shall be provided with mounting means or include a condition of

In addition to potential material evaluation tests related to enclosure and insulating material

requirements, an electroluminescent panel or strip shall be subjected to the Input Test, 3.4.2.2, the Normal
Temperature Test, 3.4.2.3, and the tests specified in 4.19.5.2 - 4.19.5.4.

4.19.5.2 An
have most of

sheets of alum

no close as to

up to 30.5 cm|
obtain a total &

4.19.5.3 Using a sample of an electroluminescent panel prepared as specified in 4.19.5.

between both
operating freq

419.54 Usi
withstand volt
be no dielectri

4.19.6 Ratin

419.6.1 An
maximum are
an electrolumi
provided.

4.19.7 Markings and installation instructions

419.71 The

a) Detg
and pa

electroluminescent panel intended for use in portable and permanent end pro

duct use shall

the side that does not illuminate and the side that does illuminate covereg
inum foil. The foil is to extend as close as possible to the edge of each side of
exceed the spacing requirements in 2.15. The size of the test sample' shall h
(12 in). The length of the panel shall be at least 30.5 cm (12 in)qup to 91.5
rea of panel that is as close as possible to but does not exceed 930 tm? (144 i

g a sample of an electroluminescent panel prepared as specified in 4.19.5.
ge of 1000 V at 60 Hz shall be applied between both sections of aluminum fg
C breakdown.

gs
blectroluminescent power source shall be provided with input voltage and cu

of electroluminescent panelithe supply is for which the power supply is rated.
hescent panel shall inclGde the input voltage and the input current per mm?

installatien-nstructions shall include

iled diagrams and instructions showing the proper installation of the power s
hel:

by separate
the panel, but
bve a width of
cm (36 in) to
n?).

2, the current

sections of aluminum foil shall be measured using a current meter capable of measuring the
Lency of the intended panel supply source. The current'shall no exceed 0.5 mA.

P, a dielectric
il. There shall

rrent and the
The rating for
(in?) or when

burce, cabling

b) The

electroluminescent panel is suitable for installation in a dry or damp location.

c) The electroluminescent panel must be made inaccessible in the end product utilizing the

thermo

plastic barrier provided.

d) The power source/controller and cabling from the controller to the electroluminescent panel are
intended to be made inaccessible in the end product.
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4.20 Switch enclosures
4.20.1 General

4.20.1.1 The requirements in this section apply to Enclosures or covers intended to be installed over
switches to prevent the entry of moisture when the switch activator is installed exposed to wet location
conditions in an end product.

4.20.2 Construction requirements

4.20.2.1 The material of a polymeric neon electrode enclosure shall comply with the material properties
specified in T: i ified i

4.20.2.2 A switch enclosure shall prevent the water from contacting the actuator portionof p switch.

4.20.2.3 A gwitch enclosure shall provide a water seal between the mounting\surface th
switch is instdlled and the switch enclosure to prevent the entry of water. To accommodatq
seal against g surface a switch enclosure shall be capable of being mechanjeally secured t

rough which a
the means to
b a switch and

be tightened ggainst the mounting surface around the switch.

4.20.3 Mounting means

4.20.3.1 A switch enclosure shall be capable of being mechanically secured to the switch if is intended to

cover or be mechanically secured to the mounting surface-around the switch.
4.20.4 Test

4.20.4.1
the conditioni

Thé material of a switch enclosure_shall remain flexible and not tear or crack wheg
ng and tests specified in 4.20.4.2"— 4.20.4.5.

n subjected to

4.20.4.2 Thiee samples of a switch-enclosure not mounted to a switch are to be su
Flexibility and|Hardness Test specified in 3.2.2.10.

pjected to the

4.20.4.3 Thiee additional samples of a switch enclosure shall be installed in accordance with the
manufacturer|s installation.instructions to samples of the intended switch mounted through @ hole made in
a 30.4 by 30j4 cm (12«by 12 in), 0.051 — 0.061-cm (0.020 — 0.024-in) thick segment of [sheet steel or
directly to thg sheet.steel. The hole in the sheet metal segment shall be the size recommended by the
manufacturer|of the switch.

4.20.4.4 The switch enclosures are to be subjected to the following sequence of tests and conditioning.
During and between each test and conditioning sequence the switch enclosures are not to be tightened or
adjusted in anyway. The tests and conditioning sequence shall be conducted in the following order: Mold
Stress Relief Distortion Test, 3.4.1.1, Ultraviolet Radiation Exposure Conditioning, 3.2.1.5, Cold
Conditioning, 3.2.1.7, Icing Test, 3.2.2.18, Thermal Cycling Exposure, 3.2.1.3, and Flexing Test, 3.4.1.12.
Following these conditions and tests, the 3 samples are to be subjected to the Rain Test, 3.4.1.9. The
switch enclosure shall continue to prevent the entry of simulated rain from entering the switch that it is
intended to be mounted over. During the tests the side of the switch on the side of the sheet metal
segment opposite the switch enclosure is to be covered or sealed to prevent moisture from entering the
switch from what would normally constitute the inside of a sign. Due to being subjected to elevated
temperatures, the switch is not required to remain functional at the conclusion of the testing.
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4.20.4.5 The 3 switch enclosure samples subjected to the tests and conditioning specified in 4.20.4.4 are
to be subjected to the Flexibility and Hardness Test specified in 3.2.2.10 and shall not have a flexibility and

hardness that has decreased by more than 10 units.

4.20.5 Ratings

4.20.5.1

switches of a common identifiable construction, such as a toggle switch.

A switch enclosure shall be rated for a specific switch or a series of universally available snap

4.20.6 Markings and installation instructions
4.20.6.1 All markings other than the certification mark shall he marked on the smallest unit package.
4.20.6.2 [Instpllation instructions shall include the following:
a) This|device is intended suitable for use in outdoor electric sign applications.
b) The|ability of this product to prevent water from entering a switchxneeds to be evpluated in the
end prgduct.
c) The toggle switch for use with this switch enclosure shall comply with the following:
1) The toggle (switch actuator) shall be rounded<to prevent abrasion and [cutting of the
switch enclosure.
2) The assembly shall be mounted on the\bettom or side surface of a sign body only.
3) Unless the switch body is completely enclosed in a weatherproof englosure, drain
openings shall be provided in the battom of the enclosure in which the switch i$ installed.
4) The toggle (switch actuaton) shall be metal
4.21 Sign rotating equipment
4.21.1 Generfal
4.21.1.1 Theg requiremehis"in this section apply to motorized units intended to be placed between a
mounting surilfce and-a sign causing the sign to rotate and transferring power to the|sign through
commutator ripgs.
4.21.2 Construction requirements
4.21.2.1 A rotator shall be so designed that a risk of personal injury shall not occur when the rotator is

installed as int

ended in service.

4.21.2.2 A rotator shall be capable of handling the maximum normal load rating without creating a risk of
fire, electric shock, or injury to persons.

42123 Am

otor winding shall resist the absorption of moisture.

4.21.2.4 With reference to the requirement in 4.21.2.3, film-coated wire is not required to be additionally
treated to resist absorption of moisture, but fiber slot liners, cloth coil wrap, and similar moisture-absorptive
materials are to be provided with impregnation or otherwise treated to resist moisture absorption.
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4.21.2.5 A brush-holder assembly shall be constructed so that when a brush is worn out — no longer
capable of performing its function — the brush, spring, and other parts of the assembly shall be retained to
the degree necessary not to cause accessible dead metal parts to become energized, and live parts to
become accessible.

4.21.2.6 An appliance shall incorporate thermal or overload protection in accordance with 2.14.3 and
2.14 .4 if it is intended to be permanently connected, continuous-duty, and manually started, employing a
motor rated 1 horsepower (746 W output) or less, or remotely or automatically controlled.

4.21.2.7 For a multispeed rotator that employs a separate overload protective device to provide running

overload protection, the requirement applies at all speeds at which the motor is intended to operate.

42128 AT
not be eviden

4.21.29 Ov
in a motor, sh
each ungroun

4.21.2.10 Fuses employed for motor-running overload protection shall be located in ead

conductor; an

4.21.2.11
the load that i
421212 O

operable mot
wholly inacce

421213 A
persons shall

421214 A
constructed t
become a risk

4.21.3 Supy

An overload- or thermal-protective device shall have a current and voltage ratin

ptator having load characteristics likely to result in an overload or stalled c¢or
to the user is required to incorporate thermal or overload protection.

brload devices employed for running overload protection, other than-those th
all be located in at least one ungrounded conductor of a single-phase supply
ded conductor of a 3-phase supply system.

d in each of the phases of a 3-phase, 3-wire, alternating-current motor.

controls.

her than an operating handle of a eircuit breaker, the operating button
br protector, and similar parts may project outside the enclosure, a protective ¢
5sible from outside the appliance without opening a door or cover.

rotating or moving part that; if it should become disengaged, may create a n
be provided with a means to retain the part in place.

rotating member,the breakage of which may create a risk of injury to per|
b reduce the likelihood of its breakage, or the release or loosening of a
of injury to persons.

ly connection means

dition that will

at are inherent
system and in

h ungrounded

J not less than

bf a manually
levice shall be

isk of injury to

sons, shall be
art that could

42131 As

gn rotator shall be provided with leads and terminals for the connection of inp

Ut power to the

motor and separate input and oufput Teads and terminals for have the commutator rings.

4.21.4 Mounting means

4.21.4.1

and to the base of a sign.

4.21.5 Tests

4.21.5.1

A sign rotator shall have permanent mechanical means of being secured to a based structure

A sign rotator shall comply with the Input in 3.4.2.2, Normal Temperature in 3.4.2.3, Dielectric

Voltage Withstand Test in 3.4.2.5, Starting Motor in 3.4.2.10.1, Locked Rotor Tests in 3.4.2.10.2 and the
Continuous Operation test in 4.22.6.2.
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4.21.5.2 A sign rotator designated for use in a damp location shall comply with Condensation Test in
3.4.2.9.

4.21.5.3 A sign rotator shall comply with the Rain Test in 3.4.1.9. A sign rotator having a specific
orientation for rotating a sign shall be tested in that orientation during the Rain Test shall not contact

current carryin

g parts.

4.21.6 Ratings

4.21.6.1

a) The

A sign rotator shall have at least the following electrical ratings:

input ratings in voltage, amps, and frequency;

b) The

c) The

4.21.6.2 The
second," "cycl

throughput voltage rating(s) in DC or rms; and

maximum throughput current for each circuit.

frequency rating described in 4.18.9.1 (a) shall be designated-in the word
bs/second," "hertz," "c/s," "cps," or "Hz".

4.21.7 Markings and installation instructions

42171 Asi
a) Rats
b) Max

c) The

42172 Asi

a)Alo

on rotator shall be permanently marked with the fellowing:
d input voltage, current and frequency,
mum rated throughput voltage and currént,

maximum load by weight for which-the rotator is intended.

on rotator shall be provided with installation instructions that include the followi

cation designation indicating the environmental condition for which the prod

evaluated (e.g. wet, damp,.or.dry location);

s "cycles per

ng:

uct has been

b) A sign rotator shall hayve a condition of use that specifies the electrical ratings;
c) A sign rotator_unless provided with it own qualifying enclosure with input and qutput conduit
connedtion megans shall have a condition of use that specifies:

1) Thé unit must be enclosed in the end product, and

2) The minimum volume of an end product provided enclosure.

d) A sign rotator shall have a condition of use that specifies the maximum load in pounds of the
product to be mounted onto it to be rotated.

4.22 Clock mechanisms

4.22.1

4.22.1.1

General

to function as a clock mechanism.

The requirements in this section apply to electronic circuits and motorized components intended
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4.22.2 Construction requirements

4.22.2.1

interrupting devices for the intended load in accordance with 2.14.2.

Any switching contacts of a clock mechanism shall comply with the requirements for circuit

4.22.2.2 An electromechanical clock mechanism shall be constructed to make moving parts inaccessible

during normal

operation other than the time indicating parts of the clock mechanism.

4.22.2.3 An electromechanical clock mechanism shall be constructed with spacings specified in Table

4.4.
Table 4.4
Time recording motor spacings
Smallest acceptable through-air and over-surface
spacings
Potential injolved in V Location of parts involved mm (in)
0-p0 Commutator or collector rings of a 1.2 (3/64)
motor
51-[125 Commutator or collector rings of a 1.6 (1/16)
motor
126 4250 Commutator or collector rings of a 1.6 (1/16)
motor
215300 Commutator or collector rings of a 2.4 (3/32)
motor
4.22.2.4 If ipsulation is provided in lieu of spacings between a magnetic coil winding and other
uninsulated liye parts or grounded dead metal parts, the type of insulation may differ from that required by
4.22.2.5 and 4.22.2.6. Crossover lead insulation and insulation under coil terminals secured to the coil

winding need
(0.013in), thg

42225 An
grounded de
polarity, shall

42226 An
spacing throu
space shall b

not comply with 4.22.2.5 and* 4.22.2.6, if, for an insulation thickness of less
re is no indication of breakdown as a result of the Abnormal Operation Test in |

insulating barrier-or;liner used as the sole separation between uninsulated
hd metal parts(including the enclosure), or between uninsulated live par
be of materialithat complies with 2.13 and shall be not less than 0.71-mm (0.03

insulating barrier or liner used in conjunction with an air space in place @
gh airshall be not less than 0.71-mm (0.028-in) thick. If the barrier or liner is
b-notless than 0.8 mm (1/32 in), and if the barrier or liner is of other material

than 0.33 mm
8.4.2.7.

live parts and
s of opposite
8-in) thick.

f the required
of fiber, the air
not acceptable

for the suppo
found to fulfill

Of uninsulated live parts, the air space provided shall be such that, upon in
the intent of the requirement.

4.22.3 Supply connection means

4.22.31

power to the motor.

4.22.4 Mounting means

4.22.4.1

A clock mechanism shall have mechanical means of being secured to a sign.

estigation, it is

A clock mechanism sign shall be provided with leads and terminals for the connection of input
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