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INTRODUCT

1 Scope

ION

1.1 These requirements cover audio and video products intended for use on supply circuits in accordance
with the National Electrical Code, NFPA 70.

1.2 These requirements, where applicable, cover:

a) Audio products and accessories intended for household use and involved with the
reproduction or processing of audio signals. Examples of such products include amateur radio
products, amplifiers, intercommunicating devices, phonographs, radio clocks, radio-

phon
tunern

b) V
in wg
or frg
recei
ampl
moni

c) Auixiliary products and accessories intended for use’Wwith audio or video product

auxili
used
prod
degal

d) Vv

faciliffes.

e) C
wher
recei

f) Pg
foru

\Lcts include character generators, editing céntrollers, video switches and enco

bgraphs, radio receivers, record players, fape players, tape recorders, transce
Famplifiers, and similar products.

deo products that are intended for household or commercial use, and that rec
ys such as off the air, through a CAT/MATV cable system, from a video-recor
m image-producing units. Examples of such products are video'tape recorder
ying, -processing, -recording, -producing, and -amplification groducts; televisio
fiers; cable television (CAT) converters; television tunersjtelevision receivers
ors; television cameras; and similar products.

ary and accessory products are separate and do.not perform the desired func
in addition to or as a supplement to productscaccording to (a) and (b). Examp)
ssers, video tape rewinders, head demagnetizers, tape erasers, and similar
deo products intended for entertainment purposes in ordinary locations of hea
bllular telephones and similar transceiving devices used on a vehicle, boat, or

b the telephone interconnécts to the telephone network through a radio transn
Ver.

be with a mafine or any other battery circuit as the power supply means.

1.3 Battery
packaged wi
audio or vid

h or ‘specifically referenced in literature packaged with a product but intendeq
products, are categorized as battery chargers or power supplies and are n

vers, tuners,

bive signals
Hed medium,
5; video-
N-antenna
and

5 wherein the
ion, but are
les of such
Hers, CRT
roducts.

th-care

the like
itter and

rtable audio orvideo products of the types described in (a) — (c) and (e) that are intended

Chargefs Jand power supplies, whether portable or for permanent installgtion and not

for use with
bt covered by

these require

meris.

1.4 These requirements do not cover products that are covered by the Standard for Commercial Audio
Equipment, UL 813.
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1.5 Audio or video products intended for use by children are covered by these requirements, but shall
also comply with the applicable requirements in the Standard for Electric Toys, UL 696.

1.6 Video products intended for use at mercantile and banking premises to provide a means of recording
holdup attempts or similar activities in the area shall also comply with the applicable requirements in the
Standard for Surveillance Camera Units, UL 983.

1.7 Circuits in audio or video products intended to connect directly to a telecommunication network shall
comply with the applicable requirements in the Standard for Information Technology Equipment Safety —
Part 1: General Requirements, UL 60950-1 or the Standard for Audio/Video, Information and

Communication Technology Equipment — Part 1: Safety Requirements, UL 62368-1.

1.8 A separdiely enclosed non-powered loudspeaker that is nof intended for connection|to a specific
audio amplifyling source shall comply with the requirements in the Electronic Industries Asspciation (EIA)
Interim Standard 1S-33, Recommended Loudspeaker Safety Practices — An Industry Guideline, dated May
1987.

1.9 Deleted

2 General

2.1 Comporjents

2.1.1 Except|as indicated in 2.1.2, a component of a product:covered by this standard sha|l comply with

the requirem
in the produg

2.1.2 A com

a) In

produict covered by this standard; or

b)

S

2.1.3 A com
use.

2.1.4 Specif
capabilities.
temperatures

bnts for that component. See Appendix A for*a-list of standards covering com
s covered by this standard.

bonent is not required to comply with-aispecific requirement that:

volves a feature or characteristicnot required in the application of the compon

superseded by a requirement in this standard.
ponent shall be used'in accordance with its rating established for the intended
c companents are incomplete in construction features or restricted in

Such components are intended for use only under limited conditions, suc
not exceeding specified limits, and shall be used only under those specific cg

pbonents used

ent in the

conditions of

performance
h as certain
nditions.
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2.2 Undated references

2.2.1 Any undated reference to a code or standard appearing in the requirements of this standard shall
be interpreted as referring to the latest edition of that code or standard.

3 Glossary
3.1 For the purpose of this standard the following definitions apply.
3.2 ACCESSIBLE PART — A part located so it can be contacted by a person, either directly or by

means of the probe (see Figure 18.1 and 3.43) or a tool (see 18.4.1), or not recessed the required
distance behind an opening (see 18.1.2).
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3.3 ADJUSTABLE CONTROL — A control provided for making adjustments necessary to render the
product capable of performing its intended functions.

3.4 BARRIER — A part, usually an added part, that is required to comply with requirements involving
accessibility, spacings, risk of fire, and the like.

3.5 BRANCH CIRCUIT — A branch circuit is that portion of the building wiring system beyond the final
overcurrent device on the power-distribution panel protecting the circuit to the field-wiring terminals in a
permanently connected unit or to the receptacle outlet for a cord-connected unit.

3.6 CART - A stand, as defined in 3.45, that is provided with casters, wheels, or rollers to make it
mobile.

3.7 CASTER — Any roller or swiveled wheel attached to a stand or product that makes.the stand or
product mobile.

3.8 CHILD'$ PRODUCT - A child’s product is one that is decorated or specially)constructed (pictures,
color, or shape) so as to appeal to children or is advertised (on the product orShipping carfon or in
advertising literature) by the organization responsible for the product as béing intended for use by
children.

3.8A COIN/BUTTON CELL BATTERY — A small, single cell battery having a diameter grepter than its
height.

3.9 COMMEBRCIAL PRODUCT - A product intended for use in a commercial establishment such as a
hotel, a mote], a house of worship, a school, or a busingss.

3.10 CONDJTIONED LAMP — A lamp that has been operated for a minimum of 100 hours|

3.11 CONTAINED ATMOSPHERIC ENERGY, (CAE) — The amount of energy resulting from the gas
contained within a lamp. The CAE is calculated as follows:

CAE = 0.15 (PC - PE) V

in which:
PC ig the contaiped pressure in atmospheres,
PE ig the external pressure in atmospheres, and

V is the-volume in cubic centimeters.

3.12 DEACTIVATED LAMP — A lamp end-of-life failure mode that is caused by the depletion of the
filament emission material so that the lamp gasses cannot be ionized. A deactivated lamp may be
simulated as follows:

a) For a rapid-start lamp, two lamps are utilized, each with one end connected to one of the
lampholders, the other end open-circuited and

b) For an instant-start lamp using a circuit-interrupting lampholder, the lamp is removed and the
circuit-interrupting lampholder terminals are short-circuited.
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3.13 EXPOSED PART — A part that is subject to handling in normal use. Exposed parts include a
phonograph pick-up arm and connections; antenna leads and terminals; grounding leads and terminals;
metal parts on the back, top, sides, or front of the overall enclosure; and parts at or near operating

controls.

3.14 FIBER — Where the term “fiber” is used in this standard to denote a material usually used as
electrical insulation, vulcanized fiber is meant. Cellulose fiberboard, pressboard, fullerboard, or
cardboard shall not be used in lieu of fiber. Fishpaper is a designation commonly used in the trade to
refer to thin sheets of electrical grade vulcanized fiber.

3.15 FIELD-WIRING TERMINAL — Any terminal to which a supply or other wire can be connected by
an installer in the field is a field-wiring terminal.

3.16 FLOOR
supported on
corner.

3.17 GROUN

-MOUNTED (CONSOLE) PRODUCT - A product that is intended to be used
a floor one surface, generally the back, intended to be positioned adjacent to

ID — Earth ground, unless otherwise specified.

3.18 HAZARD — The term hazard used alone is intended to be interchangeable with the ph

fire, electric s
phrase “risk
interchangea

hock, or injury to persons.” If used otherwise, it is intended to be interchange
pf.” For example, the phrases “fire hazard” and “risk-0f fire” are intended to b
Dle.

3.19 HAZARDOUS ENERGY CIRCUITRY — Circuitry capable of:

a) P
wher

b) D
desc

3.20 HEALT
hospital, a ny
limited to a n
intended for

conductor, sU
is likely to be

3.21 HIGH-H
exceeds 5 Jg

oducing a voltage exceeding 42.4 V peak*(21.2 V peak for an outdoor-use ap
b wet contact is likely to occur) or

blivering more than 15 W into amexternal resistor, as determined by the meth
ibed in the Power Supply Tests, Section 77.

H-CARE FACILITY PRODUCT - product intended for entertainment purposes
rsing home, a medical-care center, or a similar health-care facility in which ins
bnhazardous area~in“accordance with the National Electrical Code, ANSI/NFP
Ise in a criticalécare area in which a patient may be treated with an externalizé
ch as a probe,-a catheter, or other electrode, connected to the heart; howeve
contacted’by a patient during his stay in a health-care facility.

RESSURE LAMP — A lamp in which the contained atmospheric energy (CAE
ules*cold (de-energized 50°C or less). See 3.11 and 3.32.

and
a wall or

rase “risk of

Ible with the

pliance and

bds

for use in a
tallation is

A 70. It is not
bd electrical

, the product

equals or

3.22 HIGH-VOLTAGE PART — Any part that operates continuously at or above 2500 volts peak.

3.23 HIGH-VOLTAGE PRODUCT - A product that incorporates high-voltage parts.

3.24 HOUSEHOLD PRODUCT - A product intended for use in the home.

3.25 INSTANT-START LAMP CIRCUIT — A circuit that uses a high open-circuit voltage to start lamps
that usually have a single contact at each end.
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3.26 INTERLOCK — A mechanism that de-energizes parts involving a risk of electric shock or injury to
persons before they become accessible to the user when the enclosure of the part is opened or a cover
is removed.
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3.27 IN-WALL MOUNTED PRODUCT - A product that appears intended for in-wall mounting, has
provisions for mounting ears or flanges, or is provided with in-the-wall mounting instructions. The product
would be placed inside a wall cavity with some part of the product located behind the plane of the wall.

3.28 ISOLATING TRANSFORMER — A device containing two or more coils of insulated wire that
transfers alternating-current energy by electromagnetic induction from one winding to another. The coil
connected to the supply circuit is referred to as the primary. Any coil isolated from the primary is referred
to as a secondary winding. The primary and secondary windings are not conductively connected and
therefore the transformer provides electrical isolation of the secondary circuit or circuits from the primary
circuit.

3.29 LAMP COMPARTMENT — A compartment that encloses a projection lamp. The housing may be

metallic or pd

3.30 LINEC
isolation (sug
branch circui

3.31 MAJOR

a) F
back

b) Is
persq

For the purp
encompasse
deletions with
sections that
of the part an
3.1.

3.32 MEDIU
than 0.5 Joul

3.33 MINOR
opening.

3.34 OPERA

lymeric, and include a glass diffuser or lens, a metal canopy, a screen, or the

DNNECTED OR DIRECT CONNECTED — Generally used to mean thatthere i
h as by an isolating power transformer) between any of the circuitscof the prd
supplying electrical energy to the product.

ENCLOSURE PART — A part that:

brms more than 50 percent of the area of any surface 6 an enclosure, such
top, bottom, or either side and

needed to comply with the requirements to reduee ‘the risk of fire, electric shod
ns, or to reduce the likelihood of mechanicalxdamage to internal parts.

ose of this definition, the surface areaof a part is considered to be the
I by the perimeter of the part, including the area composed of holes, perf
in the boundaries of the part. If an\enclosure surface is formed by separate s
d the computation of the surface area are to be based on the composite surfac
M PRESSURE LAMR_—A lamp in which the contained atmosphere energy (C/

e and less than 5-Jotles. See 3.11 and 3.21.

DIMENSION:OF OPENING - The diameter of the largest sphere that can pas

the user to ¢

TINGSCONTROL — A control, usually a knob, a pushbutton, or a lever, provig
use‘the product to perform its intended function, without the use of tools, whej

like.

5 no electrical

duct and the

as the front,

k, or injury to

surface area
brations, and
tions, those

C
perform the same enclosure function are to be considered together; and both :t1e evaluation

b. See Figure

\E) is greater

s through the

led to enable
n the product

is in normal operating corditiorn:

3.35 ORDINARY TOOLS - Flat-blade and cross-head screwdrivers, nut drivers, and pliers.

3.36 OUTDOOR LOCATION — An unprotected location exposed to weather.

3.37 PICTURE TUBE SIZE, DETERMINATION OF — The maximum dimensions of the bulb of the tube
determine the tube diagonal, diameter, or equivalent area.
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RECESSED

HANDLE ~_|

S1

Examples of some major enclosure parts

PICTURE TUBE

CONTROLS

—
/

SIDE

¢
~>2 ~

.)3\

/

i

SB1770

MAJOR ENCLOBURE PARTS:

a) TOP — The top surface is a single ¢ontinuous piece of material comprising 100 percent of the surface and is cq
required part of the enclosure. _Therefore, it is a major enclosure part.

b) FRONT — Thq front sufface is composed of several parts and materials, including the front mask and escutcheo
operator control$, the speaker grille, the picture tube, and an overlay around the tuning and operator controls.
operator controlg,~overfay, and speaker grille are not major enclosure parts, even though they are required parts

4

TUNING AND OPERATOR

OVERLAY

, SPEAKER GRILLE

TCHEON

nsidered to be a

h, the tuning and
The tuning and
pf the enclosure,

because they do not form more than 50 percent of the 1ToNnt surace. The surace area Is computed for each part nd
they do not perform the same enclosure function. The front mask and escutcheon is a major enclosure part because when
computing the surface area encompassed by the perimeter of the part — including the area composed of openings for the picture
tube, the tuning and operator controls, and the speaker grille— the resulting area comprises more than 50 percent of the front surface.

vidually because

c) SIDE - The side surface is composed of several parts and materials, including the recessed handle and three panels (S4, Sy, and
S3). The recessed handle is not a major enclosure part, even though it is a required part of the enclosure, because it does not form
more than 50 percent of the side surface. The panels Sy, S,, and S3 are major enclosure parts, even though each panel by itself
does not form more than 50 percent of the side surface, because the three parts perform the same enclosure function, and when

taken together, they form more than 50 percent of the side surface.
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3.38 PORTABLE HIGH-VOLTAGE PRODUCT - A high-voltage product that complies with one or more
of the following:

a) It can be operated from self-contained batteries and is provided with a carrying handle or
similar carrying means and has a mass less than or equal to 9 kilograms,

b) It can be operated from self-contained batteries and has no carrying handles or other similar
carrying means and has a mass less than or equal to 1 kilogram when weighed without batteries,
and

¢) Any high voltage product that can be operated from self-contained batteries and might be held
in one hand during any phase of normal operation regardless of mass.

3.39 PORTAIBLE PRODUCT - A product, other than a high-voltage product (see 3.38), that fomplies with
one or more pf the following:

a) lt|is provided with a carrying handle or similar carrying means and. has a masg less than or
equa] to 18 kilograms.

Exception: Rack-mounted product handles are not considered to-‘be carrying handles
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b) It has no carrying handles or other similar carrying means and has a mass less than or
equal to 1 kilogram when weighed without batteries and is likely to be moved frequently.

¢) Any product that might be held in one hand during any phase of normal operation regardless
of mass.

Exception: Lightweight products such as preamplifiers, tuners, tape decks, decoders, or noise reduction
units that depend upon connection to other products to be functional and by virtue of this are not
frequently moved from one location to another are not considered to be portable.

3.40 POWER-SUPPLY CORD - The cord provided to connect the product to the supply circuit.

3.41 PREHH
combination

3.42 PRINTH
been added.

3.43 PROBE

3.44 RAPIDA
an open-circy

3.45 STAND
3.46 SUPPL

3.47 TABLE
bench, a she|

similar carrying means, its mass is more than™9 kilograms for high voltage products or 18 K

other than hi
mass is more
3.39(b).

3.48 UNDEH
cabinet mour

3.49 UNRELU
integrated cir

3.50 USER-{

AT CAMP CIRCUIT — ATamp connected in series with a reactance ballast ang
n parallel with a manual or automatic starter.

ED-WIRING ASSEMBLY — A printed-wiring board on which separateccompone

— An instrument used to determine accessibility of a live patt. See Figure 18.

START LAMP CIRCUIT — A circuit using continuously, héated lamp filaments,
it voltage for the ballast to start the lamp without a_starter.

— A structure intended to support a product.
Y CIRCUIT — The branch circuit supplying-€lectrical energy to the product.

TOP PRODUCT - A product that is intended to be used and supported on a {
f, and the like, or mounted in a product rack. If provided with carrying handles

hh voltage products; if no carrying handles or other similar carrying means are
than 1 kilogram. Also includes products exempted in 3.38(a), 3.38(b), 3.39(a
CABINET PRODUCT — A product intended to be secured to the bottom surfa

ted over a countertop.

IABLE COMPONENT — Any rectifier, vacuum tube, transistor, electrolytic cap3
cuit (both)true and hybrid), or similar electrical or electronic component.

BERVICING — The replacing, cleaning, adjusting, and similar maintenance ope

the

nts have

1.

along with

able, a

or other
lograms for
provided, its
, and

ce of a

citor,

rations

intended to |

accomptistied by the user—See User-Servicing, Sectionm 15:

3.51 WET LOCATION - In direct contact with earth ground, and locations subject to saturation with

water.
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CONSTRUCTION

ALL PRODU

4 General

CTS

4.1 The requirements in this Section apply to all products within the scope of this standard. They are

supplemente

d by requirements in separate Sections that apply to a specific product.

4.2 The construction of the product shall be such that the product complies with each of the following:

a) The operation and user-servicing of the product does not result in a risk of fire, electric

shoc

. Of INjury to persons,

b) The materials and components are used within their electrical, mechanicaly.and

limits]

and

c) The assembly protects the components and wiring from being displdced or dam

4.3 The mat

those involvin

5 Combinat

5.1 An audig
as an integra
the requirems

Exception: A

only comply

brials, components, and wiring referred to in 4.2 and elsewhere in this stand

on Units
or video product (such as a tuner, tape deck,phonograph, video camera, or

bnts for high voltage products.

with the requirements for that particular product, if the combination complies w

following items:

a) T

comy

b) Tl
mate
encla

artments of the combination unit and

pe barrier or barriets that form the high-voltage product compartment are form
rial and contain openings that comply with the requirements for a high-voltage
sure whefjiidged as if the other compartments did not exist.

g a risk of fire, electric shock, or injury to persons unles§Jspecifically indicateq

part of a high voltage product is consideredra combination unit and shall com

\n audio or video product used with'a high-voltage product as part of a combina

ne high-voltage product'‘and the audio or video product are located in separatg

temperature

hged.

ard are to be
otherwise.

he like) used
ply with all of

tion unit need
th both of the

od of a
product
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6 Double Insulated Products

6.1 A product that complies with the requirements in the Reference Standard for Double Insulation
Systems for Use in Electronic Equipment, UL 2097, as well as the applicable requirements in this
standard, may be marked in accordance with 127.12.1 and 127.12.2.

7 Undercabinet Products

7.1 In addition to the applicable requirements in this standard, an undercabinet product shall comply with
all of the following:

a) It shall be provided with a power-supply cord in accordance with Table 24.1;

b) Itijshall comply with the enclosure impact tests described in Table 98.1;

c) It phall comply with the Temperature Test, Section 68, when mounteddn accordance with
104.2 and 104.3;

d) ltjshall comply with the Undercabinet Elevated Ambient Test, Section 105;
e) ltfshall comply with the Undercabinet Increased Moisture Tést, Section 106; ang

f) It ghall comply with the Undercabinet Mounting Secutity’ Test, Section 107.
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7.2 An undercabinet product shall be provided with all the necessary hardware for mounting the product
using ordinary tools in accordance with the manufacturer’s installation and operation instructions specified
in Installation, Operation, and Other Instructions, Section 130. These installation and operation
instructions are to be used to set-up the undercabinet product for the tests specified in 7.1.

7.3 An undercabinet product shall be provided with means for routing the power-supply cord and with
cord storage or a means so that excess cord does not hang down.

8 Outdoor-Use and Wet-Location Products

8.1 A product intended for outdoor use or for use in wet locations shall:

a) Bg provided with a Type SJ or heavier service power-supply cord, or a type defgrmined to
be equivalent, rated for outdoor use;

b) B¢ grounded as described in Grounding, Grounding Impedance, and Continuity,| Section 28,
or dguble-insulated as described in the Reference Standard for Double Insulation Jystems for
Use in Electronic Equipment, UL 2097;

¢) Withstand the Outdoor-Use Wetting Test, Section 103; and

d) Wlithstand the ultraviolet light exposure test described-inithe Standard for Polymeric
Matefials — Use in Electrical Equipment Evaluations, Ub 746C.

Exception:  Products not intended for outdoor*use need not withstand the ulfraviolet light
expopure test described in UL 746C.

8.2 A produdt is considered to be intended for outdoor use or for use in wet locations if it complies with
one or more pf the following:

a) ltfis provided with a means (handles, wheels, rollers, or similar manipulatory deyices) making
it trapsportable;

b) It$ mass is less than 35 kilograms;
c) It can be operated from a battery; and
d) The produet-manufacturer’s literature (instruction manual, use-and-care informatjon,

adveftising .O0r promotional material, or packaging) indicates or implies outdoor or wgt location
use ¢f the“product when connected to an AC source of supply.

Exception: A-productas described i 8-2(a), 8- 2(b), or 8. 2(c)that is marked as specified in 128.3.1
(Outdoor use or wet location warning marking) is not intended for outdoor use or for use in wet locations.

8.3 A product that is connected to primary circuit power and is intended to be permanently installed and
operated in an outdoor location shall comply with 8.1 (a) and (b) and employ an enclosure that complies
with the requirements for Type 3 enclosures in the Standard for Enclosures for Electrical Equipment,
Non-Environmental Considerations, UL 50.
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9 Multiple-Supply-Circuit-Voltage Products

9.1 A product using a supply-circuit voltage selector shall be tested in accordance with the
Multiple-Voltage Product Test, Section 80, without resulting in a risk of fire or electric shock. The product
shall be provided with instructions and marked in accordance with 127.10.1 — 127.11.2.

9.2 A product that can be set to different rated supply-circuit voltages shall be constructed so that the
indication of voltage to which the product is set is externally visible and preferably in the area adjacent to
the rating information. See 127.11.1.

9.3 If the product is provided with more than one voltage-setting device or selector, it shall be made clear
as to how all devices or selectors are to be set. See 127.11.2.

9.4 The consgtruction of the supply-circuit voltage selector shall be such that the supply-gircuit voltage
setting canngt be unintentionally changed.

9.5 If the prgduct is constructed so that the supply-circuit voltage selector setting/can be changed by the
user, the action of changing the voltage selector setting shall also change.the supply-dircuit voltage
indication.

10 In-Wall Mounted Product

10.1 An in-wall mounted product shall be investigated for its)suitability for the purpose [and shall be
provided with installation instructions in accordance with 130.86, 1.

Exception: A product that by construction appears to.be intended for in-wall mounting But that is not
evaluated foll the application shall be marked in accordance with 127.14.1 and need not comply with this
requirement

10.2 An in-wfall mounted product shall be provided with means for permanent connection tp the primary
circuit power [in accordance with Supply CGonnections — Permanently Connected Products, $ection 25.

11 Fire
11.1 A risk df fire is considered o exist if the open-circuit voltage between any two points|in a circuit is

equal to or greater than 250Q0-volts peak or if power of more than 15 watts can be deliyered into an
external resigtor connecteth. between the two points. See the Power Supply Tests, Section 17.

12 Electric $hock

12.1 Produgt.leakage current

12.1.1 The leakage current at any accessible part shall not be more than 0.5 milliampere when tested in
accordance with 67.1.1 — 67.2.3 if the open-circuit potential between the accessible part and earth ground
or any other accessible part is more than 42.4 volts peak for an indoor product or where wet contact is
not likely to occur and 21.2 volts peak for an outdoor product or where wet contact is likely to occur.
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12.2 Electric shock during user-servicing

12.2.1 General

12.2.1.1 The risk of electric shock is considered to exist at any part exposed only during user-servicing
if:

a) The open-circuit potential between the part and earth ground or any other simultaneously
accessible parts (see 67.1.2) exceeds the value specified in Table 12.1 and
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b) Any one or more of the following conditions exist:

1) A continuous current flow through a 500-ohm resistor exceeds the limits specified in
Table 12.2,

2) A combination of magnitude and duration of peak current flow through a 500-ohm
resistor exceeds the limits specified in 12.2.2.1, and

3) A combination of capacitance and voltage exceeds the limits specified in 12.2.3.1 or
12.2.3.2.

12.2.2 Transient

12.2.2.1 The

duration of a transient current— unidirectional or alternating — through a 5004ohm resistor,

connected bgtween any part exposed only during user-servicing and earth ground or@any other accessible

part, shall sa

in which:

Tis
curre

isfy the following equation:

r (20\/5)1;43
- /

he duration, measured in seconds, from the time that the instantaneous value|of the
nt first exceeds 7.1 milliamperes until the time that the current falls below 7.1 milliamperes

and femains so for at least 1 second (typical calculated values appear in Table 12.3) and

| is the peak current in milliamperes— this current shall not exceed 809 milliampere$ regardless

of du
12.2.3 Store

12.2.3.1 The
satisfy the fo

ration.

j-energy

lowing:

capacitance _between capacitor terminals that are accessible during user-sgrvicing shall
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< — 4?8'400 for E less than or equal to 400 volts
E"(n E —1.26)
C < 35,288E-1:5364 for E greater than 400 volts
in which:
C is [he capacitance of the capacitor in microfarads and
E is the potential in volts across the capacitor prior to discharge. E is to be measured 5
secohds after the capacitor terminals are accessible by the removal or opening of an
interfocked cover, or the like. Typical calculated values are shown in Table 12.4.
12.2.3.2 A pprt involving a potential of more than 40 kilovolts peak is t0\be investigated|to determine

whether or n

12.2.3.3 The
discharge of

bt it involves a risk of electric shock.

Table 12.1

Maximum voltages

blades of an attachment plug are considered to be-aCcessible parts that may
B capacitor when short-circuited.

result in the

Maxirhum volts?

Fundamental Wet corjtact likely to
Wave form frequency, hertz gceur,
But not
Alternating|voltage, direct voltage, and Greater greater
combinations of both Polarity reversal than than no® yes
Where the chafge in instantaneous yoltage for | Where the Any Any 60 volts 30 volts
all durations equal to 5 percent of the_period of |instantaneous voltage peak peak
the fundamentdl frequency of the wave form is | does not reverse in
not more than 20 volts for dryslocations and 10 | polarity
volts for wet logations®
Where the Any Any 60 volts 30 volts
instantaneous voltage peak ang peak and
does reverse in polarity 84.8 volt 42.4 volts
peak-to- peak-to-
peake peak?

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Maximum volts?

Fundamental Wet contact likely to
Wave form frequency, hertz occur,
But not
Alternating voltage, direct voltage, and Greater greater
combinations of both Polarity reversal than than noP yes
Where the change in instantaneous voltage for | Where the 0 3 60 peak 30 peak
any duration equal to 5 percent of the period of |instantaneous voltage

the fundamental frequency of the wave form is | does not reverse in 8 4 55 peak 27.5 peak
greater than 20 volts for dry locations and 10 [ polarity 4 5 50 peak 25 peak
volts for wet logations® 5 6 45 peak| 22.5 peak
6 7 40 peak| 20 peak
7 8 85-peak 17.5 peak

8 9 30 peak 15 peak
9 10 25 peak| 12.5 peak

10 200 24.8 pea 12.4 peak

200 300 26 peak| 13 peak

300 400 28 peak| 14 peak

400 500 31 peak| 15.5 peak

500 600 34 peak| 17 peak

600 700 37 peak| 18.5 peak

700 800 41 peak 20.5 peak

800 900 46 peak 23 peak

900 1000 51 peak| 25.5 peak

1000 1400 56 peak| 28 peak

1400 e 60 peak| 30 peak

2 The maximur

b Wet contact 1
other liquids

C The change i
determined by
segment. See

dFora sinusoi
€ No upper lim

Figure 12.1.
Hal wave, 84.8 volts peak-to-peak equals 30 volts rms.
-

h output voltage regardless of load shall bé~measured with the input voltage applied per Table 63]1.
ot likely to occur generally refers to indoer or sheltered locations that are not normally associated with water or

h instantaneous voltage at any-5\pércent of the period of the fundamental frequency of the wave form shall be
aking any 18-degree segmentalong the wave form and determining the change in instantaneous|voltage in that
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Figure 12.1
Sine wave?
1.0 7
0.9 7
0.8
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0.7 2
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D08 22
0.2 755
0.1 va Faar -
7] ]
0 i 5
| |
0 20 60 Q0 120 150 180
SEGMENTS OF FUNDAMENTAL FREQUENCY-DEGREES
S2171A

@values of the sine for angles from 0 — 180 degrees.

b Eighteen-degree (5 percent) segment if started at zero.
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Table 12.2

Maximum current during user-servicing

Alternating voltage,
direct voltage, and
combinations of both

Fundamental frequency, hertz®

Maximum current in milliamperes through a
500-ohm resistor

Greater than

But not greater than

Where the
instantaneous voltage
does not reverse in
polarity, peak

Where the
instantaneous current
does not reverse in
polarity, peak-to-peak

Where the change in 0 100 14.2 14.2
instantaneous valtage 100 500 18-8 18.8
for all duration equ_al to 500 1000 290 290
5 percent of th¢ period
of the fundamehtal 1000 2000 28.2 28.2
frequency of the wave 2000 3000 34.6 34.6
form is not more than 3000 4000 39.2 39.2
3.3 milliamper 4000 5000 044.0 44.0

5000 6000 50.2 50.2

6000 b 55.0 55.0
Where the chapge in 0 3 10.0
instantaneous Yoltage 3 4 9.2
for all durationg equ_al to 4 5 8.3
5 percent of th¢ period
of the fundamehtal 5 6 75
frequency of the wave 6 7 6.7
form is more thgn 3.3 7 8 5.8
milliamperes 8 9 5.0

9 1Q 4.2
10 200 4.1

200 300 4.3 No valuges determined

300 400 4.7

400 500 5.2

500 600 5.7

600 700 6.2

700 800 6.8

800 900 7.7

900 1000 8.5

1000 1400 9.3

1400 b 10.0

a Straight line ipterpolafion between adjacent values in the table shall be used to determine the maximum current values
corresponding {o.freqdencies not shown in the table.

b No upper limit.
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Table 12.3
Electric shock transient

Maximum current in milliamperes peak through 500-ohm
resistor

Maximum time in seconds of envelope containing
excursions greater than 7.1 milliamperes peak

Less than 7.1

Not applicable

71 7.22
8.5 5.58
10.0 4.42
12.5 3.21
15.0 2.48
175 199
20.0 1.64
225 1.39
25.0 1.19
40.0 0.609
50.0 0.443
60.0 0.341
70.0 0.274
80.0 0.226
90.0 0.191
100.0 0.164
150.00 0.092
200.0 0.061
250.0 0.044
300.0 0.034
350.0 0.027
400.0 0.023
450.0 0.019
500.0 0.016
600.0 0.012
700.0 0.010
809.0 0.0083
Greater than 809.0 Not acceptable — see 12.2.2.1
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Table 12.4
Electric shock — stored energy
Potential in volts, across capacitance prior to discharge Maximum capacitance in microfarads
40,000 0.0030
35,000 0.0037
30,000 0.0047
25,000 0.0062
20,000 0.0087
15,000 0.0135
10,000 0.0252
7’nnn n.n/1lo7
5,000 0.0732
4,000 0.103
3,000 0.160
2,500 0.212
2,000 0.299
1,500 0.465
1,250 0.616
1,000 .0868
900 1.02
800 1.22
700 1.50
600 1.90
500 2.52
400 3.55
380 3.86
360 4.22
340 4.64
320 5.13
300 5.71
280 6.40

Table 12.4 Continued on Next Page
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Table 12.4 Continued

Potential in volts, across capacitance prior to discharge Maximum capacitance in microfarads

260 7.24

240 8.27

220 9.56

200 11.2

180 13.4

160 16.3

140 20.5

120 26.6

1nn OR.E

90 43.8

80 53.8

70 68.0

60 89.4

50 24

45 150

42.4 1692

40 1862

35 2392

30 3192

25 4528

21.2 6252
Less than 21.2 Any2

a Any value is fpcceptable for indoor use. These values are only for outdoor-use or where wet contact is likely to joccur.

13 Injury to|Persons
13.1 General

13.1.1 A risH of injury to persons is(considered to exist if one or more of the following gonditions are
present:

a) Ppwer-operated imoving parts, such as gears and linkages, are accessible during normal
operation. See 132.1;
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b) Sharp edges, burrs, or projections are present that can cause injury to persons during user
assembly, operation of the product, or user-servicing. See the Sharp Edge Test, Section 97; and

c) The product, or the product on a cart or stand used with it, is unstable. See the Injury to
Persons Tests, Section 96.

13.2 Power-operated moving parts

13.2.1 In applying the requirement in 13.1.1, accessibility of power-operated moving parts such as gears
and linkages is to be judged using the articulated probe illustrated in Figure 18.1. The accessibility
requirements are to be applied after the installation or assembly of parts provided by the manufacturer has
been completed in accordance with the instructions provided by the manufacturer. The requirement does

not apply to:

a) A
playd
b) A

and |
a tap|

c) G
moto
a reo
lifted
13.3 Carts

13.3.1 With

e reel, cartridge, or cassette removed from its operating position; or

bars and linkages that are accessible only after lifting<a side or corner of a sp
I (changer chassis) board. Accessibility to power-gperated moving parts is to b
ord changer or a similar device in its normal playing position. Spring-mounteg
or similarly mounted motor boards are to be held<captive so they cannot be easil

pick-up arm assembly, turntable, or similar part on the top surface ofca\reco
r

tape reel or tape drive mechanism that must be exposed for noermal use. Hg
nkages are to be judged for accessibility if the construction permits those parts

out from the mounting surface.

egard to 13.1.1(c), a cart that has a shelf that is more than 1 m above the flg

intended for

move the cart, shall comply with the Standard for Tall Institutional Carts for Use with Audio
Television-Tylpe Equipment, UL 1667\

14 Product and Accessory Assembly

14.1 User-m
accessory sh

a) A

se in schools, institutions, health-care facilities, or like locations where childre

bchanical as§embly (addition of legs, casters, decorative parts, and the like) o
all be sueh.that all of the following requirements are met:

Esembly shall require one or more of the following:

tNotoofs;
2) Only ordinary tools. See 3.35, and

3) Tools supplied with the assembly by the manufacturer

b) All parts required shall be provided.

d changer or

wever, gears

to move with

ring-mounted
e judged with

, suspended,

y removed or

or and that is
n are likely to

, Video-, and

a product or

c) Assembly instructions shall be provided. See Installation, Operation, and Other Instructions,

Secti

on 130.
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d) Assembly instructions shall not cause the user to commit an act that in itself might result in a
risk of fire, electric shock, or injury to persons.

14.2 Products or accessories intended to be installed by qualified service personnel need not comply with
14.1 (a) and (d). Such products or accessories shall be provided with the marking described in 130.1.3
and the installation instructions required in 130.1.1.

15 User-Servicing

15.1 User-servicing includes:

a) Replacement of a battery.

a chassis, compartment, or enclosure within the overall product. If the eng
, it shall be one that does_niot need to be opened or removed in the
useriservicing of the product.scan be opened or removed only with a tool, an
discgrded. A fuse or vacuum)tube is readily perceptible if the fuse or vacuum
asceltained visually or byxtouch during the operation or user-servicing of the product
or vdcuum tube is cited\€ither by information that appears on the outside surface (
or by literature accaompanying the product.

Exception No<{3:*A plug-in vacuum tube or clipped-in-type fuse that is within a
provided with the marking described in 129.1.1 (No user-serviceable parts compartr
whether oFnot the fuse or vacuum tube is readily perceptible by the user is not con
user{serviceable.

sidered to be

se, when the
ntended to be
he instruction
sidered to be

) place is not

b user is not
if it is located
tlosure has a
operation or
d cannot be
tube can be
or if the fuse
bf the product

compartment
nent warning)
sidered to be

c) Replacement of an incandescent lamp, whether it is a single lamp or one of a series or
parallel string, intended for connection directly across the supply circuit that is a nominal 120 or

240 V, or replacement of a fluorescent lamp (for example, a low-pressure, mercury
discharge lamp with a fluorescent coating), or a low-pressure or medium-pressure,
discharge lamp.

Exception No. 1: A lamp that is intended to be and is soldered in place is not con
user-serviceable.

Exception No. 2: A neon lamp (for example, an electric-discharge lamp with neon
gas) is not considered to be user-serviceable.

, electric-
electric-

sidered to be

as the filling
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Exception No. 3: A low-voltage (less than 30 V rms) vacuum-fluorescent (VF) display device is not
considered to be user-serviceable.

Exception No. 4: A lamp that is located within a compartment bearing a marking described in
Graphical Symbols and Supplemental Marking, Section 129, and the literature provided with the
product does not instruct the user to service the lamp is not considered to be user-serviceable.

d) User adjustments that can be accomplished with the product in operation and without
defeating the interlock or opening covers not intended to be opened by the user, such as:

1) Adjustment of a marked control or component with or without ordinary tools or

e) A
acco

f) Cl

9) C

h) C
gaine
cabin
pictu
open
warn

i) Se
i) Rd

k) O

16 Spacings

16.1 General

16.1.1 A mi
uninsulated p
of the followi

2) Adjustment of an unmarked control or component without a tool.

Ny operation described or depicted in the operating instructions, or in any.othe
mpanying the product.

eaning of lenses, cabinet, and the like.

eaning of a picture-tube face or window, if access toe-the parts to be cleaned ¢
d using ordinary tools and without removing the ehassis or the picture tube frg
et. During the cleaning operation, live parts areconsidered protected if the frg
e-tube enclosure can be opened for cleaning<or other user-servicing only afte
ng an interlocked cover and, if the warning«described in 135.1.1 (Removable
ng) is located on the cabinet where readily visible when the front cover is ope

tting a supply-circuit voltage mechanism.
moving a cover.

pening a door.

himum, (spacing of 3.0 mm over surface and through air shall be maintai
arts conductively connected to the supply circuit (for example, the primary cirg

Ng:

I literature

paning and demagnetizing of tape heads, as specified in the operating instructions.

an be

m the

nt cover of a
first

ront cover

ned.

hed between
uit) and each

a) Uninsulated parts of opposite polarity,

b) Accessible conductive parts (includes pressed wood and similar material), and

¢) An uninsulated part, in other than the supply circuit, where breakdown could result in a risk
of electric shock.

Exception No. 1: This requirement does not apply if the location and relative arrangement of parts are
such that permanent separation is provided such as on connectors, printed-wiring boards, and the like.
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Exception No. 2: This requirement does not apply to the internal spacings of components but does apply
to their external parts.

Exception No. 3: This requirement does not apply where a different spacing is required to comply with
Double Protection, Section 44, or Double Protection for High-Voltage Products, Section 52.

16.1.2 If a printed-wiring board has primary-connected hand-soldered terminals, a 1.5-mm over-surface
spacing shall be maintained between the printed-wiring conductors connected to the terminal and all other
printed-wiring conductors located in the adjacent area (see 16.1.3).

16.1.3 For the purpose of 16.1.2, the adjacent area is that described by a 12-mm radius circle about the
hand-soldered terminal. See Figure 16.1.

16.1.4 Whenl measuring spacings through air or over surface between parts where hand soldering is
involved, the|spacing may need to be measured assuming production accumulations.of sqlder on parts
and lead conpections as illustrated in Figure 16.2.
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Figure 16.1
Measurement of over-surface spacings on printed-wiring boards with primary-connected,
hand-soldered terminals
CENTER LINE OF 12 MILLIMETER

RADIUS CIRCLE CAN BE POSITIONED AT
ANY LOCATION ON THE TERMINAL

CIRCLE WITH RADIUS OF 12 MILLIMETERS
PROJECTED ONTO SURFACE OF PRINTED
WIRING BOARD

PRINTED WIRING BOARD
WITH ETCHED CONDUCTORS

PRIMARY-CONNECTED PRINTEQ WIRING BOARD
TERMINAL INTENDED FOR CONDUQTORS BETWEEN
HAND-SOLDERING WHICH THE 1.5 MILLIMETER

OVER-THE-SURFACE
SPACING IS REQUIRED IN
THE PRPJECTED CIRCLE

SB1650A

NOTE — Example only to illustrate 16.1.2 and 16.1.3.
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Figure 16.2

Measurement of spacings between parts where hand-soldering is involved

|nxn|

INSULATED
LEADS

INSULATED
LEADS

|1
|
[
(.
I PRODUCTION
SOLDER
ACCUMULATION
OVER LEADS
AND TERMINAL

@

NOTE — Exampl|

X = 3.0 mm spal

16.1.5 When
adjacent com
servicing, len
assembly. If

direction pern
application of
the part has

O

0\

N— SOLDER
D L TERMINAL
TERMINAL STRIP
INSULATING
SB1654 I MATERIAL

E only to illustrate 16.1.4.

Cing to be maintained between hand-soldered parts assuming production solder accumulations.

determining the permanent separation between parts — for example, between

A resistor and

ponents — consideration shall be given to the location of the part, abuse during assembly and

gth and diameter of the integrakleads, and consistency of positioning the part

juring factory

h question exists as to the patt positioning, a force of 2 N is to be applied to the part in any

hitted by the construction: The force is to be applied until there is no further moy
the force. The minimum~spacing is to be measured after the force has been
epositioned itself.

16.2 Insulating barrier in lieu of spacings

16.2.1 A bar

rier or lingr of polymeric, fiber, or similar material (other than the enclosure)

spacings woulld otherwise be unacceptable between uninsulated parts of opposite polarit

such parts ar

d gecessible conductive parts, according to 16.1.1 and 16.1.2, shall comply wi

ement during
removed and

used where
y or between
h each of the

following:

a) It shall be of a material complying with the requirements for insulating materials;

b) It

shall be of a material that complies with the requirements in Table 20.1;

c) It shall comply with the applicable tests specified in the Strength of Enclosure Tests, Section

98, if

d) It

it is likely to be handled during use or user-servicing of the products;

shall be held in place by a means other than friction between surfaces;

e) It shall be located so that it is not likely to be damaged by operation of the product; and
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f) It shall have a minimum thickness of 0.70 mm; 0.35 mm when used in conjunction with an air
space.

Exception:

Insulation that is built into a component need not comply with 16.2.1.

16.3 Fuse and fuse clip

16.3.1 A minimum spacing of 3.0 mm over surface and through air shall be maintained between the
uninsulated parts of a fuse and fuse clip that involve electric shock and each of the following:

a) Uninsulated parts of opposite polarity and

b) A
The spacing

Exception:
provided.

16.4 Picture

16.4.1 If ari

Fcessible conductive parts.
shall be measured with the fuse in place.

[he minimum spacing need not be maintained when a barrier that'complies

tube conductive coating

5k of electric shock results from an electrical connection between the extern

coating of th¢ picture tube and the picture-tube mounting means\- straps, brackets, and {

contact the t
mounting me

Ibe, there shall be a spacing of 12 mm minimum between the conductive co
ans. The spacing shall be measured over the<surface of the tube.

16.5 Field-wiiring terminals

16.5.1 The 3
field-wiring te
that specified

pacing between field-wiring terminals of opposite polarity, and the spacin
rminal and any other uninsulatedymetal part not of the same polarity, shall nof
in Table 16.1.

Table 16.1
Spacings at field-wiring terminals

with 16.2.1 is

al conductive
he like — that
ating and the

J between a
be less than

Minimum spacings

Between field-wiring Between field-wiring terminals and other

ininsulated

terminals, through air or metal parts not always of the same pplarity?
Potential inyolved, volts over surface, millimeters Over surface, millimeters Through air{ millimeters
250 dr less 6.0 6.0 6{0
More than 250 12.0 12.0 9lo

a Applies to the sum of the spacings involved where an isolated dead-metal part Is interposed.
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17 Enclosures

17.1 General

17.1.1 A product shall be provided with an enclosure. The enclosure shall render parts involving a risk of
electric shock or injury to persons inaccessible and shall protect the internal parts of the product from
mechanical damage when such damage to parts might result in a risk of fire or electric shock. See
Sections 97 — 99, 102, and 103.

17.1.2 A product enclosure that is comprised of two or more parts secured together solely by an adhesive

shall be subjected to the Adhesive Securement Test, Section 100.

Exception:
connection 1d

17.1.3 A vig
considered tg

17.1.4 The g

17.1.5 A me
uncoated.

17.2 Glass dial window

17.2.1 Agla
or shall withs

17.3 Polymg
17.3.1 An en
Exception Ng
an audio an
accordance

Appliances,

Exception N|
construction

Exception Nd

he Test described in 100.2 does not apply To separately enclosed loudspeaker.
an audio amplifying source limited in accordance with 70.1.

wing screen that is integrally mounted to a projection-type telewision an

nclosure of an in-wall mounted product shall not be providedwith unused ope

al enclosure for an in-wall mounted product shall haye(a minimum thickness

s dial window that covers live parts shall berof tempered glass not less than
tand the impact test described in 98.11,1<98.11.4.

ric enclosure

. 1: A polymeric enclostiré of a separately enclosed loudspeaker intended for
plifying source limited-in accordance with 70.1 need only be rated HB, ¢
with the Standard~for Tests for Flammability of Plastic Materials for Parts in
UL 94.

0. 2: For_other than high voltage and in-wall mounted products, refer i
bption.requirements in 17.4.1.

.3HA polymeric enclosure of an in-wall mounted product shall have a minimun

closure of polymeric materialishall comply with the requirements in Table 20.1.

5 intended for

i that is not

be part of the required enclosure is to be removed when determining compliapce with 17.1.

nings.

of 1.35 mm

1.8 mm thick,

connection to
etermined in
Devices and

the special

n flammability

rating of 5V.

17.3.2 A part, such as a control knob, a cover, a dial, a window, a switch casing, a handle, and the like,
that is mounted in or over a cabinet opening and serves as a barrier to live parts, shall be considered as
a part of the enclosure.

Exception: A control shaft is considered to be a barrier.
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17.4 Special construction option for other than high-voltage products

17.4.1 If all those components that involve hazardous-energy circuitry as defined in 3.19, or involve the
risk of injury to persons, or both, are individually or collectively enclosed in a material such as metal or
one having a flammability classification of V-0 and the individual or collective enclosures comply with the
appropriate mechanical strength tests in the Strength of Enclosure Tests, Section 98, the other
components that in themselves do not involve hazardous-energy circuitry or the risk of injury to persons,
and the overall enclosure of such components (which is not considered a required enclosure) need only
have flammability characteristics of HB.

17.4.2 The individual or collective enclosures mentioned in 17.4.1 shall not be provided with holes or
louvers that allow the circulation of air. Butt joints (where two surfaces are fastened together end-to-end)
shall not be (iIsed unless joined by welding or equivalent means. See (a), (b), and (c) in-Flgure 17.1 for
examples of hnacceptable butt joints.

Exception NQq. 1: Holes for the entrance of wires only may be provided if the unused”portion of any hole
is no larger than 130 mm? in area. Any hole provided for lead wires, but not s@‘uséd, shall|be closed by
metal or a material having a flammability classification of V-O0.

Exception Ng. 2: Butt joints provided with an overlap in contact with eaeh other of at least 1.5 mm are
acceptable. Jee (d), (f), and (g) in Figure 17.1 for examples of acceptable butt joints with overlap. See (e)
in Figure 17.§ for an example of an unacceptable overlap construction.

Exception N¢. 3: Enclosure constructions other than the censtruction described in Excegtion No. 2 to
17.4.2 that meet the intent of the requirements by preventing the spread of fire to other areas of the
product are gcceptable.

17.4.3 Hook{up wiring in hazardous-energy circuitry'shall have mechanical protection in the form of an
enclosure as|described in 17.4.1; however, interconnecting wiring of Type SPT-2 or NISPT-2 or heavier
flexible cord,|or an appliance wiring material(gonstruction that has been determined to be|equivalent to
Type SPT-2 ¢r NISPT-2 cord need not have additional mechanical protection if strain and push-back relief
are provided,

17.4.4 For t¢st requirements see_Figure 17.2; the Special Option Tests, Section 73; arnd the Power
Supply Tests| Section 77.
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Figure 17.1
Some examples of butt joints

$ [ 3 —I |—— 1.5mm
| 5

a) Unacceptable — Ends contact each other without additional
joining means, ) |

e) Unacceptable - Surfaces overldp each other by at

e least 1.5 mm but are not in contact with each other.
)
si—  1,5mm
b) Unacceptablp — End and surface contact each other
Without additiongl joining meons. Vertical piece might contact N
horizontal piece |ony place along its surface. |
vV

f) Acceptable - See drawing (d).

c) Unacceptoble - Ends contoct each other without!additional
joining means.
Note: (a), (b), qnd (c) would be dcceptoble if(the ends and/or
surfaces were ilned by welding or other equivalent means.

9= e

d) Acceptable — Surfoces overlop each other by ot least g) Acceptable - Ends additionally secured together by
1.5 mm ond ore in contoct. piece which overlaps joint ot least 1.5 mm,

S4022
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Figure 17.2
Enclosing of components (special construction option, 17.4.1)

L]
= N

a) Power-supply

or equal to 15 whtts of power with load and less than or equal to 42.4 volts-peak open circuit.

FRONT VIEW SIDE
VIEW

P < 15W and
V< 42.4Vp

with.alV load
circuits open

S3657

cord terminates inside power transformer end bell; end bells, over both sides of coil; secondary d

elivers less than
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Il

D, —

S361

b) Power transfq
metal or V-0 ma
42.4 volts peak

— 1

pen circuit.

Figure 17.2 (Cont’d)

=T

P< 15W aond
V<42.4Vp —
with alb 'load
circuits open

rmer without end bells; primary switch, connectors and primary,connected appliance wiring matgrial enclosed in
terial; secondary delivers less than or equal to 15 watts of poWerwith load circuit open and less|than or equal to

S36359 '

—

P<15W and

V< 42.4Vp
with all load
circuits open

c) Power transformer without end bells; primary switch, connectors and primary wiring of power transformer enclosed in metal or
V-0 material; interconnecting wiring is SPT-1 cord; secondary delivers less than or equal to 15 watts of power with load circuit open

and less than or

equal to 42.4 volts peak open circuit.
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—
l m P < 15Wcgnd
SC1219A|; V< 4204V

with) all load
circuits en

d) Power transfprmer without end bells; primary switch, connectors, primary and secondary wiring of power |[transformer and
printed-wiring bdard with hazardous components enclosed in metal or V-0 matefial/output delivers less than or eqyal to 15 watts of
power with load [circuit open and less than or equal to 42.4 volts peak open\gircuit.
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18 Accessib

ility of Parts

18.1 Articulated probe

18.1.1 An accessible part of a product shall not involve a risk of electric shock.
18.1.2 The accessibility of a live part shall be determined by Table 18.1.
Table 18.1
Recessing of live parts
Minimum distance between opening
Maximum widfh of slots2 — millimeters | Diameter of round holes — millimeters and live part®:® — nfillimeters
Lless than 25 Less than 25 Probedi&. X 4 3.0
More than 25 but not more than 50 5D+ X
25 but|not more than 50 More than 50 but not more than 75 6D + X
More than 50 but not more than 75 7D + X
Mlore than 75 More than 75 Not acceptaljle
an high-voltage product enclosure shall have no opening that will accept the entrance of\a.25-mm diameter sphere.
b D is the diamfeter of the largest sphere that passes through the opening.
€ X is 3.0 mm for each 1000 V peak or fraction thereof at the live part. The voltade’is to be measured with the pfoduct
connected to a|supply circuit as described in 63.5.1 and 63.5.2 and adjusted as.described in 69.1.1.
d See Figure 1B.1 for a description of the probe. No force is to be applied to the probe to determine accessibility
€ The tapered portion of the probe shall not contact a live part operating.at.a potential of 1000 V peak or less.

18.1.3 Frictig
accessibility.

18.1.4 When
with minimal

n-fit knobs, snap covers, and similar loosg parts can be removed or opened wh

using the probe shown in Figure 18.1, the probe is to be used only as a gaugg
force. The probe may be artictilated to any position before, during, or after itg

into an open
resulting fro

18.2 Prote
18.2.1 Prote

openings, an
requirements

Jive screens and barriers

ng by rotating the probe, wittr the moveable sections straight or in any pos
bending one or more sections in the same direction.

ctive screens ‘er barriers, openings larger than those covered in Table 1

18.3 Chassir-mounting bolts

en evaluating

and inserted
full insertion
sible position

8.1, irreqular

0 openings.iniflexible materials are to be given consideration with regard to the intent of the

18.3.1 Live parts are to be inaccessible after chassis-mounting bolts are loosened during installation as
intended to reduce vibration. Chassis-mounting bolts not specifically intended to prevent further loosening,
except by the use of a tool, are to be loosened the maximum amount likely to occur in service in

determining t

he inaccessibility of live parts.
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234

Figure 18.1
Articulated probe with web stop
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RADIUS\FH 30° 50
5.8
] ' T
| 'l 0
.05 !
SECTI [
ooy ||
L ﬁ 705] 7> 60
J T
L L . )
H 7
I (ﬁ ’ 9
_f >~ L 100
.05 — J
B N
—f 136
R |
N 15 164
264 — ﬁ_'g 1
A
J,os »
1 50 t
1
; 25
/ |
Al 25‘4‘_—'
S ——— |
222 ) 22
78
—~ o~ ALL DIMENSIONS IN MILLIMETERS

)

=
\‘—RADIU‘A

~— 25

RADIUS


https://ulnorm.com/api/?name=UL 1492 2019.pdf

38 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 DECEMBER 22, 1997

18.4 Coin probe

18.4.1 The enclosure of a product, excepting the bottom, shall not have opening through which any of the
four discs on the coin probe illustrated in Figure 18.2 can enter and contact any part involving a risk of
electric shock. Additionally, while inserting the probe into the opening, the distance between any of the
disc areas and any live parts shall not be less than 3.0 mm for each 1000 volts or fraction thereof in
excess of 1000 volts peak. (For example, for 2500 volts peak the distance would be 6.0 mm.) No force is
to be applied to the probe.
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Figure 18.2
Coin probe

B

— lwt— 13mm WIDE,

E:'

FACH OF 4 ARMS

6.4mm THICK,

MATERIAL:

Y
A

EACH OF 4 ARMS ﬁ

—= ————n

!

COLD ROLLED STEEL
LIGHT NICKEL PLATE

PIA245B
Dimensions of circular parts, millimeters
Probe Diameter Thickness Lengthb
A 17.5 1.12 15.9
B 20.6 1.88 19.1
C 23.8 1.63 22.2
D 30.2 2.06 28.6

@ The arms of the probe provide a means of mounting the discs (circular parts). The lengths and arrangement of the arms are
optional so long as they do not interfere with the use of the discs.
b Measured from the end of the arm to the outer end of the disc. The disc is to be inserted into the opening in question only up
to its mounting arm to determine if it can contact a live part.
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18.5 Adjustment opening

18.5.1 A part beyond an opening that might be used in making an adjustment that is considered a
function of user-servicing is not considered to be accessible if a 3.0-mm diameter straight rod is prevented
from touching the part when the rod is inserted through the opening and moved to all positions possible
without producing an angle of more than 30 degrees between the rod and a line drawn between the center
of the opening and the center of the face of the adjusting mechanism. The length of the rod beyond the
opening is not to exceed the distance between the opening and the face of the adjusting mechanism by
more than 7.5 cm. See Figure 18.3.

18.6 Control shaft

18.6.1 A confirol shaft that involves a risk of eleciric shock shall be rendered inaccessible by means of an
interlocked compartment that complies with the requirements for Interlocks, Section 33, of-ly means of a
captive insulgting knob — an insulating knob that is not removable from the exterior of\the enclosure.

18.6.2 Set s¢rews, sealing compound, and devices that depend upon friction toprevent remgval of a knob
from the extdrior of the enclosure are not considered acceptable.

Figure 18.3
Accessibility of live part through adjustment opening
| - D -
f-
— =N\

i \
\

ADJUSTMENT
\
\
- |
|
D + 7.5cm /
N S
ENCLOSURE ™ (_ y

EC120C PART
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19 Top Opening

19.1 An opening in the top of the overall enclosure — see 19.2 — shall prevent passage of a sphere of
more than 2.5 mm in diameter if the passage of an object through the opening results in risk of electric
shock.

Exception No. 1: With regard to Figure 19.1, an opening "D” in the surface that makes an angle of 30
degrees or more with the horizontal is considered acceptable if the projection of ”"D” onto a horizontal
plane does not exceed 2.5 mm when measured in the direction of the maximum slope of the surface in
which the opening is located. The upper edge of the opening is the point of tangency between a vertical
line and the enclosure above the opening. The lower edge of the opening is the point of tangency between
the enclosure below the opening and a line that slopes downward away from the enclosure at an angle
of 5 degrees[to the horizonial.

Exception N¢
louver, or sin
direction and
or roll into thd
A knob prote

19.2 The top
view when th

. 2: An opening having a dimension larger than 2.5 mm and protected, by a
ilar part is acceptable if a falling object cannot pass directly through the openin
if the construction is such that an object placed at any point on the)enclosurg
b opening. This generally requires a 1.5-mm high lip on the surfate surrounding
Cting an opening is to be on its shaft as far as possible witheut rubbing on the

of the overall enclosure is considered that portion of thé)enclosure that is vig
e product is resting on a horizontal surface, with all drawers and lids closed ex

knob, handle,
g in a vertical
b cannot slide
the opening.
enclosure.

ible in a plan
Cept a lid that

must be detached for operation. Push buttons are to be in thevmaximum displaced podition that the

construction permits.

Figure™9.1
Cross-section of enclosure showing opening

< PROJECTION OF |D
ONTO HORIZONTAL
PLANE.
EDGE OF J LN
OPENING N\ D
(o]
MORE THAN 5
2.5 mm
o k
LOWER / OUTER
EDGE OF SURFACE OF
ENCLOSURE
OPENING 30° OR MORE N

/

!

SB0O759B
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20 Materials

20.1 General

materials

20.1.1 Materials shall have properties as shown in Table 20.1.

Table 20.1
Requirements for materials

Flammability classification®°

A. Baci

4. Outsidg

5. Interna

live parts
6. That in
7. That in
35.14
High-voltage

volts peakk!

(specifi
(specifi
10. Not in
(specifi
(specifi

B. Otheyf

Application
Enclosure
1. Polymerie—high-voltage-produsts
A. Major part®
B. Othey part

2. Polymélric — other than high-voltage products?
3. Pressefl wood or similar material

cover of high-voltage products

surface of required enclosure of table-top or

console proglucts?
Barriers usefd in high-voltage products

barriers

Polymeric apd fiber materials in contact with uninsulated

olve a power greater than 15 W, see 35.1'J
olve a power equal to or less than 15 W, see

parts

8. Parts irjvolving potentials equal to or greater than.2500

Sound-deadening and shock-absorption material
9. In contdct with live parts

gravity less than 0.6)
gravity equal to or moregthan 0.6)
contact with live parts
gravity less than 0.6)
gravity equal_t or more than 0.6)

Other applications
11. Grille povering imaterial, cloth, and reticulated foam

12. Materfals used in applications other than those
specified in I =¥

V-0
V-1, V-0
V-2, V-1, V-0

V-1¢, V-0
None, HB, V-2, V-1, V-0
Tableth

V-2, V-1, V-0,&¥TM-2, VTM-1, VTM-0

V-2, V-1,'V-0, HF-2, HF-1, VTM-2, VTM-1, VTM
HB\V-2, V-1, V-0, HBF, HF-2, HF-1, VTM-2, V1|
VF#M-0

V-2, V-1, V-0, VTM-2, VTM-1, VTM-0

HF-1, HF-0
V-1, V-0

HBF, HF-1, HF-0
HB, V-2, V-1, V-0

Tableth
HB, V-2, V-1, V-0, HBF, HF-2, HF-1, VTM-2, V1
VTM-0

0
M-1,

M-1,

Table 20.1 Continued on Next Page
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Table 20.1 Continued

Flammability classification®P

Application

Strength of Encl

losure Tests, Section 98.

specified in Tal

b The parts evd
the end produc
thicknesses in

C See 3.31 for
d See the spec]

€ Does not apy
described in th

f Must be spac
9 Applies only
1) The surfad
2) The surfag
3) The surfag
4) A10-cm d
P The flammab
i Does not appl
I Power measu

There shall not
accessibility of
pertaining to di
I Spacings — S4

le 20.1 is acceptable. See note c.
luated by Table 20.1 and classified using 1.6-mm thick bar specimens may be accepted in_lesser

ive parts, or reduces electrical spacings below the level necessary to comply with the applicable
blectric strength and leakage current.

e 117.7 to determine acceptability of spacings.

NOTE - Covers insulation properties and stability. Mechanical strength is judged in the application. For enclosures see the

@ Flammability Classification — Determined by tests described in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94. For testing a material, the samples are to be flat stock — bar samples — sized in
accordance with UL 94; for an assembly, the samples can consist of the assembly. High-voltage transformers, deflection yokes,
printed-wiring boards, terminal strips, and the like can be tested as finished parts, or test samples can be cut from finished
parts. In the case of small parts that might be consumed before the test is completed, large samples of the same material can
be tested provided they represent the same or lesser thickness than the part in question. None of the larger samples is to be
entirely consumed. Samples that consist of an assembly or a section thereof that are not flat stock samples are to be positioned
in what is considered to be the worst position in the application. A material having a higher flammability classification than that

thicknesses in

. For polymeric enclosures, a material classified using 3.2-mm thick bar specimens maybe_accepted in lesser
he end product.
he definition of a major enclosure part.
al construction option and reference to a flammability classification of HB described*in 17.4.1.
ly to a pressed wood back cover that complies with the 746-5VS vertical flame test as determined by the test
b Standard for Polymeric Materials — Use in Electrical Equipment Evaluatiensy UL 746C.
bd at least 3.0 mm from uninsulated parts involving a risk of fire.
0 surfaces constructed in accordance with all of the following:
e material is other than uncoated plastic;
e is covered with a material other than paint, silk-screening,, hot-stamping, and paint-stenciling;
e lies in a plane within 10 degrees of horizontal; and
ameter circle can be projected in whole onto the surfage.
lity test using a hexamethylene-tetramine tablet issdescribed in the Tablet Flammability Test, Secfion 77.
y to the internal insulating systems of components or where component requirements exist (see 211.1 — 2.1.4).
ed in accordance with the Power Supply Tésts] Section 77.
k Mold-Stress-Relief — The part is required to withstand.a témperature-stability test or an oven test as described |jn 98.3.1.
be shrinkage, warpage, or other distortion that interferes with normal operation or servicing, results in

equirements
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20.1.2 Cellulose nitrate or any comparably flammable material shall not be used for any part regardless
of location, application, or function.

20.2 Small parts

20.2.1 The flammability and other requirements in Table 20.1 do not apply to small parts. For the purpose
of these requirements, a small part is defined as one that complies with each of the following items:

a) lts volume does not exceed 2 cubic centimeters,

b) Its maximum dimension does not exceed 3 centimeters, and

c) Iis
betw

20.3 Exemp
20.3.1 Thep
20.4 Molded
20.4.1 Major
fabricated at
Polymeric Mé

20.5 Insulat

20.5.1 Mater
in a risk of fid

focation 1s such thaf it cannot propagate flame from one area o another ora
ben a possible source of ignition and other ignitable parts.

ed parts

arts listed in Table 20.2 are exempt from the requirements in Table 20.1.
-material insulation

enclosure parts, as defined in 3.31, that are molded.6f polymeric material an
the end-product manufacturing location shall be 4dentified according with the
terials — Fabricated Parts, UL 746D.

on materials

al used for the support of parts whergishrinkage, current leakage, or warpags
e or electric shock shall comply wittrboth of the following:

a) The applicable requirements for insulating materials and

b) The appropriate material flammability classification in Table 20.1.

20.5.2 Theld
shock shall:

a) C
spec

b) B

minate material in~a-printed-wiring board used in a circuit that involves a risk of

bmply with-the direct support of current-carrying parts performance level
fied in.the Standard for Printed-Wiring Boards, UL 796, and

b.marked with A ” or a unique type designation that is limited to such printed-

bt as a bridge

N that are not

Standard for

b might result

fire or electric

requirements

wiring boards

to indicate comptiance wittrthe Tequirementsim U796
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Exempt parts list

Table 20.2

All products

Specific products

product such as:
a) 45 RPM adaptor

1. External accessories that are not permanently attached to a

a) Cone

1. Loudspeaker parts not part of the required enclosure

APRIL 30, 1996

b) Bottle of lubricating oil

c) Cartridge
d) Earphone
e) Headphones
f) Microphon

)
b) Dust cap
c) Spider

d) Voice coils
2. Camera

a) Fve shield or sunshade

g) Phonograph record, compact disc, and other playback

b) Lens cap

media
h) Remote c@ntrol unit, not involving hazardous-energy

circuitry
i) Screwdrivey
j) Signal leve] balancing mechanism
k) Tape
I) Tape cassgtte
m) Tape reel
n) Batteries

mm thick

3. Internal insulating systems of components or where
component reqpirements exist (see 2.1.1 — 2.1.4)

0.25 mm thick

such as:
a) Dial stringp
b) Drive belts
c) Felt
d) Lacing thrgad
e) Woven (clpth) materials

2. Fiber and sirpilar material that is equal to or less than 0.25

4. Paper markifg lables, fiber, and similar materials less than

5. Parts segredated from parts in hazardous-energy circuitry

1. Lens
2. Filters

c) Shoulder strap and patch

d) Seperable lens system

e) Microphone windscreen
f) Shoulder pad
3. Projection T¥~lenses

4. External thermoplastic feet having a maximur
6 cm in any, direction and with a volume less th
that aressecured to the outside of the enclosure

h dimension of
hin 10,000 mm3
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20.6 Barrier

insulating material

20.6.1 A barrier of insulating material used to render inaccessible those parts involving the risk of electric
shock or injury to persons shall:

a) Be at least 0.70 mm thick and

b) Comply with item 5, 6, or 7 of Table 20.1, as appropriate.

Exception No. 1: Fiber, or the equivalent, that is at least 0.35 mm thick may be used to cover a splice in
an inaccessible location.

Exception Nd
0.35 mm thig

Exception Nd
similar part.
lampholder.

21 Corrosio

21.1 A meta
a risk of fire,

Exception:
22 Metallize

22.1 Metalliz
requirements
Evaluations,

of fire or eleq
enclosure thg
or electric sh

23 Conduct

23.1 Condug
become deta

23.2 The me

h Protection

d Plastic Parts

. 2. Paper, waxed or otherwise treated to resist the absorption of moisture,. I
k may be used to cover the crossover lead of a coil winding in an inaccessible

. 3: Paper that is at least 0.70 mm thick may be used to cover an electrolyti
Fiber that is at least 0.50 mm thick may be used to cover the shell-0f a metal-

electric shock, or injury to persons.

Yletals that are inherently corrosion-resistant néed not be further protected aga

ed plastic parts that utilize an electrically conductive material shall comply with 1
for such parts in the Standard, for Polymeric Materials — Use in Electric
L 746C, if detachment of the_conductive material from the plastic parts may 1
tric shock. (For example,~metallized plastic parts that are located within the o
t could peel and allow cenductive material to contact uninsulated parts involvin
Dck.)

ve Internal Mechanical Parts

tive intergalomechanical parts shall be assembled and secured so that such

ched aof displaced in a manner that may result in a risk of fire or electric shock.

chanical parts to which the requirements of 23.1 are intended to apply include|:

hat is at least
location.

C capacitor or
jacketed pilot

part shall be protected against corrosion if corrosion.@f that part can contribute to or cause

nst corrosion.

he applicable
bl Equipment
esult in a risk
berall product
h a risk of fire

parts cannot

a) Stationary parts such as subchassis assemblies, heat sinks, hum shields, mounting brackets,
and retaining clips and

b) Moving parts such as springs, linkages, actuating arms, flywheels, and dial pointers.

23.3 Conductive mechanical parts of discrete electrical components shall also comply with the intent of
23.1 and 23.2 or with the separate requirements for that component, where such exist.
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24 Supply Connections — Cord-Connected Products
24.1 Power-supply cord

24.1.1 The type and length of the power-supply cord shall be in accordance with Table 24.1 and shall
have a flammability rating of VW-1. An equivalent or heavier type of cord may be used. For example, an
appliance wiring material construction that has been determined to be equivalent to Type SPT-2 or
NISPT-2 cord may be used in applications where Type SPT-2 or NISPT-2 cord is specified. The cord shall
have an ampacity, as given in the National Electrical Code, ANSI/NFPA 70, not less than the current
rating of the product. An integral grounding conductor, if provided, shall be at least the same size as the
other conductors in the cord.

Exception: The Tength of a flexible cord on equipment intended for a special installation caf be less than
that specified in Table 24.1.

Table 24.1
Power-supply cords
Product type Cord type Minimum cord length, m
Portable, ftable-top, floor-mounted SPT-2, NISPT-2, SV, SVT, SVE, SJ, 1.5
(console)| and television cameras SJT, SJE
Portable pfoducts with cord storage SPT-2, NISPT-2, SV, SVT, SVE 1.4
compartments
Coffee-table? SV, SVT, SVE, SJ, SJTSJE 3
Undercabinet SPT-2, NISPT-2 1.4
2 A coffee-table type product is a type that is finished on all four'sides and intended for use in the center of thg¢ room

24.1.2 20 AWG conductors may be employed in @ppliance wiring material constructions as|referenced in
24.1.1 provided that:

a) The appliance is rated 2.0 A pttless,
b) The appliance does not employ a convenience receptacle, and

c) Oyercurrent protection rated 2.0 A or less is provided in the attachment plug angl connected
so ag to interrupt the-ungrounded side of the supply circuit.
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24.2 Power-supply-cord length measurement

24.2.1 The length of a power-supply cord shall be measured from the face of the attachment plug to the
point where the cord emerges from the product.
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24.3 Attachment plug

24.3.1 A product intended for connection to a supply circuit by means of a power-supply cord or wiring
harness shall be provided with an attachment plug that complies with one of the configurations covered
in the Standard for Wiring Devices— Dimensional Requirements, ANSI/NEMA WD-6, and in the Standard
for Attachment Plugs and Receptacles, UL 498. The attachment plug shall comply with the requirements
in the Standard for Cord Sets and Power-Supply Cords, UL 817.

Exception: If the product is intended to be connected to supply circuits not defined in the National
Electrical Code, ANSI/NFPA 70, or for connection to supply-circuit receptacles that are not defined in the
Standard for Wiring Devices — Dimensional Requirements, ANSI/NEMA WD-6, the configuration of the
attachment plug is to conform to the applicable Standards of the country into which the product is intended

to be shippe
when leaving

24.3.2 The
grounding) ty

Exception Ng
Electrical Co
Standard for
attachment p
to be shippe
when leaving

Exception N
Standard for

24.3.3 The gttachment plug shall have a currentrating not less than 125 percent of the cu

the product 3
on two or mq
shall be the t
See 127.10.1

24.4 Cord c
24.41 An ap

configuration
pins, spaced

. This exception applies only when the product is set for use on the foreign
the factory.

httachment plug of a product shall be a polarized (two-blade polarized
pe. See 36.5.1 for convenience receptacle requirements. See als@'27.1.1(d).

. 1: If the product is intended to be connected to supply circuits not defined in
e, ANSI/NFPA 70, or for connection to supply-circuit receptacles that are not
Wiring Devices — Dimensional Requirements, ANSI/NEMA WD-6, the config
ug is to conform to the applicable Standards of the ceufitry into which the prody
. This exception applies only when the product iS) set for use on the foreign
the factory.

Class 2 Power Units, UL 1310.

nd a voltage rating appropriate for the rated voltage of the product. If the prod
re different values of supply-circuit voltage, the attachment plug provided wit
pe intended for the voltage'for which the product is adjusted when shipped fro
and 127.10.2.

bnnector (appliance’ coupler)

that candmate with a conventional television interlock device, which has 2.4-
7.9 mm_apart, center-to-center.

supply circuit

br three-wire

) the National
Hefined in the
Lration of the
ct is intended
supply circuit

. 2: Direct plug-in transformer units shall.€omply with the polarization requirgments in the

rrent rating of
uct is for use
N the product
m the factory.

pliance coupler used as the load fitting of a detachable power-supply cord shall not be of a

mm diameter
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24.5 Cord strain relief

24.5.1 The power-supply cord shall be attached to product so that the following requirements are met:

a) A mechanical strain on the cord leaving the overall enclosure cannot be transmitted to

termi

nals, splices, or internal wiring;

b) A mechanical strain on the cord leaving the overall enclosure cannot detach an interlock

conn

ector (if provided) from the part of the product (cover) to which it is attached;

¢) A mechanical strain on the cord leaving the overall enclosure cannot damage an interlock (if

provi

d) E

encld

e) The cord shall not come in contact with sharp edges or with moving, parts that G
the ¢

See the Strai
24.6 Power-|

24.6.1 A pov
passage of th

and fins that

24.7 Cord-b

24.7.1 If akn

or with which

that can caus
24.8 Bushin
24.8.1 There

a) Where the power-supply cord emerges from the enclosure and

b) Wherethe cord might be subjected to strain or motion.

ded) so that it does not perform its intended function;

ternally applied casual twisting or rotational forces on the cord leaving the.ov¢
sure cannot be transmitted to terminals, splices, or internal wiring; and
bnductor insulation.

n Relief Test, Section 91.

supply cord exit

er-supply cord shall exit the product through afopening in the enclosure inte
e power-supply cord. The opening shall be fréefrom projections such as sharp
might damage the conductor insulation.

baring surface

ot in a power-supply cord serves-as strain relief, the surface against which the

it might come in contact shall b€ free from projections, sharp edges, burrs, fing
e abrasion of the coverings-én the conductors.

9

shall be an insulating bushing that is secured in place:

brall

an damage

nded only for
edges, burrs,

knot can bear
, and the like

Exception NO—t—Aminsutating busting 75 1ot Tequired witta Type SPT-2or NISPT-2 cord, or an

appliance wil

ring material construction that has been determined to be equivalent to

Type SPT-2 or

NISPT-2 cord, if the cord or appliance wiring material is built up with an additional 40-percent-rubber
jacket that has a 0.70-mm minimum thickness at the point where it passes through an opening in
conductive material, and if the hole through the metal is free of sharp edges, burrs, and fins. A smooth,
metal bushing is acceptable if a Type SJ or heavier cord is used.

Exception No. 2: A smooth, metal grommet is acceptable as a bushing in an enclosure other than one
made of metal, provided the inside diameter of the grommet is not less than 25 mm.
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24.8.2 If the exit for the cord is in wood, porcelain, phenolic composition, or other insulating material, a
surface free of fins, burrs, and similar imperfections is considered to be the equivalent of a bushing.

24.8.3 Fiber can be used if the finished bushing is minimum 1.2 mm thick and if it is formed and secured
in place so that it cannot be adversely affected by conditions of ordinary moisture.

249 Cord p

ush-back relief

24.9.1 The power-supply cord shall be provided with a means whereby the cord cannot be deliberately
pushed inside the enclosure if, when it is pushed inside, one or more of the following unacceptable

conditions ca

N occur:

a) THhe cord insulafion is subjected 1o temperatures or voltages above Its assigned

b) The cord can come in contact with sharp edges or with moving parts thatyean d

cond

c) The cord displaces parts resulting in a reduction of required spacings,

d) The cord remains inside the product enclosure and cannot be-retrieved when th

user-

e) The cord places strain on internal connections.

See the Pow
Exception:

25 Supply C

25.1 Generadl

25.1.1 Prodd
items that do
to the prima
connection tq
facilitate the
shortest feas

25.1.2 A pro
connection.

Lictor insulation,

Serviceable parts and the product is marked in accordance with 129.1.1, and

br-Supply Cord Push-Back Relief Test, Section-92.
f an acceptable and separate cord-storage compartment is provided, (d) does

onnections — Permanently Connéected Products

not need to be removed for servicing shall be provided with means for permane
y-circuit power. Products fastened in place shall be provided with means f

the primary-cifcuit power unless connection by means of a supply cord is
nterchange_of\units, or removal is necessary for maintenance and repair, in w
ble lengthi of cord shall be used.

duct intended for permanent connection to the branch circuit shall have prov

ratings,

hmage the

ere are no

not apply.

cts intended for attachment to a structural part of a building or to other permanently located

Nt connection
br permanent
necessary to
hich case the

sion for such

25.1.3 A sheet-metal member to which a wiring system is to be connected in the field shall have a
thickness not less than 0.81 mm, if of uncoated sheet steel; not less than 0.86 mm, if of galvanized sheet
steel; not less than 1.11 mm, if of sheet aluminum; and not less than 1.09 mm, if of sheet copper or sheet
brass.
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25.1.4 A terminal box or compartment shall be provided in which branch-circuit connections to a
permanently wired product are to be made and shall be such that these connections can be readily made
and inspected without disturbing the wiring or the product after the product is installed as intended.

25.1.5 The volume of a field wiring compartment provided with pigtail leads for connection to the supply
wiring shall not be less than indicated in Table 25.1.

Table 25.1
Minimum size of field-wiring compartment

Size of lead, Wire space within compartment for

R N each lead, cm?
ANG——————_(m }

14 21 32.8

12 3.3 36.9

10 53 41.0

8 8.4 49.2

6 13.3 81.9

25.1.6 A pigtail lead shall not be more than two wire sizes smaller than the supply conductpr (copper) to
which it will e connected. For example, if 14 AWG (2.1 mm?) supplyconductors will be usgd, the pigtail
leads providgd shall not be smaller than 18 AWG (0.82 mm?).

25.1.7 No electrical component shall be mounted on a patrt, “'such as the cover of a wjring terminal
compartment] that must be removed to permit field-wiring €ennections to be made or inspegted.

Exception: This requirement does not apply to a preduct in which it is intended that the jpower-supply
circuit wires e connected to an attachment-plug receptacle into which the attachment plug|blades to the
product will e plugged.

25.1.8 A terminal compartment intended_for connection of a supply raceway shall be atiached to the
product so thiat it is resistant to turning,

25.2 Separation of circuits
25.2.1 Field |nstallation conduetors of any circuit shall be separated by barriers:

a) From field installation and factory installed conductors connected to any other circuit, unless
condlictors af both circuits are insulated for the maximum voltage in either circuit apd

b) From\an uninsulated live part of any other circuit in the product, and from any uhinsulated
live Jafkkhe—ehm—eﬁafmng—ewmh—reaﬂﬁ—%ﬁeleekwﬁeleem—eheek— i i i i i } -

25.2.2 Separation of some field installation conductors from others and from uninsulated live parts
connected to different circuits can be accomplished by arranging the location of openings in the enclosure
for the various conductors (with regard to the terminals or other uninsulated live parts) so that there is no
likelihood that the conductors or parts of different circuits can be intermingled. If not more openings are
provided in the enclosure than are necessary for proper wiring of the unit and each opening is opposite
a set of terminals, it is to be assumed in determining compliance with 25.2.1 that conductors entering the
enclosure through any such opening will be connected only to the terminals opposite that opening. If more
openings are provided in the enclosure than are necessary for proper wiring of the unit, it is to be assumed
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in determining compliance with 25.2.1 that conductors will enter the enclosure through openings not
opposite the terminals to which they are intended to be connected and may touch insulated conductors
and uninsulated live parts of circuits other than their own.

25.3 Wiring terminals

25.3.1 A permanently connected product shall be provided with wiring terminals or leads for the
connection of conductors having an ampacity not less than the current rating of the product. A wiring
terminal shall be provided with a soldering lug or an acceptable pressure wire connector, firmly bolted or
held by a screw.

Exception: A wire-binding screw may be used at a wiring terminal intended to accommodate a 10 AWG

(5.3 mm?P) or Emaller conductor, If an upturned lug or the equivalent Is provided o hold The_ wi

A fixed wiring terminal shall be prevented from turning.

25.3.2 A wir

Exception:
connection o
connection o

25.3.3 It shd
branch-circui
connection o

25.3.4 A tern
shall have nd

25.3.5 Atern
have the met

25.3.6 An U
correspondin
of the screw

-binding screw shall not be smaller than No. 10 (4.8 mm diameter).

\ No. 8 (4.2 mm diameter) machine screw may be used at a teminal intende
Fa 14 AWG (2.1 mm?) conductor, and a No. 6 (3.5 mm diaméter) screw may b
Fa 16 or 18 AWG (1.3 or 0.83 mm?) conductor.

uld be noted that 14 AWG (2.1 mm?) is the smallést conductor that is a
wiring and thus is the smallest conductor thabis to be anticipated at g
a branch-circuit conductor.

re in position.

d only for the

b used for the

cceptable for
terminal for

hinal plate for a wire-binding screw shall beécof metal not less than 1.3 mm in thickness and

t less than two full threads in the metal.

hinal plate formed from stock having‘the minimum required thickness as given
al extruded at the tapped hole. for the binding screw so as to provide two full t

pturned lug or a cupped-washer shall be capable of retaining a supp
 in size to that mentionédlin 25.3.1, but not smaller than 14 AWG (2.1 mm?), u
br the washer.

25.3.7 The fiee length of a {ead inside an outlet box or wiring compartment shall be 15 cm

lead is intena

ed for field_connection to an external circuit.

25.3.8 A pe
lampholder

manently )connected product rated at 125 or 125/250 V (three-wire) or less
the “Edison screw shell type, a single-pole switch, or a single-pole automatid

n 25.3.4 may
hreads.

y conductor
hder the head

or more if the

and using a
control shall
ly circuit. The

inal*or lead identified for the connection of the grounded conductor of the supp

a lampholder

and to which no switch or single-pole automatic control without a marked on or off position is connected.

25.3.9 If a product or chassis within a rack or similar enclosure is provided with an attachment plug for
supply connection to a receptacle that is part of the product, and if the product or chassis has an Edison
screw shell lampholder or a single-pole switch connected on the load side of the plug, the plug and
receptacle shall be polarized.
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25.3.10 A field-wiring terminal intended for the connection of a grounded neutral supply conductor shall
be identified by means of a metallic coating that is substantially white in color and be easily distinguishable
from the other terminals, or proper identification of the terminal for the connection of the grounded
conductor shall be clearly shown in some other manner, such as an attached wiring diagram. If wire leads
are provided instead of terminals, the identified lead shall have a white or gray color and shall be easily
distinguishable from the other leads.

25.3.11 Wire-bending space shall be provided in accordance with the National Electrical Code,

ANSI/NFPA 70.

26 Auxiliary

Power Connections

26.1 An auxi
of power, su
Connections
Products, Se
ANSI/NFPA 7

26.2 An atta
that is comm

26.3 If the 4
National Eleg

26.4 Auxiliar
external battd
shock:

a) M
No. 6
are p

b) A
flexib
equiv
body
comg

iary power input connection provided for operation of the product from an afier
th as a Class 1, power-limited source, shall comply with the applicable pertic
- Cord Connected Products, Section 24, and Supply Connections — Permanen
ction 25, if the circuit involves a risk of fire or electric shock. See the Natiohal El
'0, which defines Class 1, power-limited sources.

chment plug provided for connection to the alternative powensource shall nof
pbnly used for line power.

uxiliary power source is not provided with overcurreft protection in accorda
trical Code, ANSI/NFPA 70, such protection shallkbe-provided as part of the p

y power outlet connections provided as a power source for other products
ries, and the like shall comply with one of thé following if the circuit involves a

eans for connection of conduit complying with 25.1.2 — 25.1.6 and wire-bindin
rovided, the terminals shall comply with 25.3.2 — 25.3.4;

length of permanently attached Type SPT-2, NISPT-2, SV, SVE, SVT, SJ, SJ
le cord, an appliance wiring material construction that has been determined to
alent to Type SPF<2"or NISPT-2 cord, or the equivalent, and an acceptable c¢
The cord or appliance wiring material shall be provided with strain relief and
lying with théwrequirements in 24.4.1 — 24.9.1;

c)

A
quic{connect terminals, or leads as described in

an inpulating bushing as described in 24.8.1— 24.8.3; or

openingthat will permit the field installation of a flexible cord and wire-bindin
(a). Such an opening shall be pro

hative source
ns of Supply
ly Connected
pctrical Code,

be of a type
nce with the

roduct.
charging of

isk of electric

) Screws,

-32 (3.5 mm diameter) or larger;,"quick connect terminals, or leads. If wire-bindling screws

E, or SJT

be

rd connector
h bushing

g screw,
vided with

d) A

Exception:

receptacle for a plug-in connection.

supply connection by means of conduit.

The constructions described in (b) — (d) are not acceptable if the product is intended for
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26.5 Auxiliary input and output power connections shall be marked in accordance with 127.9.1.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

52

AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492

MAY 17, 2019

No Text on This Page



https://ulnorm.com/api/?name=UL 1492 2019.pdf

JUNE 18, 2010 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 52A

27 Polarization
27.1 General

27.1.1 A product that is provided with a polarized attachment plug of the two-wire, parallel-blade
configuration or a three-wire grounding configuration shall comply with all of the following:

a) There shall not be risk of fire or electric shock with the attachment plug inserted
supply-circuit receptacle and then with the supply circuit connections reversed.

b) When used in the primary circuit, a manual on-off switch, relay contacts, a solid

in the

state on-off

switch, an automatic control with a marked on or off position, and an overload protective device

shall[be connected so as to interrupt the ungrounded side of the supply Circuit (nar
a twq-wire plug or left-hand blade of a three-wire plug when looking at the facerof+
the grounding pin down). An additional overload protective device if locatedn.ihe ¢
supply conductor shall be of equal or higher rating than the highest ratedrovetioad
devide located in the ungrounded supply conductor.

Exc
anot

tion: This requirement does not apply to a protective device that is an in
er component, for example, a nonreplaceable fuse in a power transformer.

c) The screw shell of a solitary plug fuseholder and the accessible contact of a sol
extraptor fuseholder shall be connected toward the load) 1f'a second fuseholder is |
grou:I:ded side of the line, the screw shell or accessible contact shall be connected
grounded side of the supply circuit (wide blade on*a-two-wire plug or right-hand bla|
threetwire plug when looking at the face of the plug with the grounding pin down).

d C
conn
two-
grou
requi

bmponents connected between primaryi circuit and accessible conductive parts
bcted to the grounded supply circuit*conductor of the attachment plug (wide bl
ire plug, right-hand blade of a three-wire plug when looking at the face of the
ding pin down). If identical eemponents are connected in both side (poles) of
Fement does not apply.

e) The screw shell of an«Edison base lampholder and the identified contact (wide
parallel-slot receptacle-mounted on the product shall be connected to the grounded
circuit conductor of the-attachment plug (wide blade on a two-wire plug or right-han
threefwire plug when looking at the face of the plug with the grounding pin down).

f) The peak(voltage between any inaccessible structural part and the wide blade of
attachment.plug shall not be more than the peak voltage between that structural pg
narrgw, blade of the attachment plug.

ow blade on
he plug with
rounded
protective

tegral part of

tary

bcated in the
toward the
de of a

See also (b).

shall be
ade on a
plug with the
the line, this

lot) of a

supply
d blade of a

the
rt and the
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g) If an interlock connector is mounted on a cover that can be applied so as to complete the
enclosure in the intended manner but with the interlock connections reversed, the size, shape, or
arrangement of the contacts shall be such that the connection of the two interlock parts can be
effected in only one way.

h) Unless a capacitor is acceptable for the application as indicated in 39.1.1, it shall not be
connected where breakdown can result in a risk of electric shock at an accessible metal part.

27.1.2 Except as required in 27.1.1(a), the conductor of the supply circuit that is connected to the
grounded supply-circuit conductor of the attachment plug (wide blade on a two-wire plug, right-hand blade
of a three-wire plug when looking at the face of the plug with the grounding pin down) is considered to be
at grounded potential when evaluating the risk of electric shock.

27.2 Polariz

bd product receptacle

27.2.1 Convgnience receptacles provided on products that have a polarized attachmen

two-wire, par

bllel-blade type shall be of the polarized, two-wire, parallel, slot type:

28 Grounding, Grounding Impedance, and Continuity

28.1 Generdl

28.1.1 Ifag
become ener

a) B
b) A

shall be conr
Test, Section

Exception N(
investigation,
does not rep

Exception N
transformer 1
and wiring,

conductive p

gized and might cause a risk of electric shock as.a result of:
eakdown of a component or
reduction in spacings due to user-servicing or handling of the product

ected to the grounding means. The grounding means shall comply with the Gr
66. Also see 125.5.1 (Continuity of grounding connection).

. 1: An accessible conductive part need not be connected to the grounding
including short-circuiting of any component, determines that the accessible cd
[esent a risk of electtic shock.

0. 2: Accessible conductive parts connected to the secondary circuit of]
eed not be-connected to the grounding means if all other components, com
nvolving a risk of electric shock to ground, are separated or insulated fro
hrts_and secondary parts in accordance with 28.1.3 — 28.4.1, and:

t plug of the

rounding means is provided on a product, all acegssible conductive parts thaf are likely to

ounding Path

means if an
nductive part

an isolating
bonent leads,
m accessible

a) T

Te trarnsformer-secorndary Wirtding to which theurgrournded-accessibte part 15

directly connected to the grounding means or

b) The transformer is provided with a conductive shield that is

1) Connected to the transformer core and the grounding conductor of
power-supply cord and

connected is

a three-wire

2) Located between the primary and secondary windings of the transformer; or

c) The transformer is a toroidal type where the primary and secondary windings are wound on
separate legs of the core and where the core is grounded or is inaccessible and floating.
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28.1.2 A component, as specified in 28.1.1, is considered to be any component (transformer, capacitor,
wire insulation, and the like) unless the component has been investigated and determined to provide an
insulation system equivalent to separate basic and supplementary insulation, reinforced insulation, or
double insulation. See 28.2.1 — 28.4.1 for a definition of basic, supplementary, and reinforced insulation.

28.1.3 ltis not practical to connect certain conductive parts — antennas, antenna terminals, control shafts,
mounting screws, and the like, described in 28.1.1 — to the grounding means. Such parts are not
considered likely to become energized if supplementary insulation is used in addition to the basic
insulation provided. Where it is impractical to provide separate basic insulation and supplementary
insulation, reinforced insulation can be used.

28.1.4 A grounded product having isolated accessible conductive surfaces other than those in 28.1.1 and
28.1.3 shall Have provision for the grounding of such surfaces.

Exception: A small metal part (such as an adhesive-attached foil marking, a screw;,and g handle) that
is:

a) On the exterior of the enclosure and separated from all electricah.Components|by grounded
metayf or

b) Electrically isolated from all electrical components in accofdance with 28.2.1 — 28.4.1,
need not have provision for grounding.
28.2 Basic ihsulation

28.2.1 Basiclinsulation (with regard to 28.1.3) is the jfisulation necessary for the proper fungtioning of the
product and for basic protection to reduce the risk.of*electric shock and shall have all of thg following:

a) Aldielectric voltage-withstand capability of 1000 V for 1 minute and

b) Mjnimum acceptable through-air or over-surface spacings of 1.5 mm in circuits df 125 volts or
less.

28.3 Supplementary insulatjon
28.3.1 Supplementary insulation (with regard to 28.1.3) is independent insulation provided |in addition to
the basic insylation to{protect against electric shock in case of breakdown of the basic insdilation. When

used in circuits invalving 125 V or less, supplementary insulation shall comply with each of fthe following:

a) Sypplementary insulation shall not be less than that required for the same material when used
as basicinsutatior,

b) Supplementary insulation shall possess a minimum dielectric voltage-withstand capability of
2500 V for 1 minute, and

¢) Supplementary insulation shall provide for spacings of:
1) 0.70 mm through the material and

2) 1.5 mm through air and over surface.
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28.4 Reinforced insulation

28.4.1 Reinforced insulation (with regard to 28.1.3) is improved basic insulation with such mechanical and
electrical qualities that it in itself provides the same degree of protection against electric shock as an
insulation system comprised of basic insulation that is not reinforced and supplementary insulation. When
used in circuits involving 125 V or less, reinforced insulation shall comply with each of the following
requirements:

a) Reinforced insulation shall not be less than the total of that required for the combination of
basic and supplementary insulation,

b) Reinforced insulation shall have a minimum dielectric voltage-withstand capability of 3500 V
for 1[minufe, and

¢) Reinforced insulation shall provide for spacings of:
1) 2.0 mm through the material and

2) 3.0 mm through air and over surface.
28.5 Commercial products

28.5.1 A progluct intended only for commercial use and provided with a three-wire power-supply cord with
a grounding ¢onductor shall comply with the requirements in28.1.1—- 28.4.1 and 28.7.1 — 28.12.1 and be
marked in acfordance with 127.13.1.

28.6 Houselold or commercial products

28.6.1 A prqduct intended for either household“or commerical use and provided with|a three-wire
power-supply cord with a grounding conductaershall:

a) Cpmply with the requiremerits-in 28.1.1 — 28.4.1 and 28.7.1 — 28.12.1 (Grounding Continuity)
and

b) Cpmply with the requitements in Double Protection, Section 44, or Double Protgction for
High{Voltage Products; Section 52, as appropriate, with the grounding conductor disconnected.
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28.7 Grounding interconnected products

28.7.1 When two or more products are electrically or mechanically connected to one another and one of
them is grounded:

a) All accessible conductive parts according to 28.1.1 that might render an electric shock shall

be gro

unded on all of the products and

b) Each unit of the system that has a separate power-supply cord shall have a grounding-type

cord.

If the products are interconnected electrically and one of them is grounded, they shall be bonded together

— such as b
supply-circui
power-supply

28.8 Ground

28.8.1 The ¢
stripes.

28.8.2 The g
means such
against corro
conductor. A

screw shall r¢liably penetrate any nonconductive coatinggsuch as paint or vitreous enamel,

to be ground

28.8.2.1 Ifa
the printed-w
Printed-Wirin

28.8.3 A qui
Standard for
conductor of

28.8.4 The d
means such
cord.

28.8.5 Solde

) means of a conductor included in an interconneciing cable. When the-C
(primary) voltage, the grounding conductor shall be at least the same
(primary) conductors in the cable.

ing conductor identification and connection

rounding conductor in a flexible cord shall be green with Or_without one or

rounding conductor shall be secured to the frame or.gnclosure of the product

as a screw. A screw, if used, shall be of corrosion“resistant metal, or shall

lockwasher shall be used to prevent the screw from becoming loosened by

bd. A connector that relies solely on frictien shall not be used.

portion of the main ground is provided on the printed-wiring board trace, then

iring trace as a reliable meansyfor main grounding shall be determined by

) Board (PWB) Trace Test, Section 90A.

Ck-connect terminal (both) connector and tab) that complies with the require
Electrical Quick-Connect Terminals, UL 310, is acceptable for connecting t

the power-supply-eord to the frame or enclosure.

rounding conductor shall be secured to the frame or enclosure of the product

bs a screw!that is not likely to be removed during ordinary servicing not involvi

r-alorie shall not be used for securing the grounding conductor.

hble involves

size as the

more yellow

by a reliable
be protected

s5ion in a manner that will not inhibit electrical cenductivity between the screw and any other

ibration. The
over the part

ompliance of
the Ground

ments in the
ne grounding

Dy a separate
ng the supply

28.8.6 The grounding conductor between parts of the product, in a supply cord, or in a cable shall not be
less than the size of the current-carrying conductors between parts of the product, in the supply cord, or

in the cable.
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28.8.7 The grounding conductor shall be connected to the grounding pin or equivalent fixed contacting
member of the attachment plug.

28.9 Grounding-type cord connector (appliance coupler)

28.9.1 The construction of a product or an appliance coupler shall be such that the grounding connection
is made first and broken last with regard to the power-supply conductors.

28.10 Grounding adapters
28.10.1 Grounding adapters when packaged in conjunction with a product equipped with a three-wire

supply cord shall be marked or tagged with instructions for their use. The adapter shall not be connected
to the attachment plug before reaching the user.

28.11 Grounded product receptacle

28.11.1 Conyenience receptacles provided on grounded products shall be of a gfounding type and shall
be grounded

28.12 Permanently connected products

28.12.1 A fidld-wiring terminal or lead for the connection of an equipment grounding condtictor shall be
provided.
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28.12.2 A field-wiring terminal intended solely for connection of an equipment grounding conductor shall
be a screw-type connector capable of securing a conductor of the proper size.

28.12.3 A wire-binding screw intended for the connection of the equipment grounding conductor shall
have a green-colored head that is hexagonal, slotted, or both. A screw-type, pressure-wire connector
intended for connection of such a conductor shall be plainly identified by the marking "G,” "GR,” “GND,”
”Ground,” “Grounding,” or the symbol @ (IEC Publication 417, Symbol No. 417-IEC-5019-a), or the like,
or by a marking on a wiring diagram provided on the product. The wire-binding screw or screw-type wire
connector shall be located so that it is unlikely to be removed during the normal servicing of the product,
and the wire-binding screw shall have upturned lugs or the equivalent to retain the conductor.

28.12.4 The surface of an insulated lead intended solely for the connection of an equipment grounding

conductor sh
coded.

Exception:

wiring that is
do not apply
that are sepé
National Eled

28.13 Optio

28.13.1 If a
grounding sh

Exception:
need not con
product is pr

29 Current-(

29.1 General

all be green with or without one or more yellow stripes, and no other lead sh3

[he requirements in 28.12.4 that cover the color coding of grounding-leads ap
visible in a wiring compartment in the area in which field connections ‘are to b¢
fo leads or wiring of low-voltage circuits intended to be field connectted to Clas]
rated or segregated from high-voltage circuit, field-wiring cenpections by bar
trical Code, ANSI/NFPA 70, which describes Class 2 wiring:

nal grounding

means for grounding is provided on the product even though it is not re
all comply with all the grounding and polarizatien requirements.

\ two-wire product with a performance ground — for example, a chassis groy
hply with the requirements for grounding if reference is not made to the fact t
btectively grounded.

Carrying Parts

29.1.1 Acur
metal that is

29.1.2 Unin
base or mou
result in a re

ent-carrying partshall be of silver, copper, a copper alloy, stainless steel, alumi
cceptable for the-particular application.

lated cuttent-carrying parts involving the risk of fire or electric shock shall be s
ting sutface so that they are not capable of turning or shifting in position, if suc
uction of spacings below the minimum acceptable values.

Il be so color

ply to internal
b made. They
b 2 wiring and
iers. See the

quired, such

nd terminal —
hat the entire

num, or other

ecured to the
n motion may

applied lock washer is acceptable.

29.2 Contact material

ut a properly

29.2.1 Contacts of sockets, separable connectors, and the like, connected in circuits involving risk of fire
shall be made of nonferrous, spring metal acceptable for the application.
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30 Electrical Connections

30.1 General

30.1.1 If loosening or breaking of electrical connections involves a risk of fire or electric shock, the
connections shall be soldered, welded, or otherwise securely connected. A soldered joint shall be
mechanically secured before soldering.

30.1.2 A lead is considered to be mechanically secured when one or more of the following is provided:

a) At least one full wrap around a terminal,

b) Af Teast one righi-angle bend when passed through an eyelel or opening (except on
printe¢d-wiring boards where components are properly inserted and soldered), and

c) lt|s twisted with one or more conductors.

30.1.3 The placing of a lead along a flat surface and soldering (tack soldering) is not acceptable unless
it can be denponstrated that a risk of fire, electric shock, or injury to persons_is not likely to gccur with the
lead detachefl.

30.1.4 Tack |soldering of a component is acceptable if, when,any one of the componént’s leads is
unsoldered, and the component and unsoldered lead are moved to any position, the qomponent or
unsoldered I¢gad cannot contact any part involving a risk of:ire or electric shock. If the fack-soldered
component irfjvolves a risk of fire or electric shock when displaced, it shall not contact any othler conductive
part so as tolincrease the risk of fire or electric shock,

Exception: Tack soldering of a component weighing 2 grams or less is acceptable if when|any one lead
is unsolderep, and the component and unsoldered lead are moved according to (a)|and (b), the
component dr unsoldered lead cannot contact any part involving a risk of fire or electric shock. The
component and unsoldered lead shall besmoved:

a) T any point along the arc_taused by gravity as though the component were a |free-swinging
weight but not beyond the lowest point of the arc and

b) T any point withiin,15 degrees on either side of the arc formed by the movemeny described in

(a).

30.1.5 Othermeans of securing integral leads (for example, spade-type connectors, wire wrapping, and
the like) are acceptable if they provide equivalent mechanical security.

30.2 Misalignmemntof parts

30.2.1 Inserting a male connector in a female connector other than the one intended to receive it,
misalignment of male and female connectors, and other manipulations of parts that are accessible to the
user shall not result in a risk of fire, electric shock, or injury to persons.

30.3 Wire-wrapped connections

30.3.1 Solderless, wrapped connections are not acceptable where subject to movement or flexure of the
wires during conditions of intended operation or user-servicing.
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30.4 Wire-wrapped wire

30.4.1 Copper wire — solid, pre-fused, stranded, overcoat stranded, or topcoat stranded — in 24, 22, or 20
AWG (0.21, 0.32, or 0.52 mm?3) may be used. Other sizes and types of wire may be subjected to special
investigation.

30.5 Wire-wrapped terminals

30.5.1 Terminals shall be of copper, brass, or plated steel and have at least two sharp edges. Terminals
of other materials may be subjected to special investigation.

30.5.2 The wrap shall:

a) Hpve at least 20 points on the corners of the terminal in contact with the wire arLd
b) Have at least 16 of the points closely wrapped with no overlapping.

See Table 3Q.1 (Typical number of wraps) and the Solderless Wire Wrap Conrections Tes|, Section 95.
A lesser numper of wraps may be used if they provide an equivalent conrection.

Table 30.1
Typical number of wraps
Number df sharp corners on the Number of closely wrapped. turns Total number of turns
terminal
4 4 5
2 8 10

30.5.3 The t¢rm “closely wrapped” in 30.5.2(b).tneans:

a) There shall not be gaps between adjacent turns greater than one half of the diameter of the
wire gxclusive of gaps on the first’and last turns and

b) The sum of all gaps on_any side of a connection shall not exceed the diameter pf the wire
exclusive of gaps on the\first and last turns.

30.5.4 The requirements in-30.5.3 shall be applied only to the actual number of wraps that are tested.
Therefore, gdps betweén-any additional wraps that have been added at the manufacturer’s pption are not
included when deterimihing compliance with 30.5.3.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

60

AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492

JUNE 18, 2010

31 Securem

ent

31.1 Friction-fit electrical connectors

31.1.1 A disconnecting part, such as an electrical connector, that is secured by friction-fit only, shall be
investigated for risk of fire or electric shock in the extreme disconnected position.

Exception: Such an investigation is not required if the parts comply with one or more of the following:

a) The parts are capable of withstanding a separation force of 4.9 N after five insertions and
withdrawals,

b) T

c) Ti
elect

d A
over

e) T
prodi
shoc

pe parts are soldered together and need not be removed for user-servicing,

he parts are of such dimensions or are permanently routed or secured stich th
tic shock will not result if the parts become disconnected,

minimum, 0.70-mm thick insulating sleeve that has at least a 1.5:-mm overlap
the connector parts, and

he disconnection and displacement of parts resulting from)shipping or moving
ict shall not result in a risk of fire or electric shock, asdescribed in Componer,
« test, 67.7.1; the Dielectric Voltage-Withstand TeStsy’Section 71; and 81.1.

31.2 Compdnent handling

31.2.1 Any h
of a printed-w

andling, disconnection, or displacement, either intentional or unintentional, of
iring assembly, a connector, lead, tubeishield, cover, or other similar part that i

normal operaftion or user-servicing shall not resultin a risk of fire or electric shock, as determ

(Component
Disconnectio

31.2.2 With
acceptable in
cover has be|

a) S
and

b) A
to gr

electric shock test); the Dieleciric Voltage-Withstand Tests, Section 71;
n and Component Handling Arcing Test, Section 81.

egard to a risk of electric)shock, a part that is within an enclosure having a
en replaced if bothyef the following conditions exist:
ich displacement or disconnection is obvious prior to replacement of the interl

N energized accessible part does not involve a potential of more than 150 volt
bund*or any other accessible part.

at fire or

is provided

of the
t electric

a component
5 likely during
nedin 67.7.1
and the Part

cover with an

terlock is not to be censidered in its displaced or disconnected condition after the interlocked

bcked cover

5 with regard
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31.3 Evaluation consideration

31.3.1 Barriers, mechanical restraints, and the effect of gravity are to be given consideration when
evaluating disconnection or displacement. A fastening means that relies solely on friction between parts
is not acceptable unless investigated and found to be acceptable for the application. A fastening means
is not to be removed if it cannot be removed inadvertently, and need not be removed during
user-servicing. A flexible fastening means shall return to its original position and shape after flexing.

31.4 Adhesive securement

31.4.1 Barriers, wires, components, and leads that rely only on adhesive as a fastening means shall
comply with the Adhesive Securement Test, Section 100.

3142 A pavlt or label of conductive material secured in place by an adhesive shall corlnply with the
Adhesive-Bagked-Parts Peel Test, Section 101, if, when dislodged, the part or label ean'act|as a bridging
agent and regult in a risk of fire or electric shock.

31.5 Telescoping or rod antennas
31.5.1 With fegard to 13.1.1(b), a telescoping or rod antenna terminating-in an end that might constitute

a risk of injury to persons shall be provided with a minimum 6.0-mm diameter button or bajl on the end.
See 96.10.1 + 96.10.3 for the antenna end piece securement tests:
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31.5.2 A telescoping or rod antenna that is an integral part of a product, and that is constructed so that
any part of the antenna, either in its extended or unextended position, is within or, if broken, falls within
the overall enclosure of the product, shall be provided with a mechanical guard or barrier that will prevent
any part of the antenna from falling into the product and contacting live parts in the event the antenna or

any part of it

were to break.

31.5.3 To comply with 31.5.2:

a) An antenna and its mounting hardware may be mounted completely external to the enclosure;

b) The antenna may be mounted completely external to the enclosure and the mounting
hardware, such as screws, nuts, bolts, or brackets, located within the overall enclosure, provided

with § second means so that the hardware or the antenna cannot fall info tThe produgd

live g
nuts
parts|

c) The antenna and its mounting hardware may be surrounded with $eparate comp

conts

d T
that

will loosen or be stripped, and the mounting hardware will be evaluateghfor co

t and contact
t screws and
htact with live

arts. In determining compliance with the requirement, it is to be assumed\ihg
in this condition;

artments that
in the antenna or its mounting hardware, if broken;

e antenna and its mounting hardware may be provided )with supplementary|insulation so
e antenna or its mounting hardware cannot contact-live parts; or

e) The live parts within the enclosure may be provided ‘with insulation so that the gntenna or its

mour

31.5.4 Moun
antenna is sy
connected to
are not subjg

31.6 Lead-w

31.6.1 Lead
lead wires, €
fitted, or cong
loosened, or
involving a ri

31.6.2 In apy
or both shall

ting hardware, if broken, cannot contact them,

fing hardware refers only to those parts' that are subject to stress when & telescoping
bject to movement and that are used-to mount the antenna itself. Those part$ that may be
or are in contact with the telescoping antenna but do not serve as a mounting means for it
ct to these requirements.

ire connection terminals

wire connection terminal assemblies such as those used for connection of extg¢rnal antenna
kternal speaker lead wires, and the like that are accessible to the user shall pe anchored,
tructed so that(they cannot work loose when the lead-wire connection means are tightened,
pperated if any, part of the assembly could fall inside the product and contact cirguitry or parts
5k of fire gr.electric shock.

lying'31.6.1, the construction of the connection terminal assemblies or their fas ening means

tightening, lo
wires in acco

31.6.3 Consi
terminals or t

rdance wrth any procedure or instructions provrded with the product.

deration shall be given to barriers and additional securing means that prevent the screw
heir fastening means from contacting live parts in the event of detachment.
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32 Captive Parts

32.1 General

32.1.1 A part of the product that is essential for compliance with the requirements of this standard, such
as the requirements described in Accessibility of Parts, Section 18, shall be made captive or otherwise
arranged so that it cannot be deliberately or unintentionally discarded if all of the following conditions exist:

a) The part is subject to removal during user-servicing,

b) The part is not essential for the functioning of the product,

c) THe partis not readily percepliible To the user during the use of the product (Seg Exception No.
2 to 15.1(b) for the definition of readily perceptible), and

d) The omission of the part might result in a risk of fire, electric shock, or-injury to persons.
32.2 Captive knobs

32.2.1 A cagtive knob and shaft assembly shall withstand each of the fellowing tests without exposing
parts involving the risk of electric shock or injury to persons, or adversely affecting the captiyating means:

a) Tihe pressure test according to 98.5.1,

b) The impact test according to 98.11.1 — 98.11.3xahd

c) The pull tests according to 98.4.1(c) or 98:4:2(b).
33 Interlocks

33.1 Generdl

33.1.1 An inferlock shall render parts.that become accessible free from a risk of electric shogk, excessive
temperature, [or driven movementy(that could result in injury to persons).

33.1.2 An inferlock shall beSuch that it cannot be defeated readily without resorting to one ¢r more of the
following progedures:

a) Damaging the product,

b) Mgking wiring connections or alterations,

¢) Using other than ordinary tools, and

d) Using materials other than those readily available (adhesive tape, string, or conventional,
extension-cord sets are considered readily available).

33.1.3 If two momentary-contact switches must be operated to energize the product, the arrangement
shall comply with 33.1.2(d) and the operating means shall be spaced from each other and from
uninsulated parts involving the risk of electric shock so that if they can be operated simultaneously (see
67.1.2) by one or both hands of a person, contact with uninsulated parts involving the risk of electric shock
shall be unlikely.
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33.1.4 The interlock device shall be such that during the operation and user-servicing of the product, all
of the following requirements are met:

a) The interlock cannot be defeated by improper disassembly; for example, removal of the wrong
screws during removal of the cover;

b) The cover in which the interlock is mounted shall not rotate by its own weight about the
interlock axis perpendicular to the cover during any stage of its removal or replacement, if such
rotation gives access to a part involving the risk of electric shock or injury to persons, or damages
the interlock or the cover;

c) The act of removal or replacement of the interlocked cover shall not subject the user to

unintpniional contact with paris involving the risk of electric shock or injury 10 persg

d T
such

e) A
Interl

33.2 User-s¢rvicing guard

33.2.1 A gue
hinged or oth
shall not be 1

33.2.2 A prd
marked acco

33.2.3 With

opening, in tihe plane of the cover, are to be excluded when determining whether the act

replacement
shock or inju

33.2.4 An inferlock connectorsonca polarized or grounded product shall not be mounted o

can be applie
interlock con

33.25 Ifitis

interlock ass¢mblysshall not be readily defeatable with the chassis out of the cabinet.

[e interlocked cover cannot be readily misapplied to result in a risk of electric

misapplication is obvious during and after replacement of the coveryand

N interlock using an appliance coupler and a motor attachment plag'cap shall cg
bek Strain Relief Test, Section 93.

ird to prevent access to live parts through openings in an interlocked enclo
erwise prevented from being discarded if it must.be removed for user-servicir
endered ineffective without being intentionally<deformed or obviously misplace

duct incorporating an interlock intended*to be functional during user-servi
rding to 128.10.1.

egard to 33.1.4(c), parts that .are recessed more than 6 cm from the edge ¢
pf a cover subjects the userto unintentional contact with parts involving the r
y to persons.

d so as to complete the enclosure in what appears to be the intended manne

necessary to remove a chassis from the cabinet for user-servicing, the arrang

nections reversed or without connection of the product to the grounding means.

NS;

shock, unless

mply with the

sure shall be
g. The guard
d.

cing shall be

f the cabinet
bf removal or
sk of electric

a cover that
r but with the

ement of the

34 ElectronicComponents

34.1 Tube interchange and substitution

34.1.1 Arisk

a) In

of electric shock shall not result due to:

terchange of any electron tube used in the product or

b) The substitution of a tube used in the product with its glass or metal equivalent of a like
designation.
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34.2 Standardized pin/socket arrangement

34.2.1 In addition to the evaluations of 34.1.1, certain industry-standardized electron-tube arrangements
must be considered in cases where a risk of electric shock can result by placing potential and current on
a socket pin to which a shield or an electron-tube metal envelope is likely to be connected.

Exception:

Such arrangements need not be considered when there are no electron tubes with metal

shields or metal electron tubes used in the product and there are no counterparts available where the
shield or metal envelope is or might be connected to the particular pin reserved for such use.

34.3 Octal-base tube socket

34.3.1 An 0(
connected to
of electric sh

34.4 Picturertube-base pins

34.4.1 Pictur
voltage conn

35 Sleeving| Tape, Tubing, Wire Insulation, and Flexible Printed Wiring
35.1 General
35.1.1 Sleevjng, tape, tubing, wire insulation, and flexible printed wiring shall be rated fg

involved and
Sleeving, tub
involves a po

77, shall be fated minimum V-2, HF-2, or VJiMM-2. Flexible printed wiring that involves a po

or equal to 1
VTM-2. Refe

Exception:

a) In
the ¢

b) S
or les

The following methods of construction need not comply with this requirement:

tal-base tube socket shall have its pin confacis recessed af least 1.4 mm
any accessible metal part of a tube cannot contact any socket contacts that’in
DCK.

e-tube-base pins not connected in the electrical circuit are corisidered as being
bcted to the tube base.

the temperature attained under any condition of actual use. Tape shall be fla
ng and wire insulation shall have a flame retardant rating (VW-1). Flexible print
wer greater than 15 watts as measured in accordance with the Power Supply T

5 watts as measured in aceaordance with Section 77 shall be rated minimum

sulated wire, sleeving, tape, and tubing used for bundling, routing, and lacing
verall length ‘is equal to or less than 3 cm.

biralled\insulated wire used for cabling routing and the like if the spiralled leng
bs tharn 3 cm.

c) Fi

to 35.10.1 — 35.11.6 for.interconnecting cables and speaker connection wireg.

5o that a pin
volve the risk

at the highest

r the voltage
me-retardant.
ed wiring that
ests, Section
ver less than
HB, HBF, or

of wires if

th is equal to

e Wit d A ,

1) Has a maximum dimension equal to or less than 3 cm or

2) Is segregated from wiring and other parts involving the risk of fire or ele

at:

ctric shock.

d) Sleeving, tape, tubing, and wire insulation that is used on parts that do not involve a risk of
fire or electric shock and that is segregated from wiring and other parts involving the risk of fire
or electric shock.
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35.1.2 Combinations of insulated wire covered with sleeving, tape, or tubing where either the wire,
sleeving, tape, or tubing is not classed as flame-retardant can be subjected to the flame test for VW-1 wire
to determine if the combination can be classed as VW-1.

35.2 Primary wiring to convenience receptacle

35.2.1 A convenience receptacle of Type 5-15R (125-volt, 2-pole, 3-wire grounding), or 6-15R (250-volt,
2-pole, 3-wire grounding) in accordance with the Standard for Wiring Devices — Dimensional
Requirements, ANSI/NEMA WD-6, provided on a permanently connected product shall be wired to the
supply circuit as indicated in Table 35.1.

Exception: Conductors of smaller, cross-sectional area than described in35.2.1 or other series devices
such as printed-wiring board foils, swilching contacts, or connectors may be used if the reckptacle circuit
complies with the Receptacle Overload Test, Section 76.

Table 35.1
Permanently connected product receptacle wiring

Bize of supply circuit conductor, Minimum sijze of lead to receptacle,
AWG (mm?) AWG (mnj?)
14 2.1 18 0.8p
12 3.3 16 1.

10 5.3 14 2.
8 8.4 12 3.

35.2.2 A convenience receptacle of Type 1-15R (125:V0lt, 2-pole, 2-wire), 5-15R (125-volt, P-pole, 3-wire
grounding), gr 6-15R (250-volt, 2-pole, 3-wire grounding) in accordance with the Standj)rd for Wiring
Devices — Dinensional Requirements, ANSI/NEMA,WD-6, provided on a cord connected pr¢duct shall be
wired to the gupply circuit with wiring at least the*gauge of the power supply cord conductors but not less
than 18 AWG (0.82 mm?).

Exception: QConductors of smaller, cross-sectional area than described in 35.2.2 or other deries devices
such as printed-wiring board foils, switching contacts, or connectors may be used if the recgptacle circuit
complies with the Receptacle Overload Test, Section 76.
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35.3 Small-gauge wire

35.3.1 Wire smaller than 24 AWG (0.21 mm?) shall be used only if it is protected from damage due to the
effects of vibration, impact, and handling during the operation and user-servicing of the product.

35.4 Wire handling

35.4.1 The conductor of a wire involving the risk of fire or electric shock shall not become exposed due

to handling d

uring user-servicing.

35.5 Accessibility of internal wiring

35.5.1 Wiring and connecfions inside the product enclosure that present a risk of fire or_4

shall be mad

Exception N
construction
as specified

Exception N|
inaccessible.

Exception Ng
insulation ne

35.5.2 With
35.5.1 is con
according to

35.6 Low-energy circuit wiring

35.6.1 Low-g
contained en
risk of fire or
provided with

B inaccessible.

. 1: Interconnecting wiring of Type SPT-2 or NISPT-2, or an appliance W
that has been determined to be equivalent to Type SPT-2 or NISRT=2 cord or
n 17.4.3 need not be made inaccessible.

b. 2: Flexible cords and cables as specified in 35.10:1"~ 35.10.3 need

. 3: Appliance wiring material inside the overall enclosure that has a minimum, (
pd not be made inaccessible.

regard to the accessibility of internal wiring; the inaccessibility of such wirin
Sidered to exist if, when judged as though it were an uninsulated live part, it
18.1.1 — 18.1.4.

nergy circuit wiring (that_is,~wiring not involving the risk of fire or electric shoc
irely within the enclosufeand that might contact parts inside the enclosure th
electric shock shall be insulated (see 35.1.1) within the enclosure. Such wiring
a means of strajn-relief and push-back relief.

blectric shock

iring material
heavier cord,

hot be made

). 70-mm thick

g required in

s acceptable

k) that is not
At involve the
shall also be
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35.7 Cable and wiring subject to motion

35.7.1 Wires, cable, or cord subject to strain or motion, either within or outside the appliance enclosure
shall comply with each of the following if damage to the insulation can result in a risk of fire or electric
shock:

a) It shall be investigated to determine the effect of continued operation under the strain or
motion to which it is subjected and

b) It shall be provided with:

1) Insulation at all points of strain or motion between conductors, and between
conductors and adjacent conductive parts and

2) Strain relief (see 24.5.1) and a bushing (see 24.8.1).
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35.8 Wiring subject to handling

35.8.1 A lead that involves a risk of fire or electric shock and that may be flexed or handled during
user-servicing shall be acceptably secured.

35.9 Openings in conductive material
35.9.1 An opening in a conductive material used for the passage of a wire connected to a circuit that
involves the risk of fire or electric shock shall be free from sharp edges, burrs, fins, and the like that might

damage the conductor insulation.

35.10 Remote or interconnecting cable

35.10.1 Eacll\ flexible-cord or -cable assembly used for external interconnection betweén sgctions of the

product, or between products shall comply with all of the following requirements:

a) The assembly shall be of the type specified in 35.10.2 depending on-the voltagd
abnofmal tests, and length;

, current,

b) The assembly shall have an ampacity rating not less than the-eurrent rating of t
accesgsory, or product level it supplies; and

he product,

c) The assembly shall be provided with strain relief, card\exit, and push-back relief
described in 24.5.1, 24.6.1, and 24.9.1) if the assembly is permanently attached to

(as

the product.
35.10.2 A flgxible-cord or -cable assembly used as a remote cable shall comply with one dr more of the
following reqliirements:

a) The assembly shall be of or use a construction equivalent to Type SJ flexible cqrd and shall

be miarked "VW-1.”

b) The assembly shall be of ofuse a construction equivalent to Type SV or Type $
-2 flexible cord, or an appliance wiring material construction that has been d¢
be equivalent to Type SPI-2 or NISPT-2 cord and shall be marked "VW-1,” if the |
cord Js equal to or less-than 3 m.

c) The assembly shall be of or use a construction equivalent to Type SP-1 flexible
shall|be marked-“VW-1,” if both of the following conditions are met:

1)SThe risk of electric shock is not involved.

bPT-2 or
btermined to
ength of the

cord, and

rcuits

between conductors of the cord and any conductor of the cord and earth ground, or any

other accessible part.

d) The assembly may be of any other type or construction of wire or cord when all
following requirements are met:

of the

1) The construction complies with the test conditions in 35.10.2(c)(1) and 35.10.2(c)(2);

2) An arcing test shows there is no risk of fire that might occur as a result

of the test

described in 82.1 and 82.2, conducted between the conductors involving risk of fire; and
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3) The conductor insulation, and jacket if used, is marked "VW-1.”

e) The assembly may be of any type or construction of wire when the voltage involved is less
than 42.4 V peak and the power capability is less than 15 W. The power measurement shall be
made in accordance with the Power Supply Tests, Section 77.

35.10.3 Products intended for connection to accessories by qualified service personnel and provided with
external connections need not be provided with interconnecting cables. Instructions shall be included with

the products

to indicate type of wiring needed.

35.11 Audio ampilifier circuit output connections— external speaker connection wire and

terminals

35.11.1 Cab
output limiteq
(VW-1).
Exception Ng
Exception N
involved is e
this requirem

35.11.2 A pr
or 70.1 shall

a) A

consfruction that has been determined to be equivalent to Type SPT-2, NISPT-2, o

cord,

that mecessary for proper placement of the speaker system to achieve normally exy

acou

b) A
SPTH
be eq
comg

c) A
parts

es provided for connection of an external speaker to an audio amplifiericit¢
| in accordance with 67.3.1 and 70.1 shall have insulation with a flame re
. 1: Such insulation is not required if Type SP-1 or heavier flexiblé cord is pro
p. 2: Leads that are intended to be connected to audio,output circuits whe
s than 42.4 volts peak and the power capability is less than 15 watts need nd

ent.

bduct with an amplifier circuit having an output:that is not limited in accordandg
be provided with one of the following to permit\éonnections to the audio outpu

length of permanently attached, Type SPT-2 or NISPT-2 cord, an appliance w
or equivalent flexible cord or cable eomplying with 35.10.1. An acceptable len
stic effects.

P or NISPT-2 cord, an appliance wiring material construction that has been de
juivalent to Type/SPT-2, NISPT-2, or heavier cord, or equivalent flexible cord

lying with the requirements of 35.10.1. The arrangement shall comply with 30

connectiveldevice (such as a binding post, push-in terminal, and the like), the
of which Jare rendered inaccessible by inherent insulation of the device, by ex

barri
the ¢

rs or'covers over the device, or other equivalent insulating means. The mater
nnecting parts (that is, the receptacle, the mating connection, and the like) sk

uit having an
ardant rating

Vided.

h the voltage
t comply with

e with 67.3.1
I circuit:

iring material
I heavier

gth would be
ected

receptacle on the productfor a plug-in connection along with a mating plug afnd a Type

termined to
br cable
2.1.

conductive
ternal

als used for
all comply

with e fottowing:

1) The material shall be at least 0.70 mm thick and

2) The material shall comply with Table 20.1.
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35.11.3 When 35.11.2 (a) or (b) is selected, all necessary materials to make the connections and to
insulate them shall be provided along with installation and connection instructions.

35.11.4 When a connective device according to 35.11.2(c) is selected, installation instructions that
describe and depict the proper method(s) for making connections to the audio-output circuit by means of
the particular connective device shall be provided with the product. The connective-device assembly, its
inherent insulation, and any external barriers or covers shall be constructed so that, when connections are
made according to the installation instructions, all of the following conditions are met:

a) The connections can be made without any preparation of the conductors other than the
removing of wire insulation;

b) THe uninsulaied conductors are prevented from slipping ouf when the conduclive device is
tightgned,;

c) Afleast 1.5 mm of the wire insulation in addition to the bare conductorenters thie assembly;
d) There are no openings in the insulated assembly that would allow:

1) The bare conductor to exit and
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2) Connections to be made in any manner not described in the installation instructions.

e) The accessibility probe illustrated in Figure 18.1 cannot contact:

1) Any conductive parts of the connection device with the terminal adjusted to any
position (open, closed, and the like) without any connections made to it and

2) Any conductive parts of the connection device, as well as uninsulated conductors,
parts of conductors, and the like, when connections have been made according to the

installation instructions.

35.11.5 Amplifier output-circuit parts operating at a potential not limited in accordance with 67.3.1 or at

power not lin

35.11.6 A pr
or 70.1, or bg

36 Devices and Applications

36.1 Mounti

36.1.1 A use
so that it is n

Exception N(
requirements

a) Tl
switd

b) Tl
it;

c) T
d) O
Exception Nd
indicator ligh

cannot be U
acceptable v.

Ited In accordance with /0.1 shall be insulated or inaccessible.

bduct with an amplifier circuit having an output that is not limited in aceordandg
th, shall be marked in accordance with 128.12.1.

ng

r-accessible switch, lampholder, receptacle, or similar.component shall be mou
bt capable of turning.

. 1: The requirement that a switch cannot bé-turned can be waived if all of]
are met:

ne switch is a plunger or other type.-that does not tend to rotate when opera
h is considered to be subject to forces that tend to turn the switch during its o

e means of mounting the switch make it unlikely that operation of the switch

he spacings are not reduced below the minimum values if the switch rotates; g
peration of the(switch is by mechanical means rather than by direct contact by

. 2: A lampholder of a type in which the lamp cannot be replaced, such as a
F in which the lamp is sealed in by a nonremovable jewel, need not be secy
rned,~provided rotation of the lampholder cannot reduce spacings below
hlues:

e with 67.3.1

nted securely
the following
ted (a toggle

beration);

might loosen

nd
persons.
neon pilot or

red so that it
the minimum

Exception No. 3: A user-serviceable lampholder intended to be readily removable without the use of a tool
need not be secured so that it cannot be turned.

36.1.2 Inadvertent loosening of parts shall not reduce spacings below minimum values or cause
accessible parts to render an electric shock.

36.2 Securing means

36.2.1 The means used for securement mentioned in 36.1.1 and 36.1.2 shall consist of more than friction
between surfaces — for example, a properly applied lock washer is an acceptable means of securement
for a device having a single-hole mounting means.
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36.3 Unused receptacle

36.3.1 An unused receptacle, such as one provided for the attachment of an accessory, that involves a
risk of electric shock shall comply with both of the following requirements:

a) The unused receptacle shall not be of the type generally used as a receptacle for signal
interconnection of products (for example, a single-prong, shielded-type phonograph plug) and

b) The unused receptacle shall involve 120-V, 60-Hz (supply-circuit) voltage only if it is of the
conventional, parallel-slot type.

36.4 Receptacle separation

36.4.1 The gpacing between any adjacent parallel-slot receptacles on a product shall prlovide for the
simultaneous, full insertion of attachment plugs having the face size indicated in Figure 361 in all of the
receptacles.

Figure 36.1
Plug-face dimensions for determining outlet separation

5.6 mm R MAX,

! 4
19 mm [} -+ {}
' N /

4 26 mm —

BLADES CENTERED

SA1955C
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36.5 Receptacle configuration

36.5.1 The configuration of a convenience receptacle shall be of a type intended for the supply circuit to
which the product is to be connected. In other words, supply-circuit connected receptacles provided on
cord-connected products shall conform to the configuration applicable to the attachment plug on the
supply cord.

Exception: If a receptacle is intended for an accessory that cannot be used separately (that is, must be
used with the basic product), other configurations may be acceptable

36.6 Receptacle mounting clearance — conductive surface clearance

36.6.1 A recéptacle mounted onio a conductive surface shall have the face of the recepiacle mounted at
least 2.4 mm|from the conductive surface as shown in Figure 36.2.

36.7 Receptpcle mounting clearance — small outlet surface clearance

36.7.1 A recgptacle with face dimensions of less than 15.9 mm in width or 22.2 mm in length shall have
the face of the receptacle mounted not more than 4.8 mm from the adjacent:mounting surface as shown
in Figure 36.B. The adjacent mounting surface is considered to be within-a 22.2 mm long and 15.9 mm
wide area syjnmetrically located about the receptacle contacts as shown in Figure 36.3.
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Figure 36.2
Minimum conductive surface clearance

2.4 mm

=4

S3663

Figure 36.3
Small outlet

MAXIMUM SURFACE ADJACENT MOUNTING

CUEARANCE SURF

C— CONDUCTIVE SURFACE

ACE

ol

B [

0]

/ 15.9 mm
/

////JL

S3669 | —

22,2 mm
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36.8 Receptacle insertion clearance

36.8.1 The area surrounding an unused attachment-plug receptacle shall be free of any projections that
might interfere with the full insertion of the blades of a circular attachment plug having a face diameter of

30.2 mm.

Exception:

This requirement does not apply if the projections are such that the blades of the attachment

plug are obstructed from being inserted to make electrical contact with the female contacts of the

receptacle.

36.9 Lampholder construction

36.9.1 Termi
secured with
electric shoc
rendering an
shall comply

36.10 General switch and relay applications

36.10.1 A sw
for that comp
specified in t
Exception:

less during ig
the switch m

36.10.2 The
controls whe

36.10.3 A sU
a) S
b) B

Exception Nd
main on-off §

Exception N(

hals, conduciive paris, and contacts of a lampholder shall be securely riveie

or without the lamp in place. The lampholder terminals and other parts involv
K, including the lamp base, shall be protected against the likelihoodyeD grg
electric shock while in use or during user-servicing. Insulation of lampholder
with 20.6.1.

itch or other current-interrupting device shall be tested in_accordance with the
onent. The actual load controlled in the product may be used in place of the
e requirement applicable to the component.

\ switch or relay that is not connected to the*supply circuit, controls a power (
le conditions, and is constructed and connécted so that no risk of electric shod
hifunctions need not be tested.

current rating of a supply-circuit_control switch shall not be less than the ¢
h the product is adjusted as indicated in 68.5.1.

pply-circuit control switch-shall:
htisfy Equation 36.1 er
b TV-rated (seg¢ 36:10.4).

. 1: A keylock supply-circuit control switch need not be TV-rated if it is used in
witch in_a commercial product to reduce the likelihood of unauthorized use of

periods of nor=use)that 75 ot accessible o thefromtof thearit-and 15 1ot operabie 1ro1

control need

or otherwise
ng the risk of
unding or of
screw shells

requirements

artificial load

bf 50 waltts or
k will result if

urrent that it

series with a
the product.

t during long

D25 YA vacation switch (a switch used to disconnect power from the produd

not be TV-rated.

m the remote

36.10.4 The current and voltage rating of a TV-rated switch shall not be less than the maximum
steady-state rms current and voltage that it controls. A TV-rated switch is marked with the type
designation TV-1 to TV-20. The suffix number in the type designation represents the maximum
steady-state current (rms) in amperes.

36.10.5 The current and voltage rating of a supply-circuit relay shall be acceptable for the application. The
current rating of the contacts of the relay shall be equal to or greater than the maximum steady state (rms)
current that it controls.
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in which:

lp is

Test,

Ais

36.10.6 If th

correspondin

relay is to be

Exception:

36.11 Receq

36.11.1 A s\

current and

current and V
Exception: 4
36.12 Doubl
36.12.1 A dg
a 120-V AC ¢

current, frequ
current, frequ

Exception:
accepted wit

Equation 36.1
Maximum current controlled by a non-tv-rated switch

Iy <1.414 A

Section 65, and
he switch current rms rating in amperes.
e peak inrush current controlled by the supply-circuit relay exceeds the

subjected to the Relay Endurance Test, Section 83.

tacle switch or relay
vitch or relay that controls a supply-circQit"connected receptacle shall be T
oltage that it controls based upon th&ymarked receptacle rating.

\ relay that complies with the Relay Endurance Test, Section 83, need not be
le-pole, TV-rated switches controlling two circuits

uble-pole, TV-rated.switch controlling two different circuits (for example, one p
ircuit and the other)pole controlling a DC circuit) shall be acceptable for the ap
ency, and vpltage rating for each pole shall not be less than the maximum

ency, and.voltage that it controls.

\n AC\TFV-rated, double-pole switch controlling one AC circuit and one DC d
nouit.further tests if:

he peak inrush current controlled by the switch, as determined by the PeaKln

j to the relay contact rating — relay contact current rating in-amperes, rms, time

Relay contacts with a suitable TV-rating need not be subjected to the relay er

rush Current

peak current
s 1.414 — the

durance test.

V-rated. The

oltage rating of the switch or relay shall not be less than the maximum steady-state rms

TV-rated.

ble controlling
plication. The
steady-state

ircuit may be

a) The DC circuit voltage is 42.4 V or less,

b) The DC circuit power capability is 50 W or less, and

c) The DC current is 10 percent or less of the 120- or 240-V AC current rating of the switch.
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36.13 Transfer switch

36.13.1 An AC/DC transfer switch that involves the risk of fire or electric shock, used in a combination
supply-circuit and battery-operated product, shall be arranged so that it cannot be inadvertently operated.

36.14 Solenoids and motors

36.14.1 A solenoid or motor connected in the supply-circuit or in a circuit having a power capability of
more than 50 W [see 77.1.2(b)] shall be investigated in accordance with 75.3.

37 Protective Devices

37.1 A prote
with the appl

37.2 Protecti

Flive device such as a fuse, manual-reset overcurrent device, or fusible resisio
cable protective-device component requirements.

ve devices may be located in either, or both, of the following locations:

a) Tle circuitry inside the product (see the markings described in 128,4.1, 128.4.2

128.4

1) or

b) The attachment plug [see the markings described in 128.51, 128.6.1, 128.9.1, ¢

131.8

37.3 For pur

(14)].

poses of overload protection, a printed wiring board conductor or any individual

is not considg¢red to be a protective device.

38 Transfor

38.1 Generdl

38.1.1 Isolat
standards ing

mners

ng transformers shall comply_with the construction and performance requirg
icated in Table 38.1.

38.2 Transformer enclosure

38.2.1 The g
shall comply

nclosure of a transformer mentioned in test option 4 of Table 77.1 and note ¢
with the following items:

a) The enclésure shall be of metal or the equivalent.

shall comply

and

nd

wire or wires

ments in the

of Table 38.1

D

b) TI|1e enclosure shall completely and individually enclose the transformer winding

Exception: A transformer need not be provided with an enclosure if it:

a) Is a high-frequency or signal and coupling type or

b) Has an input of 60 W or less, measured after 1 minute of operation, with all
secondary windings short-circuited and complies with the Short-Circuit Test, Section 79.

c) The enclosure shall not be provided with holes or louvers that allow the circulation of air.
Holes for the entrance or exit of wires may be provided if all of the following conditions are met:

1) An unused portion of any lead opening is not larger than 130 mm? in area;
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2) The total unused portion of two or more lead openings is not more than 230 mm? in
area; and

3) All openings provided for lead wires, but not so used, are effectively closed.

d) The enclosure shall not be larger than the transformer itself, unless the acceptability of the
combination is investigated and determined to be acceptable.
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e) The enclosure shall not contain polymeric materials unless the specific combination of
construction and materials is investigated and determined to be acceptable.

Exception: A small amount of phenolic composition, such as a terminal block, may be used
without investigation.

Table 38.1
Isolating transformer requirements

Type of isolating transformer Shall comply with all applicable UL Shall comply with all UL 18762
14112 requirements requirements
Power YesbC No
Motor Yesbe No
High-frequenty Yesd No
Signal and cpupling No Yes

2 UL 1411 is|the Standard for Transformers and Motor Transformers for Use in Audio-, Radio-, and Television{Type

Appliances and UL 1876 is the Standard for Isolating Signal and Feedback Transformers forpUsé in Electronic|Equipment.
b Power Input, Temperature, and Abnormal Operation tests specified in UL 1411 may be.conducted in the conpplete

product.
¢ The 7-hour|or 15-day abnormal operation tests required in UL 1411 need not be cohducted if the total power| output of
the transformer is equal to or greater that 15 watts, and the transformer is provided‘with an enclosure that conpplies with
38.2.1.

d Only Sectidns 4 — 14, 22 — 25, 27, and 28 of UL 1411 apply to high-freqdehcy switching transformers.

39 Capacitofs, Varistors, and Suppressors
39.1 Isolating components

39.1.1 A component such as a capacitor, a combination capacitor and resistor, or a suppressor used for
antenna blocking, line-by-pass, or metal-cabjnet isolation; or between supply-circuit (line) copnected parts
and exposefl metal parts (where the «component is continually stressed) shall comply with the
requirements|in the Standard for Capagitors and Suppressors for Radio- and Television-Typg Appliances,
UL 1414.

39.2 Acrosstrthe-line component

39.2.1 A component such'as a capacitor, a combination capacitor and resistor, a varistor, or|a suppressor
connected agross the Supply circuit shall comply with the Standard for Capacitors and Suppressors for
Radio- and TElevision-Type Appliances, UL 1414,

39.2.2 A component as described in 39.2.1, used in series with an impedance or a protective device in
accordance Wi 22, ; i i cross-the-line
capacitors if the combination of the component and impedance or the component and the protective
device complies with the requirements for across-the-line capacitors in the Standard for Capacitors and
Suppressors for Radio- and Television-Type Appliances, UL 1414.
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39.2.3 A component as described in 39.2.1 is also considered to be across the line under any of the
following conditions:

a) The component is used for antenna blocking or line-by-pass isolation in a product provided
with an external antenna terminal or terminals that might be grounded and

b) The component is used for line-by-pass isolation in a product provided with a terminal or
connection intended to be grounded.

39.3 Electro

lytic capacitor

39.3.1 A liquid-electrolyte, metallized-film, or conductive-foil type electrolytic capacitor connected in a

circuit capabl
77, and havii
internal presg

39.3.2 A cap
obstructed. |
suitable mea

39.4 Capaci

39.4.1 A cap
in 77.21 -

B of delivering a power of more than 15 W as defermined in the Power Supply.
g a diameter of more than 10.0 mm, shall be provided with a means of reliev
ure.

acitor as described in 39.3.1 shall be positioned so that the pressure relief
obstruction of the pressure relief means cannot be determined by visual
ns shall be used to force the capacitor to vent in its intended.manner.

or employing liquid or wax dielectric medium

acitor connected in a circuit having a power availability of more than 15 watts g
77.2.4 and using a liquid or wax dielectriccmedium more combustible

(polychlorinated biphenyl dielectric oil) shall comply with the" Standard for Capacitors UL

protected oil-

filled capacitors.

ests, Section
ng excessive

means is not
inspection, a

s determined
than askarel
B10, covering
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40 Line-Connected or Direct-Connected Series Resistors

40.1 A resistor connected in series with the line (supply) circuit input of a line-connected or
direct-connected product or the primary of a power-transformer-isolated product, for the purpose of
reducing the input surge current, the power-supply voltage, or both, shall comply with the requirements in
the Standard for Fusing Resistors and Temperature-Limited Resistors for Radio- and Television-Type
Appliances, UL 1412.

Exception No. 1: Resistors connected to the line at the load side of a fuse rated 1 A or less need not
comply with the requirements in UL 1412.

Exception No. 2: Resistors connected to the line at the load side of a resistor rated 120 ohms or more
need not corfply with the requirements in UL 1412.

Exception No. 3: Line-to-chassis resistors used to comply with 43.1 need net_comply with the
requirements| in UL 1412.

Exception Np. 4: Gas discharge lamp series dropping resistors and resistor/capacitor lcombinations
connected agross primary switch contacts for the purpose of contact areXsuppression nedd not comply
with the requfrements in UL 1412.

Exception N¢. 5: Other resistors that are not involved with the-péwer supply of the product need not
comply with the requirements in UL 1412.

Exception Np. 6: Resistors that comply with test option’s of Table 77.1 need not comply with the
requirements|in UL 1412.
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41 Lasers

41.1 Products that use a laser shall comply with the current construction requirements of the Code of
Federal Regulations, Title 21, Chapter |, Subchapter J, Sections 1010.2 and 1010.3 and Sections 1040.10

and 1040.11

41.2 With reference to 41.1, compliance of laser products with the Code of Federal Regulations (CFR),
Title 21, Part 1040, shall be determined by:

a) Determining the Class of laser (as defined in the CFR) from the manufacturer’s required
documentation, such as the Center for Devices and Radiological Health (CDRH) report,
markings and labels, or similar documentation;

b) V
CFR

c) D
interl

d) D

this g

are affixed on the laser product (as defined in the CFR);

btermining that the corresponding construction features, such as pretective ho
bcks, and similar features, are provided in accordance with the CGFR; and

tandard.

42 Batterie§ and Battery Circuits

42.1 General

42.1.1 A bg

Battery-Circu

ttery shall comply with the requirements in this Section and with the

42.2 Battery connections

42.2.1 A batfery used in a combinationsupply-circuit and battery-operated product shall not

to the supply

Exception:
protected so

circuit.

This requirement does not apply if current-carrying parts are insulated, arranged

that there is narisk of fire or electric shock.

btermining that the resulting construction complies with the censtruction requir

t Tests — Electrical, Section 88, and the' Battery Tests— Mechanical, Section 8

brifying that the manufacturer's markings and labels having the information splcified in the

ising,

bments of

Battery and
0.

be connected

or otherwise
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42.3 Battery terminals

42.3.1 The terminals of a battery shall be protected or located so they cannot be inadvertently
short-circuited during installation, replacement, or while in service.

42.4 Automotive or marine battery cord connections

42.4.1 The connecting means of a product cord intended for connection to a marine or automotive battery

circuit shall b

e acceptable for the application.

42.4.1.1 The flexible cord used with an automotive type battery shall be Type SPT-2, non-integral SPT-2,

or SVT.

42.4.2 A plu
acceptable ¢

42.4.3 An A(
not use a ¢
described in

42.5 Battery-circuit fuse

42.5.1 A pro
battery-suppl
than 15 watts

42.5.2 A fus
conductor elq

Test, and 128.6.1, Protective device replacementimarking).

Exception:

42.5.3 If the
or the like),
greater than

42.5.4 The
electromechd

g constructed to engage an automobile cigar-lighter receptacle is am ex
bnnecting means.

C/battery product that is intended to be powered from a separable battery-sup
bnnector on the product that has a configuration that engadges the AC cq
P4.4.1,

Huct intended for use with a battery shall be provided’with a fuse or protective
y circuit if the battery is external to the product and'is capable of producing a p
—see 90.1.

b or protective device shall be located in“er adjacent to the battery connecting
ctrically opposite to the circuit commpon' conductor. (See 90.1, Battery Supply
[he fuse may be in the battery-supply circuit common if equivalent protection i
fuse or protective device_is not located within the actual connecting means (c
he length of wire between the connecting means and the protective device

13 cm.

battery-connecting means mentioned in 42.5.2 is defined as the f
nical congection at the battery or battery cell.

ample of an

ply cord shall

rd-connector

device in the

ower of more

means in the
Short-Circuit

5 provided.
bnnector plug

shall not be

rst point of

Figure 42.1

Battery conmecting means

Figure 42.1 deleted
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43 Antenna Discharge Path

43.1 Each terminal or lead provided for the connection of an external antenna or cable-system input shall
be conductively connected to the supply circuit. The conductive connection shall have a resistance of 12
megohms maximum; comply with the requirements in the Standard for Conductive-Path and
Discharge-Path Resistors for Use in Radio-, Video-, or Television-Type Appliances, UL 1676; and the
connection shall be effective with the power switch either on or off.

Exception No. 1: The conductive connection need not be provided if all of the following requirements are

met:

a) Such a connection is established in the event of electrical breakdown of the antenna or

cablé

b) Tl
short
Prote

c) Ti
whic

Exception Ng
for antenna
Television-T)

44 Double H
44.1 A prody
cable conver
for double p
Protection fo

Exception Ng
double prote

Exception Nd

and providedl with a grounding means in accordance with Grounding, Grounding Img

Continuity, S

442 If a pr
assembly, th

-System Input isolating means;

ne breakdown mentioned in (a) does not result in a risk of electric shogk,.and
-circuit any of the components necessary to comply with the requirements in [
ction, Section 44, or Double Protection for High-Voltage Products, Section 52,

pe resistance of the conductive connection between the supply eircuit and the
1 has a construction using an isolating power transformer; dees not exceed 12

. 2. A capristor (a capacitor with a built-in shunt resistof) that complies with the
isolating capacitors in the Standard for Capacitors and Suppressors fo
[pe Appliances, UL 1414, need not comply with-this requirement.

rotection

ct intended to accept composite teleyision signals — for example, a VCR, tel
er, satellite receiver, audio/video receiver, or the like — shall comply with the

High-Voltage Products, Section 52.

. 1: A 75-ohm, F-Type coaxial antenna connector need not comply with the req
btion.

. 2: This requifément does not apply to a video product intended only for co
bction 28:

bduct™is shipped from the factory with a separate 75-t0-300 ohm couplin
b 300-ohm terminals of this assembly shall be provided with double protect

does not
Double
and

chassis,
megohms.

requirements
Radio- and

bvision tuner,
requirements

rotection of antenna terminals{yantenna connections, and integral antennas in Double

uirements for

mmercial use
edance, and

j-transformer
on when the

assembly is

onmected to theproduct.
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45 Accessories

45.1 Accessory installation procedure

45.1.1 An accessory intended specifically for use with a product shall be investigated to determine that:

a) The accessory and

b) The combination of the accessory and the product

comply with applicable requirements.

Exception:
complies with

a) T
requ

b) T
acco

he combination of the accessory and the product need not be investigated if
all of the following requirements:

ne accessory is intended to be installed by qualified service personnel and is 1
yed by 45.1.4;

e accessory or the product, or both, has auxiliary power connections marked
rdance with 127.9.1; and

c) The accessory is provided with installation instructions-as required in 130.1.3.

45.1.2 An ag
requirements

cessory is considered to be intended specifically.for use with a product if one of
is met:

a) The accessory is packed with the product,

b) The accessory is referenced by manufacturer's name and catalog number in a |

mark

ng, or

c) The product manufacturer’s:literature (instruction manual, use-and-care informat

adve
name

and catalog number, with a product.

45.1.3 The ipstallation or cannection of an accessory that is intended to be installed or con

user shall no

require the tise of other than ordinary tools and shall not require any act that

the risk of fife, electri¢ shock, or injury to persons (for example, reduction of spacings ¢

components)

45.1.4 An adg

cessory that is intended to be installed or connected by qualified service pers

he accessory

narked as

in

the following

roduct

on,

tising or promotional material) indicates or implies use of the accessory by manufacturer’s

nected by the
might involve
r damage to

bnnel may be

provided with

extermal-power connections (see 127-9 1) andshattbe marked—toindicate |

qualified service personnel only (see 130.1.3).

1stallation by

45.1.5 The installation of accessory products by qualified service personnel shall be such that:

a) The mechanical positioning can be accomplished by means of regular tools normally
available or by means of special tools provided by the organization responsible for the product

as a

part of the installation kit and

b) The electrical connections can be readily accomplished by making use of existing terminals
and connections in the product or as a part of the building wiring.
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45.2 Tripods

45.2.1 Tripods for use with cameras provided with a standard 1/4 — 20 threaded hole need not comply
with 45.1.1 unless the tripod complies with 45.1.2 (b) and (c) and is provided with the manufacturer’s
name and catalog number.

45.3 Accessory jumper plug
45.3.1 If the use of a tool to remove a jumper plug provided in a receptacle that is intended for the

connection of an accessory involves a risk of electric shock, the plug shall be of such size and shape that
it can be removed readily by hand.

45.4 Accesdgory connection

45.4.1 A recgptacle or connector, except as noted in 127.7.1, shall be a female type.-that|requires that
the accessory/connector have all contacts exposed. The receptacle or connector shall’ not involve energy
that presents|a risk of fire or electric shock, under normal operating conditions, er-under any [condition that
includes the introduction of any one short circuit or any one open circuit in anjxone component that is not
reliable, suchl as a vacuum tube or transistor and the connection of any cofinector terminal tp the chassis,
to ground, or[to any other accessible part.

LIQUID CRYBTAL DISPLAY (LCD) VIDEO PRODUCTS
46 General

46.1 In addifion to complying with all other applicabléZrequirements in this standard, ah LCD video
product shall|comply with the requirements in Sections:47 — 49, 108 — 115, 133, and 134.
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47 Overtem

perature-Protective Device

47.1 Overtemperature protection that is provided for compliance with the Abnormal Operation Tests,

Section 115,

shall consist of one of the following:

a) Thermal protection complying with the applicable requirements for fluorescent-lamp-ballast
protectors in the Standard for Temperature-Indicating and -Regulating Equipment, UL 873.
Compliance with the Standard for Automatic Electrical Controls for Household and Similar Use,
Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL

6073

0 series fulfills these requirements;

b) A thermal cutout complying with the requirements in the Standard for Thermal-Links —

Requ
¢) Another protective device that is investigated and found to provide equivalent pr

47.2 A therm

Irements and Application Guide, UL 60691; and

48 Lamp Cdmpartment

48.1 An LCO
a lamp comp
in diameter. R
rest shall be

Exception:
likely to drop

video product intended for use with a medium or high, pfeéssure lamp shall be

bf a material as specified in 48.2.

to and rest may be provided with open holes greater than 3.0 mm diagonally

if additional barriers are located such that there is-no line-of-sight opening between the a

lamp and an)

48.2 With re
likely to drop
screen with g

Exception Nd
Particle Igniti

Exception Nd
the Glass Th

point external to the product.

to and rest, shall be metal,-minimum 3.0 mm thick tempered or borosilicate g
pen holes of maximum 3.0 mm diagonally or in diameter.
pn Test, Sectigh +11.

. 2: A glass-material other than tempered or borosilicate glass may be used if it
crmal Shock/Containment Test, Section 112.

al or overload protective device shall not function during normal gperation of t

brtment. The lamp compartment shall have no open holes greater than 3.0 mm
Parts of the lamp compartment where particles from atuptured lamp are likely t

A\ lamp containment barrier at points otherdhan where particles from a ruptu

. 1: A lamp comparitment of a polymeric material may be used if it complies

ptection.

he product.

provided with
diagonally or
p drop to and

red lamp are
br in diameter
[c tube of the

hard to 48.1, the surface of the_lamp compartment, where particles from a ruptyred lamp are

ass, or metal

ith the Lamp

complies with
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49 Ultraviolet Radiation Interlock

49.1 An interlock provided to reduce the risk of ultraviolet radiation shall comply with the requirements in
Interlocks, Section 33, and be provided with a marking as indicated in 133.5.1.

HIGH-VOLTAGE PRODUCTS

50 General

50.1 Details

50.1.1 In addition to complying with all other applicable requirements in this standard, a high voltage

product shallf[comply with tThe requiremenis in this Secfion and in Secfions 51, 52, 116 = 119, 135, and
136.

50.1.2 In determining the acceptability of insulated high voltage conductors, referdo note a fto Table 63.1
for test voltages.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

JUNE 18, 2010

AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492

81

No Text on This Page



https://ulnorm.com/api/?name=UL 1492 2019.pdf

82 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 APRIL 30, 1996

50.2 Degaussing coil insulation

50.2.1 Insulation on a degaussing coil that involves a risk of fire or electric shock shall be of acceptable
material that has a minimum thickness of 0.70 mm.

Exception: Degaussing coil insulation may be minimum 0.35 mm thick if it is located where it is not
subjected to damage or displacement during factory assembly or user-servicing.

50.3 Picture-tube enclosure opening

50.3.1 To reduce the risk of injury that may result from implosion of a picture tube having a diameter of
7.5 cm or more, or equivalent face area, the projected area of any opening in the top, back, sides, or front
of the enclosfire onfo a plane perpendicular 10 a line passing through the center of the opgning and any
point on the dentral axis of the bulb section of the picture tube, shall not exceed 130 mm?3Unless the minor
dimension of|the projected area is not more than 10 mm. See Figure 50.1.

50.3.2 The uUse of a metal-cone picture tube and the presence of barriers arefe/be given [consideration
in applying 50.3.1.

50.4 Picturertube neck protection
50.4.1 A picture-tube neck, socket, and leads shall have an enclosufe or the equivalent that protects them

from mechanjcal damage from the top and sides.

Figure 501
Picture-tube enclosure opening
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50.5 Picture-tube implosion protection

50.5.1 A picture tube having integral implosion protection shall comply with the requirements in the
Standard for Mechanical Safety for Cathode Ray Tubes, UL 61965.

Exception No. 1: This requirement does not apply to a picture tube having a diameter of less than 7.5 cm,
or equivalent face area.

Exception No. 2: This requirement does not apply to a picture tube that is not directly viewed and is totally
enclosed, including the face, as described in 50.3.1.

50.5.2 An enclosure using a picture tube not having integral implosion protection and using a separate
window may pe subjected o an investigation fo determine thaf the window provides implosjon protection
equivalent to|that afforded by a picture tube having integral implosion protection.

50.6 High-voltage component

50.6.1 A part used for insulation or in contact with live parts of a component.in the high-yoltage circuit
and associated parts involving a potential of 2500 volts peak or more shalkcomply with the|following:

a) The part shall be of a material classified at least as those Shown in item 8 of Tdble 20.1 and
b) The part shall:

1) Comply with the Arcing Test, Section 147, or

2) Comply with the Component-Part Flame Test, Section 118.

50.6.2 In applying 50.6.1, a part is considered.acceptable if it complies with the Component-Part Flame
Test, Section[ 118, and a lead is considered acceptable if it has a flame-retardant rating (VYV-1).

50.7 High-voltage part
50.7.1 A high-voltage part that is\likely to be left in contact with accessible metal, a woodgn cabinet, or

a similar part| having a relatively,low level of insulation shall not involve risk of electric shogk with regard
to the chassi$ assembly or ground.
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51 Overload-Protective Device for High-Voltage Products

51.1 A product shall be provided with an overload-protective device connected as specified in 51.4 and
51.5. The protective device may be either an overcurrent type or an overtemperature type rated as
specified in 51.2 and 51.3.

Exception: A product powered by a direct plug-in transformer unit need not be provided with an
overload-protective device in the supply circuit of the transformer unit if the direct plug-in unit uses a
transformer that complies with the 7-hour abnormal temperature limits in the Standard for Transformers
and Motor Transformers for Use in Audio-, Radio-, and Television-Type Appliances, UL 1411. See 128.7.1
for the plug-in power-supply replacement marking requirement.

51.2 An ovefcurrent-proteciive device connected in the power-supply circuit shall have a furrent rating
not more thap the current rating of the power-supply cord.

51.3 An overtemperature-protective device connected in the power-supply circuitshall be rated so that it
opens the circuit within 4 minutes when four times the current normally drawn,by the prodlct is passed
through the qupply circuit.

51.4 The ovgrload-protective device required by 51.1 may be located in‘ene of the following:
a) Tie 120- or 240-volt supply circuit inside the product;

b) The attachment plug. See marking described in 128.5.1, 128.6.1, and 128.9.1 aphd in
131.4(14);

c) The 120- or 240-volt supply circuit inside a\direct plug-in power supply that utilizes a step-
dowr] isolating transformer of the low-voltage' secondary type, is provided with 15-ampere blade
configuration, and is intended to be used-on a nominal 120- or 240-volt branch circpit;

d) The isolating transformer of a-plug-in power supply if an additional protective device is
provifled in the low-voltage power'circuit inside the product and located as describgd in 51.5(b);
or

e) The 120- or 240-vott,supply circuit inside a separable, cord-connected power supply.

51.5 If the oyerload-protettive device is located in the supply circuit as described in 51.4(a), it shall be:
a) Alseparate jand distinct component that is replaceable by the user or service pefsonnel
withgut replacing other components. A protective device that is an integral part of gnother

component, for example, a power transformer, is not an acceptable means of complying with
51.1.

Exception No. 1: An automatically- or manually-reset protective device need not be replaceable
by the user or service personnel; however, a manually-reset protective device shall be resettable
by the user or service personnel.

Exception No. 2: A protective device built into the supply circuit or into an isolating transformer of
a plug-in power supply need not be replaceable by the user or service personnel. See 51.4 (c)
and (d).
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Exception No. 3: A protective device built into the supply circuit of a separable, cord-connected
power supply need not be replaceable by the user or service personnel if the enclosure is secured
in such a manner that it cannot be opened with ordinary tools. See 128.4.1 for replacement
marking.

Exception No. 4: A protective device built into the supply circuit of a product complying with the
construction described in the Exceptions to 129.1.1, 129.1.2, and 129.1.3 need not be replaceable
by the user or service personnel. See 130.1.7 for marking requirement.

b) Connected in the circuit to provide protection for all components in the product.
Exception No. 1: Components normally used to prevent RF radiation, such as the across-the-line

capafitor, Tine-by-pass capacitor, and the line-fo-chassis or line-fo-antenna resistor br capristor or
line ghoke need not be protected by the protective device.
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Exception No. 2: A component normally used to guard against transients coming into the product
through the supply circuit, such as a spark-gap device or varistor, need not be protected by the
protective device if it complies with the requirements for that component and is used in
accordance with its recognized rating and other limitations of use.

52 Double Protection for High-Voltage Products

52.1 Double protection shall be provided between parts of a product that are specified in 52.2 and 52.3
and circuits directly connected to the AC power supply that involve a risk of electric shock — See Electric
Shock, Section 12.

Exception No. 1: The requirement in 52.3 does not apply to a separate component— for example, a tuner

or a record ¢
see Combing

Exception Nd
use and pro
Continuity, S

Exception N(
enclosure an

52.2 Double
antennas. Fo

Exception N
protection.

Exception Nd
composite te

52.3 Double
conductive e

a) A

b) Located:

anger used in a combination unit but not located In the high voltage product
tion Units, Section 5.

. 2: This requirement does not apply to high-voltage products intended 6nly fq
ided with a grounding means in accordance with Grounding, Grounding Imj
bction 28.

. 3: The requirement in 52.3 does not apply to a separate component tha
1 that is intended for use with a high-voltage product as {part of a system.

protection shall be provided for antenna termifals, antenna connections,
b. 1: A 75-ohm, F-Type coaxial antenna«connector need not be providea
. 2: Antenna terminals, antenna cohnections, and integral antennas not inten

evision signals need not be provided with double protection.

protection shall be provided-for earphone and headphone jacks (see 52.5), ma
nclosure as defined in 3:31, and those user-control buttons, knobs, and shafts

ccessible withoutthe use of a tool and

1) QnJthe front, top, or sides of the high-voltage product enclosure or

2)”On the back of the enclosure so as to be easily adjusted while the user

Compartment,

r commercial
bedance, and

has its own

and integral

I the purpose of this requirement, a video inputjack is not considered to be ap antenna.

with double

Hed to accept

jor parts of a
that are:

is in front of

the—enctosureSucha controtisTonsidered 1o be easity adjustable by the

ser if the

shortest distance between the center of the face of the picture tube and the control is

1.0 m or less as measured over the top or around either side of the enclos
flexible tape measure stretched tightly over the surface of the enclosure.

ure with a
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52.4 If a high-voltage product is shipped from the factory with a separate 75-t0-300 ohm
coupling-transformer assembly, the 300-ohm terminals of this assembly shall be provided with double
protection when the assembly is connected to the high-voltage product.

52.5 An accessory jack on a high voltage product that also has an earphone or headphone jack shall
have double protection provided for the accessory jack if it is located on the same surface of the enclosure
— top, front, sides, or back — as the earphone or headphone jack and is similar in construction so as to
mechanically and electrically accommodate the earphone or headphone plug.

52.6 Double

protection shall be provided by the use of:

a) Two independent levels of insulation or two isolating components or two insulating systems,

examn
the Id
shoc

b) O

are ipdicated by an X in Table 52.2. See Example No. 2 of 52.7.

52.7 Double
components,
examples:

Example No.

transformer @&s one level and a capristor as a second level would comply with 52.8(a)

however, it ig
insulation on
second systg
leads of the (
52.8(d) or arg

Example No
audio-output
insulation wo
contact the d
the lead insu

ples of which are indicated by an X In Table 52.7, used so thaf breakdown of
vels of insulation or isolating components or systems will not result in a risk0
to ground. See Example No. 1 of 52.7 or

he level of insulation or one isolating component or insulating system, exampls

protection shall be considered with regard to all supply-circuit conne
component leads, a direct-connected chassis, and the(like, as illustrated in

1: Antenna terminals that are isolated from the supply circuit by means of an is

also necessary that the antenna leads be.jnsulated from the supply circuit by
the antenna leads — one system of insulation — and by the insulation on the s
m of insulation — if physical contactbetween the two leads is possible. Add
bapristor are to be provided with wire insulation, sleeving, tape, or tubing in ac
to be routed and secured so ascte provide the minimum 1.5-mm spacing requii

2: An earphone jack that is isolated from a direct-connected chassis by
transformer that complies with the requirements in this standard as the
Lld comply with 52.9(e); however, if the secondary leads of the audio-output trg
rect-connected chassis, a second system of insulation is to be provided for theg
ation complies{wjth the requirements in 52.9(g).

either one of
f electric

bs of which

pcted wiring,
the following

olating power
and 52.8(b);
means of the
Lpply leads —
tionally, bare
tordance with
ed by 52.8(f).

means of an
only level of
nsformer can
leads unless
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Table 52.1
Double protection using two components or systems
Item specified in 52.8 likely to be used
Part
Wire insulation
insulation, and per-
Isolating | Capacitor sleeving, for-
trans- or Com- tape, or | Barrier or mance
former, | capristor, ponent, tubing, insulation, | Spacing, tests, Equivalent,
Parts Type 52.82 52.8° 52.8° 52.8¢ 52.8° 52.8f 52.89 52.8"
Integral UHF and X X X X X X X
antennas VHE
and 7K-ohm Exempt
antenna cbaxial
connections | connector
Earphone All X X X X X X
jacks
Control Ipsulating X X X xb.c X
button® Ihsulating X X X bed X
R X 1y
ith
cpnductive
plating
Gonductive X X X X
Control Ipsulating X X X b.c X
X )
knob
Insulating X X X b.c.d X
X X 1’y
ith
cpnductive
plating
Gonductive X X X xb:C ankd X
either e |f,
org
Control Ipsulating X X X xb.c.h X
shaft® ;
Qonductive X X X xb.C anks X
either i dr j
Conductive | Major parts X X X X X X
enclosurek
ana noncaptive|button, knaob,)or shaft is acceptable for only one level. For example, two concentric noncaptive krjobs mounted
on the same sHaft are ngt'eonsidered to comply with 52.8.
b Capable of wjthstanding the 14 N pull test described in 98.4.1 before and after the complete product has been|subjected to
the temperaturg stability test required by 98.2.1.
C Capable of wlthstanding the 90 N pressure test described in 98.5.1 before and after the complete product has been subjected

to the temperature stability test required by 98.2.1.

d Having a minimum spacing of 1.5 mm between the plating and the nearest conductive part to which the button or knob is
mounted.

e Having an insert of insulating material with a thickness of not less than 0.70 mm.
f Mounted on a conductive shaft reliably covered with insulating material as described in note e.
9 Mounted on a conductive shaft having an inaccessible shaft coupling as described in note j.

h Located so that any conductive parts at or near the control that would be made live by breakdown of the first level of
insulation or isolating component or system cannot be touched by the probes illustrated in Figures 18.1 and 18.2.

I'Reliably covered with insulating material having a thickness of not less than 0.70 mm. The form-fitted insulator may, at the
manufacturer’s option, be provided with a hole at the end of the insulator to allow for dielectric voltage-withstand testing of the
other insulation further back on the shaft. This hole is not to exceed 1.5 mm in diameter.

Table 52.1 Continued on Next Page
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Parts

Type

Table 52.1 Continued
Item specified in 52.8 likely to be used
Wire
insulation,
Isolating | Capacitor sleeving,
trans- or Com- tape, or | Barrier or
former, | capristor, ponent, tubing, insulation, | Spacing,
52,83 52.8P 52.8C 52.8d 52.88 52.8f

Part
insulation
and per-
for-
mance
tests,

52.89

Equivalent,

52.8h

) Having an inaccessible shaft coupling of insulating material having a thickness of not less than 0.35 mm, and having a spacing
of not less than 1.5 mm over surface of the material and through air between the conductive parts of the shaft.

K An insulating = - ire is not
acceptable as feliable insulation unless it has been investigated and found to be acceptable as insulation.
Table 52.2
Double protection using one component or system
Item specified in 52.9 likely to be used
Isolating Parlt
power insulation
trans- | Isolating ang
former output Wire Barrier perfor-
coil or trans- Compo- insu- or mange Equiv-
Resistor, | winding, | former, nent, lation, |insulator,| Spacing, testp, alent,
Parts Type 5292 |529PCd| 529 529f |52:95299| 5290 52,91 52.9i 52.9K
Integral URIF and X X X X X X X
antennas | VHF
and 2 oh E
antenna 5'0_ m xempt
connections| copxial
copnector
Earphone | Al X X X X X X X
jack
Control Ingulating X X X X beclc‘e,f X
button?
Ingulating X X X X 0,c,d,¢.f,g X
with
cohductive|
plgting
Cqanductivg
Control Ingulating b.cH.f
X9,C,0,
knob
Insulating X X X X b,c,d.f,g X
. X0,C,d.T,
with
conductive]
plating
Conductivg X X X X x¢d and X
either h, i,
orj

Table 52.2 Continued on Next Page
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Table 52.2 Continued
Item specified in 52.9 likely to be used
Isolating Part
power insulation
trans- Isolating and
former output Wire Barrier perfor-
coil or trans- Compo- insu- or mance Equiv-
Resistor, | winding, | former, nent, lation, |insulator,| Spacing, tests, alent,
Parts Type 5292 |529PCd| 5298 52.9f [52.952.99( 52.9M 52,9 52,9l 52.9K
Control Insulating X X X X xb.c.d X
shaft? :
Cqnductivd X X X X xkyl|or X
m
Conductive | Mgjor X X X X X
n | pats
enclosure

@ Captivation d
of a button, knd
means of a but]

bpending upon setscrews, cement, sealing compound, and devices that depend upon friction to p
b, or shaft from the exterior of the enclosure are not acceptable. A construetion that requires the
on, knob, or shaft to be destroyed or damaged during servicing of the product is not acceptable.
thstanding the applicable pull test described in 98.4.1 or 98.4.2, depending on the protrusion lend
ected to the temperature stability test required by 98.2.1.

b Capable of W
after being sub
C Capable of w|
temperature stgbility test required by 98.2.1.

d Capable of wjthstanding the 90 N pressure test described in 98.5.1 before*and after the complete product has
to the temperature stability test required by 98.2.1.

e Capable of wjthstanding a 100,000-cycle endurance test without'developing openings larger than those specifig
requirements tq reduce the risk of fire and electric shock and without creating a risk of electric shock. The endur:
be conducted gt any convenient rate as it is a mechanical tesf only; the button contacts need not be electrically
the test. Followjng the endurance test, the dielectric voltage*withstand test described in note f is to be conducted
f Having a dielgctric voltage-withstand capability of 3500"olts, 60 Hz for 1 minute. The 3500-volt, 60-Hz potential
applied betweeh metal foil placed over the accessible part of the control button, the knob, or the shaft and the p4
risk of electric ghock. The foil is to be pressed against the sides of, and into the 6 openings around the control b
or the shaft by fneans of the probe illustratedsin Figure 18.1.

Exception: If thp control button, the knob, or the shaft has a thickness of 1.5 mm or more, and its construction is
maintain a spa¢ing of not less than 3.0.mm through air and over surface between accessible parts of the control

for spacings in|both the normal and thé depressed condition.

9 Having a spafing of not less than 3.0 mm between the plating and the conductive part to which the button or K
mounted.

h Mounted on 4 control ghaft of insulating material that has an inaccessible length of 3.0 mm. See Figure 52.1.

I Mounted on a|condugtive control shaft capable of withstanding the applicable pull test described in 98.4.1 or 98
upon the protrusion, length, before and after being subjected to the temperature stability test required by 98.2.1, 4

thstanding the impact specified in Table 98.1 before and afterthe complete product has been sulpjected to the

involving a risk|of electric shock, the’3500-volt dielectric voltage-withstand test may be waived. A control button i§ to be judged

event removal
captivating

th, before and

been subjected

d in the
hnce test may
onnected for

is to be
rt involving a
htton, the knob,

such that it will
and the part

nob is

4.2, depending
nd reliably

covered with inpulating material that:

a) Has a thickness of not less than 1.5 mm and
b) Has a dielectric voltage-withstand capability of 3500 volts, 60 Hz for 1 minute.

I Mounted on a conductive shaft capable of withstanding the applicable pull test described in 98.4.1 or 98.4.2, de
the protrusion length, before and after being subjected to the temperature stability test required by 98.2.1, and re
with two layers of insulating material:

a) Each of which has a minimum thickness of 0.70 mm and

specified in notes b — d, and f.

b) Having a dielectric voltage-withstand capability, across both layers taken together, of 3500 volts, 60 Hz for 1 minute.

k Covered with insulating material that has a thickness of not less than 1.5 mm and complies with the performance tests

pending upon
liably covered

Table 52.2 Continued on Next Page
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Table 52.2 Continued
Item specified in 52.9 likely to be used
Isolating Part
power insulation
trans- Isolating and
former output Wire Barrier perfor-
coil or trans- Compo- insu- or mance Equiv-
Resistor, | winding, | former, nent, lation, |insulator,| Spacing, tests, alent,
Parts Type 5292 |529PCd| 5298 52.9f [52.952.99( 52.9M 52,9 52,9l 52.9K

the performanc

M Having an in
through air and
specified in not

N An insulating
reliable insulati

toc b

bs b, ¢, and d.

I
p-tosts-spestied--rot

oy

and-d

pccessible shaft coupling of insulating material that has a thickness of not less than 1.5 mm;thas
over surface of at least 3.0 mm between conductive parts of the shaft; and complies with the per

covering— for example, nonconductive paint or leatherette — over a conductive englosure is not ag
bn unless it has been investigated and found to be acceptable as insulation.

I Covered with two layers of insulating material each of which has a thickness of not less than 0.70 mm and that comply with

B spacing
ormance tests

ceptable as
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Figure 52.1
Control shaft of insulating material
MINIMUM SPACING —= =~
OF 3.0 mm
(INACCESSIBLE LENGTH)
Py
\— ACCESSIBILITY
PROBE
CONTROL (SHAFT QF
INSULATING MATERIAL
T~ enciosure
LIVE METAL
BRACKET W, |
AND NUT-120V
SA[775A
52.8 Any twp components or systems that are..acceptable for the application may be usgd to provide

double prote
are describe(

a) A
or wi
- 71
or leg

tion. Examples of acceptable comiponents or systems that are considered like
in 52.8 (a) — (h) and are indicated by an X in Table 52.1.

N isolating power transformer (see Transformers, Section 38), audio output tran
hding. For a coil or winding operating at a peak voltage of more than 2500 vol
8.3. A coil or windingy such as a deflection yoke, operating at a peak voltage
s is acceptable, if it:

1) Is made of insulating material complying with the applicable requirem
20.1,

2) ,Complies with the spacing requirements in 52.8(f), and

ly to be used

sformer, caoil,
s, see 71.8.1
of 2500 volts

ents in Table

3) Complies with the dielectric voltage-withstand requirements in 71.6.1.

b) A capristor or a capacitor — see 39.1.1 and 39.2.1. For antenna circuits, a conductive path in

paral

lel with a capacitor is required by 43.1.

c) A component — switch, tuner, and the like — complying with the requirements for that
component.

d) Sl

eeving, tape, tubing, or wire insulation rated in accordance with 35.1.1.
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e) A barrier or insulator of insulating material complying with item 5 of Table 20.1, and having a
minimum thickness of 0.70 mm.

Exception: A barrier or insulator may have a minimum thickness of not less than 0.35 mm in
inaccessible locations where the barrier or insulator is protected against mechanical abuse during
factory assembly or servicing — for example, a barrier inside a UHF or VHF tuner housing. Two
separate 0.35-mm thick barriers or insulators are not considered acceptable to comply with the
intent of this requirement; the 0.35-mm thick barrier or insulator shall be used in conjunction with
some other acceptable level

f) A minimum spacing through air and over surface of insulating material of at least 1.5 mm where
the location and relative arrangement of parts are such that a permanent separation will be
mainfained — see 16.1.5.

g) Insulation and performance tests on the part itself as described in the applicable njotes to Table
52.1.

h) Any other level of insulation or isolating component or insulating system examingd and tested
accofding to the intent of the requirements and found to be substantially equivalent

52.9 Any on¢ component or system that is acceptable for the application may be used to pfovide double

protection. Examples of acceptable components or systems that.are considered likely to[be used are

described in p2.9 (a) — (k) and are indicated by an X in Table 52.2.
a) Alresistor:

1) Mounted so that the resistor, or part'of the resistive element, cannot be ghort-circuited

by displacement of the resistor, resistor leads, or any adjacent component ih accordance

with 16.1.5;

2) Having a power dissipation rating that will not be exceeded as a result of|any overload
condition; and

3) Located away«from all components that may overheat during any overlgad condition.
b) An isolating powgr transformer:
1) Complying with the requirements in Transformers, Section 38;

2)“Having integral leads complying with 52.9(g); and

3)Having—a diefectric vottage-withstand—capabitity of 3500~ votts, 60—z for 1 minute
across the insulation providing double protection. Depending upon the construction used,
the dielectric voltage-withstand potential may need to be applied between only one
insulation system of the transformer; for example, the primary winding and secondary
winding, or the primary winding and core, or the secondary winding and core; or it may
need to be applied across two or all three of the insulation systems of the transformer.

¢) A coil or winding, such as a deflection yoke, operating at a peak voltage of more than 2500
volts and complying with the requirements in 71.8.1 — 71.8.3;
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d) A coil or winding, such as a deflection yoke, operating at a peak voltage of 2500 volts or less

and:

1) Made of insulating material complying with the applicable requirements i

2) Complying with the spacing requirements in 52.9(i), and

n Table 20.1,

3) Complying with the dielectric voltage-withstand requirements in 71.6.1 except the test

potential is to be a minimum of 3500 volts AC.

e) An isolating output transformer:

fy A
for th

9) W

consfructions:

i) A minimum spating through air and over surface of insulating material of at least 3

the |
main

i) Ing

T) Complying with the requirements in this standard and

2) Having a dielectric voltage-withstand capability of 3500 volts, 680 Hz
across the insulation providing double protection. See 52.9(b)(3).

component — switch, tuner, or the like — that, in addition to complying with the
at component, has been investigated for compliance with dolible-protection re

ire insulation rated in accordance with 35.1.1 and)having either of t
1) Two separate layers of insulation having-a, total thickness of not less t
neither layer of which has a thickness of less than 0.18 mm or
2) A single layer of insulation having ‘a‘thickness of not less than 0.70 mm

barrier or insulator of insulating material:

1) Having a thickness of\not‘less than 1.5 mm;

2) Complying with 5%f Table 20.1; and

3) Having a dielectric voltage-withstand capability of 3500 volts, 60 Hz for
bcation and-relative arrangement of parts are such that a permanent sepa

ained. See 16.1.5.

ulation and performance tests on the part itself as described in the applicable 1

for 1 minute
requirements
Huirements.

he following

an 0.65 mm,

1 minute

.0 mm where
ration will be

otes to Table

52.2.

k) Any other level of insulation or isolating component or insulating system examined and tested
according to the intent of the requirements and found to be substantially equivalent.

VIDEO PRODUCTS INTENDED FOR USE IN HEALTH-CARE FACILITIES

53 General

53.1 In addition to complying with all other applicable requirements in this standard, a video product
intended for use in health-care facilities shall comply with the requirements in Sections 54 — 62 and 120

—124.
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54 Cords and Plugs
54.1 Attachment plug

54.1.1 Unless double insulation is provided, a product intended for use in a health-care facility shall be
provided with a conventional, 2-blade with grounding-pin attachment plug designated "Hospital Grade.”

54.2 Flexible cord

54.2.1 The flexible cord shall be Type SJ, SJO, SJT, SJTO, or an equivalent jacketed cord. An
oil-resistant cord shall be provided if the product is likely to be subjected to grease or oil. It shall be of a
type intended for use at a voltage not less than the rated voltage of the product and shall have an
ampacity not[less than the current rafing of the product.

54.3 Supply|cord length

54.3.1 The Igngth of the supply cord, measured from the point where the cord emerges fron the product
enclosure to fhe plane of the face of the attachment plug, shall not be less than 1.5 m.

Exception: A product that is intended for use in a health-care facility and‘that is not intended to be moved
in the expected use of the product, but which is not obviously intended.{o be permanently copnected, may
be acceptable if provided with the shortest feasible length of Type{SJO, SJT, SJTO, or equivalent cord
and an attaghment plug for supply connection. The investigation of such a feature fs to include
consideration of the utility of the product and the necessity ofshaving it readily detachable from its source
of supply by means of the attachment plug.

55 Grounding
55.1 Produdt grounding

55.1.1 All prpducts shall be provided with_a” means for grounding as described in this Section and in
Grounding, Grounding Impedance, and Continuity, Section 28.

Exception: A product identified as being double insulated and having no accessible condugtive surfaces
shall not be provided with a grounding means.

55.1.2 An agcessible conductive surface is not intended to include metal nameplates or handles, isolated
metal frame |of cabinegls, or isolated screws or other hardware that are fastened into [polymeric or
otherwise nopconductive enclosures.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

96 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 MAY 17, 2019

55.2 Double insulation

55.2.1 A product identified as being double insulated and having accessible conductive surfaces shall
have a means for grounding such surfaces provided as part of the power-supply cord, or by a separate
terminal consisting of a pressure-wire connector or wire-binding screw. The pressure-wire connector or
wire-binding screw shall be capable of securing a 10 AWG (5.3 mm?) or smaller grounding conductor.

55.2.2 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal, slotted, or both. A pressure-wire connector intended for
connection of such a conductor shall be plainly identified such as by being marked "G,” “GR,” “Ground,”
”Grounding,” or the like, or by a marking on a wiring diagram provided on the product. The wire-binding
screw or pressure-wire connector shall be located so that it is unlikely to be removed during normal

servicing of t

e product.

55.3 Accesgible conductive parts

55.3.1 For &
likely to beco
contact durin
the groundin
power-supply

55.4 Isolateq

55.4.1 A grg
surfaces that
surfaces by g
pressure-wirg
smaller grour

55.5 Groung

55.5.1 The s
without one
of the produc
any servicing
connection s
connected to

product not identified as being double-insulated, all accessible \cenductive parts that are

Ime energized from within and all dead-metal parts within the enclosure that a
) any user-servicing operation and that are likely to become energized shall be
j means that shall be a part of the flexible cord and attachment plug, or th
cord.

i, accessible conductive parts

unded product and its auxiliary equipmentalso having isolated accessibl
are not likely to become energized from within shall have provision for the grou
separate terminal consisting of either a pressure-wire connector or wire-bindir]
connector or wire-binding screw shall be capable of securing a 10 AWG
ding conductor. See also 55.2.1.

ing conductor

urface of the insulation ‘on’ the grounding conductor of a flexible cord shall be
r more yellow stripes. The grounding conductor shall be secured to the frame
t that is intended to,be grounded by means of a screw that is not likely to be re
operation not jnvolving the power-supply cord, or by other equivalent means.
nall not be used for securing the grounding conductor. The grounding condy
the grounding blade or equivalent, fixed contacting member of an attachment

e exposed to
connected to
e detachable

e conductive
nding of such
g screw. The
5.3 mm?) or

green with or
or enclosure
moved during
A solder-only
ctor shall be

plug.
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56 Separation of Circuits

56.1 Parts touched by patient

56.1.1 Where one or more electrical insulation breakdowns between adjacent conductive parts — wires,
terminals, structural metal, and the like — of a product results in available leakage current in excess of the
limits outlined in 120.1, the construction shall comply with at least one of the following:

a) For insulated conductive parts, each insulation used shall be acceptable for the maximum
voltage possible— for example, the highest voltage on a part with regard to ground or with
regard to any accessible, conductive part either with or without the introduction of any random
breakdown of an insulation involved. A spacing over surface or through air between parts that is

not Igss Than 1.5 mm for poienfials of 125 V rms, or not [ess than 2.4 mm for poien
— 250 V rms, may be used in place of a single insulation.

b) F
requi

c) If
solid
suffid
the ¢
insul
that

56.1.2 In e\
accordance V|
operation, ov|

br two uninsulated conductive parts a spacing between parts that is not less th
Fed in (a) may be used.

hot insulated or spaced apart as (a) or (b), the parts shall be’separated by me
insulating (unpierced) barrier, permanently secured in place;-properly located,
ent integrity that the barrier is acceptable as a supplemént to conductor insula
hse of a barrier between two uninsulated parts, satisfi€s the requirements for
tion thereby affording a degree of protection agaifist-the risk of electric shock
fforded by double insulation.

aluating the required separation of the.fpatient-touched parts from intern
ith 56.1.1, consideration shall be given to.the effects of deterioration of insulat
erload, short-circuit, or component-breakdown conditions.

tials of 126

an twice that

ans of a

and of

ition, or in
einforced
equivalent to

Al circuits in
on, abnormal
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56.1.3 The patient-touched parts mentioned in 56.1.1 and 56.1.2 are those parts that are likely to be
contacted by the patient while the patient is in bed — for example, a pillow speaker or pendant control for
a product that might be taken into the bed and operated by the patient, or a product that might be placed
near or above the bed and operated by the patient.

57 Pendant Controls
57.1 Pendant-control enclosure

57.1.1 In a pendant control intended for patient use, current-carrying parts that involve a risk of fire or
leakage current exceeding the limits specified in 120.1 shall be totally enclosed in an insulating material.
The insulating material shall withstand the drop test specified in 124.4.1 and have a flammability
classification [of V-1 or befter as described in the Standard Tor Tests for Flammability of Pldstic Materials
for Parts in Pevices and Appliances, UL 94. This requirement does not apply to thesopgnings of the
enclosure that accommodate functional devices such as switches, speakers, and eontrol-gwitch knobs.
The enclosufe shall be marked to caution the user against using the productdn an oxygen-enriched
atmosphere Uinless it has been investigated and found acceptable for that use.'See 138.2.[1 for marking
information.

57.2 Pendant-control cord strain relief

57.2.1 A perjdant control cord shall be provided with strain relief at‘€ach end; for example, at the point of
connection tq the control and to the plug.

57.3 Holder$ and hooks
57.3.1 A hodgk or holder shall be provided on the plate*to which the pendant control is connected for its
support when not in use. An equivalent supportingiarrangement shall also be acceptable.| The hook or
holder shall Be located on the outside of the bed:

58 Switched

58.1 Any switch connected in the supply circuit and used as the on-off device shall open all[supply circuit
conductors s|multaneously.

58.2 The eqtyiipment grounding“conductor shall not be interrupted by a switch.

58.3 The onjoff positiens of the switch shall be clearly indicated.
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59 Transformers

59.1 A transformer connected in the primary circuit intended to supply energy to the low-voltage pendant
control shall comply with the requirements for transformers for use with hospital-product pendant controls
in theStandard for Transformers and Motor Transformers for Use in Audio-, Radio-, and Television-Type
Appliances, UL 1411. The transformer core shall be grounded.

Exception No. 1: This requirement does not apply to two isolating transformers connected in series, where
the primary winding of the second transformer is connected to the secondary winding of the first
transformer. The core of the second transformer shall not be grounded. The first transformer shall comply
with 38.1.1, and the second transformer’s insulation system need only comply with the construction
requirements in UL 1411.

Exception Nd. 2: The transformer core need not be grounded if the insulation between the primary winding
and the secqndary windings consists of basic and supplementary or of reinforcedsinsulation and if the
transformer qore is electrically isolated from all secondary windings, secondary circtits, and conductive
parts connecfed to secondary circuits (such as heat sinks and the like).

60 Productg Having Signaling and Nurse-Call Feature

60.1 A signaling and nurse-call feature, if provided, shall comply with(the applicable requirements in the
Standard for Hospital Signaling and Nurse Call Equipment, UL 1069.

61 Wheels gnd Casters

61.1 The wheels or casters on a product or on a cart.infended for use with a specific prodyict shall have
a minimum djameter of 10 cm.

62 Cleaning| and Disinfecting
62.1 General

62.1.1 A product shall be constructed)so that it can be cleaned or disinfected in accord@nce with the
manufacturerfs instructions (see +139.1) without increasing the risk of fire, electric shocK, or injury to
persons.
62.1.2 Unless it is obviousS:that the enclosure’s construction and materials are acceptable fof the cleaning

and disinfecting operation: called for, a sample of the product shall be subjected to the tes{ described in
124.1.1.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

MAY 17, 2019 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 97

62.2 Entry of spilled materials

62.2.1 Except for a wall- or ceiling-mounted type, a product shall be constructed to prevent the entry of
spilled materials (for example, saline solutions, volatile liquids, and the like) that could result in a risk of
fire or electric shock by coming into contact with live parts or parts operating at elevated temperatures.

62.2.2 To comply with the requirement specified in 62.2.1, there shall not be an opening in any
nonvertical surface (top, sloping, and the like) unless the opening is protected by a barrier that prevents
the entrance of a liquid that might fall on the area in question from a vertical direction.
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PERFORMANCE

ALL PRODUCTS

63 General

63.1 Details

63.1.1 Unless stated otherwise, values of voltage and current are root-mean-square (rms) values.

63.1.2 A product having both AC and DC ratings is to be tested with the product connected to an AC
supply and again to a DC supply.

Exception: When it can be established that one type of supply connection resultsnNn-the maximum
operating comditions, the product can be tested with that type of supply.
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63.2 Voltmeters

63.2.1 Unless indicated otherwise, voltage measurements are to be made with a voltmeter having a
resistance of 2000 ohms per volt minimum for potentials of 1000 V or less and 20,000 ohms per volt
minimum for potentials of more than 1000 V.

63.2.2 The open-circuit-voltage measurement used in conjunction with a leakage- or shock-current
determination is to be made with a measuring instrument that has an input impedance that does not
significantly affect the circuit being measured. In general, a measuring instrument with a minimum input

impedance of 1 megohm is to be used.

63.3 Leads,

connectors, and components

63.3.1 When
operation or

63.4 Cheese
63.4.1 Chee
and having W
threads in on
63.4.2 Tests
63.5 Supply|

63.5.1 All op
frequency an

63.5.2 A pro
and the like,

63.5.3 Table
domestic suj
intended for

63.5.4 Prody

testing the complete product, a lead, connector, or component that is accessi
Iser-servicing of the product is to be:

its intended position and

any position likely after user-servicing.
cloth indicators

becloth used for tests is to be untreated cotton rurihing 26 — 28 square meters
hat is known to the trade as a count of 13 by~11"— that is, for any square ¢
e direction and 11 threads in the other direction’

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

-circuit voltage and frequency

erational tests are to be conducted with the product connected to a supply ¢
0 the voltage specified in-Table 63.1.

juct that can be operated from alternate power supplies, such as DC adapters,
s to be tested with,those supplies if such testing is considered necessary.

63.1 indicates the various test voltages for products intended for use on
ply circuifs->It is not intended to provide the test voltages for multiple-volt
bperation on other types of supply circuits such as those found in foreign coun

cts\for use on other than a standard domestic supply circuit are to be tested i

ble during the

per kilogram
entimeter, 13

rcuit of rated

car batteries,

the standard
hge products
tries.

N accordance

with Table 631, withthefottowing modificationsNormat-operation tests—are to be cord

ted with the

test-voltage indicated on the product or in the instruction manual for the particular voltage-selector-switch
setting. Abnormal operation tests are to be conducted with the test-voltage supply adjusted to 110 percent
of the maximum voltage indicated on the product or in the instruction manual for the particular
voltage-selector-switch setting. All tests are to be conducted with the voltage-selector-switch setting and
associated test voltage that represents the worst-case condition.

63.5.5 A product with one supply-circuit-frequency rating is to be tested at that frequency. A product with
a multiple-frequency rating is to be tested at 60 Hz, if 60 Hz is included in the rating, and may also be
tested at any of the other frequency ratings unless it can be established that testing at 60 Hz results in the
maximum operating conditions.
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Table 63.1
Operation test voltages
Section Test Marked voltage rating Test voltages
Normal operation tests
64 Power input 105 - 130 Maximum marked voltage, but not less
than 120 V
65 Peak inrush current or or
67 Product-leakage and shock-current 210 — 260 Maximum marked voltage, but not less
than 240 V
68 Temperature
69 Maximum voltage measurement®
109 Electric shock
113 Ozone
114 Ultraviolet radiation
116 X-radiation 105 — 130 130P.C
or or
210 - 260 260P:C
Abnormal operation tests
76 Receptacle overload
77 Power supply
78 Picture-tube filament short-circuit
81 Part disconnection and component 105 - 130 130P:C
handling arcing
82 Cable arcing of' or
88 Battery overcharge 21022 260 260P:C
115 Abnormal operation
117 Arcing
98 Enclosure temperature stability 105 - 130 130b
or or
210 — 260 260P
& |n determininfy the acceptability of insulated-high-voltage conductors, voltages are to be measured with the profluct connected
to a 130-volt squrce of supply (260 volts for aproduct rated at a nominal 240 volts) and with all controls adjusted to give the
maximum voltage possible with a useable, picture or output.
b Fora produc{ intended to be operatediat more than one given voltage, the test voltage is to be 130 V for the Ipwer voltage,
and 110 percent of the higher voltage;“but not less than 240 V nor more than 260 V.
C The test voltg ge may be reduced to a lower value, but not less than 105 or 210 V, respectively. The lower testjvoltage value
may be used fqr abnormal.opeération tests where the lower value represents a more severe condition or in cases{where a
higher voltage might cause,a protective device to clear the circuit.

64 Power Inrut Test

64.1 The measured power input shall not exceed the marked input rating by more than 5 percent when
the product is operated as indicated in 64.2 — 64.5 to produce maximum power input, or power input as
indicated in 64.3(h)(4), whichever applies.
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64.2 A product with multiple modes of operation, multiple signal input sources, or both, is to be operated
using each mode of operation or signal input source separately, or in combination, according to the
manufacturer’s instructions to produce the maximum power input.

64.3 The power-input measurements are to be made under the following conditions:

a) Positions and Use — The product is to be connected, operated, and mounted according to
the manufacturer’s instructions.

b) Operating Controls — User controls are to be adjusted within the range of intended operation.
For products with amplification circuits, tone controls, filters, and wave-shaping controls are to
be set in the mid-range positions. The volume control is to be adjusted so as to produce
maxifum amplifier output [See (g) and (h)]. It there is more than one amplitier circyit, each
amplffier is to be adjusted to produce maximum output simultaneously even if not-gqual.
Supp|ly-circuit voltage-setting devices are to be set according to the manufagturer’s|instructions.

c) Factory Controls — Factory-set controls that are not intended to be user adjustaljle are not to
be rdadjusted from their factory setting.

d) Mptors and Motor Drive Parts — Motors and motor-driven parts-of the product are to be
loadgd according to the intended purpose. When testing inyolves motor-driven parts, other parts
of the product that are intended to be operated at the samg time are to remain conpected.

e) Agcessories — A product with an output connection.intended to supply voltage and current to
an agcessory is to have the intended accessory:

1) Connected according to the manufacturer’s instructions unless power cqnsumption is
greater with the accessory not connected and

2) Operated in such a way.asyto produce maximum power input to the profluct. A
simulated load consuming(power equivalent to the accessory may be used|in place of
the accessory.

f) Addio Output Circuit Leading — An audio-amplifying circuit intended to supply auglio-signal
voltage and current tora speaker is to have its output load adjusted according to orle of the
following:

1) If tHe-product is provided with either internally or externally connected speakers,
those speakers may be used as the load. Where the speaker action is not critical to
proper loading or cooling of the product, demagnetized speakers may be uged for this
purpose;

2) If the product is provided with either internally or externally connected speakers, an
audio load of equal impedance may be substituted for each speaker or assembly of
speakers;

3) If the product is not provided with speakers but the speaker impedance rating is
marked on the product, an audio load of impedance equal to that marked on the
product is to be connected to the product output terminals according to the
manufacturer’s instructions; or
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4) If the product is not provided with speakers and there is no speaker impedance rating
marked on the product, an audio load that results in the highest audio output power per
channel of amplification is to be connected to the product output terminals according to
the manufacturer’s instructions.

The audio load connected to each product is to be essentially resistive with not more than a
10-percent reactive component at any frequency up to 5 kHz. The audio load is to be capable of
continuously dissipating the full output of the product while maintaining the resistance within 1
percent of its rated value.

g) Signal Level Not Affecting Power Input — A product need not be connected to an external input
signal if the supply-circuit input power or current is not noticeably affected by signal level.

h) S
input
follov

gnal Level Affecting Power Input — A product provided with circuits wheretfie
power or current is noticeably affected by signal level is to be connected 3
s:

1) Audio Signal Level — The product is to be connected as illustrated in Fig

i) A 1000-Hz sinusoidal signal is to be applied te' the first audio s

preamplifier or amplifier circuit.

Exception: A sinusoidal signal of the geometric mean frequency)

and lower frequency limits of the circuit under test may be used ii

has a limited bandwidth (for example, less than nominal 20 Hz —
geometric mean frequency is_equal to the square root of the prod
frequency limit and the high>frequency limit. The frequency li
specified by the manufacturer.

ii) If the power delivered to the audio loads depends on the pha
between signals,the input signals are to be 90 degrees out of phas

iii) If the power delivered to the audio loads depends on a s

supply-circuit
nd tested as

ure 64.1.

tage of each
of the upper
the amplifier
20 kHz). The

ct of the low
mits may be

se difference
be.

pecial signal

encodingamethod to activate amplifier circuits, the input signals are to be

appropriately encoded so as to produce maximum undistorted

powerat all loads. As an alternative to this method, a separate audi
may-be injected at an appropriate point in each amplifier circuit so

the same results.

audio output
o input signal
as to achieve

iv) After a 15-minute warmup period, the signal input level and
operating controls are to be adjusted to produce one-eighth of t

the product
€ maximum,
er is greater.

The maximum, available, undistorted, sine wave output power is considered to be
the maximum attainable with no evidence of clipping or flattening of the sine wave

as determined by viewing the waveform on an oscilloscope. If there

is a question

about clipping or flattening of the output sine wave, a distortion analyzer may be
used to measure the total harmonic distortion (THD) present in the waveform.

The THD is not to be greater than 1 percent.
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2) Video Signal Level

i) A National Television System Committee (NTSC) television receiver is to be

operated on-channel. The input signal is to be a composite, consis

ting of an RF

carrier modulated with a standard NTSC split field color bar pattern, applied at

the antenna input connection of the product. The top half of the co

lor bar

pattern is to consist of fully saturated 75 percent color bars and the lower half is
to consist of I, Q and 100 percent white bars. The signal shall have a strength

of approximately 10 mV.

i) An NTSC monitor or television receiver with a video input connection is to be
operated with a video input signal, consisting of a standard NTSC split-field,

color-bar pattern, applied at the input connector of the product. Lhe

top half of

the color-bar pattern is to consist of fully saturated, 75 percent eolgr bars and

the lower half is to consist of I, Q and 100 percent white bars:The
have a strength of approximately 1 V peak-to-peak.

signal shall

iii) Television receivers or monitors that use a different’system, sugh as High
Definition Television (HDTV), are to be operated with the appropriate signal that

produces the maximum supply current input pewer.

64.4 When measuring the power input, increases in power having.a duration of 5 seconds
be discountedl if the power increase does not occur more often’thah once a minute. Such increases may
result from momentary operation of a motor, mechanical cycling of parts, or the like.

or less are to

64.5 If an overload protection device opens during thepower input test, the protective device is to be
short-circuitefl when making the measurement.

65 Peak Inriish Current Test

65.1 Generadl

65.1.1 The peak value of inrush curtent controlled by contacts of a product supply-circuit

or relay shall

not exceed the switch' or relay current rating in amperes, rms, times 1.414.

control switch

Exception Np. 1: A switch~having a TV rating as described in 36.10.4 need not conyply with this

requirement.

Exception NQ. 2: A rélay that has a TV rating or that has been tested for 25,000 cycles of gperation with
a tungsten Ipad equal to or exceeding the load controlled by the relay need not comply with this

requirement.

See83.1.
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Figure 64.1
Typical input-power and input-current test circuit for an audio amplifier circuit
SINEWAVE
/ GENERATOR A A
UDIO LOAD
WATTMETER a /
BRANCH-CIRCUIT 1
SUPPLY Q
—y AUDIO o
CIRCUIT Y
-« UNDER TEST °
— ?*\—-AUDD LOAD
- L T
L 5 l o— |
\ | I (DI __— OSCILLOSCOPE
OLTMETER —wf
WATTMETER COIL Y
REVERSING SWITCH \
TOTAL HARMONIC
DISTORTION METER
S2302A
65.2 Test cifcuit
65.2.1 The groduct is to be connected to a 120-V, 60-Hz supply source calibrated to repfesent a 20-A
household branch circuit having a momentaty-1000-A, short-circuit current capability. For the purpose of
these requirements, a circuit having a maomentary 1000-A, short-circuit current capability is defined as one
complying with the requirements of the qualification tests described in 65.6.1 — 65.6.3.2.
65.2.2 The following devices are.te be part of the supply source defined in 65.2.1, as shoyn in the test
circuit illustrafed in Figure 65.1:
a) Alsingle-polesisingle-throw, bounce-free type switch. For example, a wiping-blade knife
switch and
b) A[0.02-6hm, high-frequency, current-viewing, resistive shunt complying with the
specifications given in Table 65.1.2

3The construction details of the 0.02-ohm shunt may be found in Appendix B.
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65.3 Product operating condition

65.3.1 The product controls and switches are to be adjusted as indicated in the Power Input Test, Section
64. The thermal state of the product is to maximize the magnitude of the inrush current.

65.4 Test procedure

65.4.1 The 120-V, 60-Hz test circuit to which the product has been connected is to be momentarily
energized by operating the test-circuit control switch asynchronously for 60 — 100 cycles of closure and
opening. The waveforms of these events are to be displayed on a storage oscilloscope connected across
the 0.02-ohm, high-frequency, current-viewing, resistive shunt.

Figure 65.1
Peak inrush-current measurement test circuit

20-AMPERE PLUG FUSE OR
EQUIVALENT PROTECTIVE DEVICE / SINGLE—-POLE, SINGLE - THROW,

FOR A BRANCH CIRCUIT BOUNCE-FREE TYPE SWITCH
o ‘/\/' I BRANCH-CIRCUIT
120-VOLT, 60-HERTZ SUPPLY SOURCE RECEPTACLE
CALIBRATED TO REPRESENT A 20-AMPERE
HOUSEHOLD BRANCH CIRCUIT HAVING A

MOMENTARY 1000-AMPERE SHORT—CIRCUIT 5
CURRENT CAPABILITY

=

APPLIANCE UNDER TEST

0—1/\/_|\/\|/l|

<—— BNG>CONNECTION

0.02-0HM HIGH-

FREQUENCY CURRENT- D ~— STORAGE
VIEWING RESISTIVE OSCILLOSCOPE
SHUNT

COAXIAL CABLE —/

SB1961 BNC CONNECTION

Table 65.1
Specifications for the high-frequency, current-viewing, resistive shunt used for measuring
product peak inrush-current

Parameter Specification Tolerance
Resistance 0.02 ohms +2.5 percent
plus 0; minus not specified

Rise time

30 nanoseconds?

2 |f a peak-to-peak pulse of any convenient value having a rise time of 30 nanoseconds or less is applied, there is not to be
discernible rise-time degradation of the applied waveform when viewed from the current-viewing connector.
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65.5 Calculation of peak inrush current

65.5.1 The peak inrush current is to be calculated according to the equation:

in which:

/

pIS

E.P is
view,

Rs is

65.5.2 The inrush current contributed by any product circuitry that S not controlled by the ¢

supply-circuit
the actual pe

65.5.3 When
visible due tq
component, s
follow the mg
each spike ig

65.6 Qualific
65.6.1 Gene
65.6.1.1 To

65.1.1 — 65.15
source in co|

following quajification-tests are satisfied:

a) S

he calculated peak inrush current of the product being tested;

the maximum value of voltage measured across the 0.02-ohm, high-frequenc}
g, resistive shunt as displayed by the storage oscilloscope; and

the exact resistance of the high-frequency, current-viewing, resistive shunt.

control switch is to be deducted from the calculatiof déscribed in 65.5.1 so as
bk inrush current controlled by the switch contactst

, current-

bntacts of the
to determine

observing the waveforms on the oscilloscepe, narrow, low-energy-content s
charging of stray wiring capacitance of(the load wiring or to circuit induct

in transient after switch closing and. @pening, are to be disregarded provided t
100 microseconds or less.

bation tests for peak inrush-current measuring circuit
al
be considered acceptable for use in the peak inrush-current measurements

.2, the supply ‘capability at the branch-circuit receptacle shown in Figure 65.
mbination Wwith all of the circuit elements depicted in that figure) shall be

atic\Load Regulation — The voltage measured at the receptacle shall not fall n

bikes may be
ce due to a

al
uch as a phonograph motor. These spikes, which may precede, follow, or bot}{precede and

e duration of

described in
1 (the supply
such that the

hore than 2.4

V fro

N the open-circuit value when loaded with a steady-state. 20.0-A rms resistive

load. The

test method and conditions are to comply with 65.6.2.1 and 65.6.2.2.

b) Dynamic Loading — The inrush current to the specified tungsten lamp test load shall achieve
a value of 80 £5 percent of the theoretical maximum inrush current which that tungsten lamp
load could produce if it were to be placed across a source of zero-source impedance. The
actual inrush current being produced is to be determined using the test methods and conditions
described in 65.6.3.1 and 65.6.3.2.
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65.6.2 Static load regulation

65.6.2.1 The static load regulation test evaluates the 60-Hz impedance of the supply source, including the
inrush-current test equipment, by a measurement of the voltage drop under steady-state load conditions.
Automatic voltage-regulation equipment in the supply source, which adjusts the supply voltage under load
conditions, is to be connected to the supply circuit during these evaluation tests. However, the automatic
voltage-control feature is to be disabled during the test in 65.6.2.2.

65.6.2.2 The open-circuit voltage at the supply receptacle of Figure 65.1 is to be adjusted to 120 V as
measured with a voltmeter that has an accuracy of +1 percent or better. For example, 120 V indicated on
a 150-V, full-scale voltmeter requires an instrument accuracy of 3/4 percent full scale, or better. A resistive
load is to be applied to the receptacle, and adjusted to 20.0 A rms as measured with an ammeter having
an accuracy ¢f 1 percent — or befter — at 20 A. The voltage across the recepiacle is 1o be_ measured with
the 20.0-A Idad applied, using the same instrument as for the open-circuit voltage measyirement. The
open-circuit Joltage is to be rechecked. The difference between the open-circuit and\oad yoltages is to
be calculated. Refer to 65.6.1.1(a).
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65.6.3 Dynamic loading

65.6.3.1 Prior to its use in the dynamic loading test, it is to be determined that the transient-current
measurement instrumentation, which consists of an oscilloscope and high-frequency shunt, is reading the
peak value of the 20.0-A rms, steady-state current used in the test in 65.6.2.2 within +5 percent.

65.6.3.2 The test load in Figure 65.2 is to be prepared using the shortest possible, direct wiring of
minimum 12 AWG (3.2 mm?) copper wire. This test circuit is to be connected to the supply receptacle of
Figure 65.1, and the receptacle voltage adjusted to 120 V using the voltmeter described in 65.6.2.2. The
open-circuit voltage, Voc, is to be recorded. The maximum theoretical peak inrush current is to be
calculated as Voc X 1.414/1.00. Lamp L is to be preheated by throwing switch S to position 1 briefly, then
back to position 2. The cooling resistance of lamp L is to be followed to 1.00 ohm with
resistance-mgasuring equipment. Tmmediafely upon reaching 1.00 ohm (typically reached Within 20 — 35
seconds aftef the last heat), switch S is to be rapidly transferred to position 1 brieflysagain, and then
returned to gosition 2. The peak value of voltage measured for lamp L, except for\the fjrst cold start
pre-heat cyclg, is to be recorded by the use of the oscilloscope and high-frequency shunt. Closure of the
1.00 ohm tungsten load across the receptacle is to be repeated for a minimum) of 60 — 00 cycles of
operation of . The value of the highest peak voltage measured during this séqUence is to e noted. The
highest peak|inrush current is to be calculated using the equation in 65.5.1 and then its perdentage of the
maximum thgoretical inrush current (determined by the equation above) ‘ealculated. Refer tp 65.6.1.1(b).

Figure 65.2
Load for dynamic loading test

S
1

Do
N

SA1956

S — Single-pole,|doublesthrow, bounce-free type switch (for example, wiping-blade knife switch) capable of rapid fransfer between
contacts.

L — No. 4 photoflood lamp, 1000 W at 120 V.

RM — Resistance-measurement equipment capable of accurately measuring 1.00 ohm (Wheatstone bridge, digital ohmmeter, or the
like).
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66 Grounding Path Test

66.1 The resistance or the impedance of the grounding path at 60 Hz shall not exceed 0.1 ohm when
measured from the grounding means of the product to the conductive part that is required to be grounded.
The resistance can be determined by any resistance-measuring equipment.

Exception: If a grounding-path resistance of more than 0.1 ohm is measured, the impedance is to be
determined by measuring the voltage when a current of 20 A derived from a 60-Hz source with a no-load
voltage not exceeding 12 V is passed between the product grounding means (point on the product where
the cord grounding conductor is attached) and the grounded conductive part. The impedance in ohms is
to be calculated by dividing the drop in potential in volts by the current in amperes passing between the
two points. The power-supply cord is to be excluded when this measurement is made.

67 Product-|.eakage and Shock-Current Test
67.1 General

67.1.1 All acpessible parts are to be tested for leakage current. All parts accessible during yiser-servicing

are to be tes
supply condu

67.1.2 Parts
hands of a p
be able to s
contacted sir

ted for shock current. The currents from these parts are tobe measured to
ctor individually as well as collectively where simultaneously-accessible.

are considered to be simultaneously accessible whenthey can be contacted b
brson at the same time. For the purpose of these réquirements, one hand is

multaneously contact parts that are within a 310 by 20 cm rectangle. Partg
hultaneously by a person having a reach of*2”m are considered to be touch

he grounded

y one or both
considered to
that can be
able by both

hands.
67.1.3 Leakgge or shock current refers to all currents, including capacitively coupled currents.

67.1.4 Unrel
short-circuite

able insulation such as that usually used between the points specified in (a)
] or open-circuited during the(test.

- (g) is to be

a) Between the voice coil and_the frame of a speaker,

b) Between live partsand the metal frame of a phonograph pick-up cartridge,
c) Bgtween the two channels of a stereophonic phonograph pick-up cartridge,

d) Between the plates of an adjustable or variable air-dielectric capacitor,

e) Between the heater and cathode elements of a vacuum tube,

f) Between any two adjacent elements of a vacuum tube, between the elements of an electrolytic
capacitor, and

g) Between the elements of a solid-state component (diode, transistor, integrated circuit, and the
like).

Exception: A solid-state component (diode, transistor, integrated circuit, and the like) that has
been found reliable to not malfunction in such a mode as to result in a risk of electric shock need
not be shorted or open-circuited during the test.
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67.1.5 Current measurements are to be made with any operating control or adjustable control that is
considered subject to user operation in all possible positions of contact and either with or without tubes,
separable connectors, and similar devices in place.

67.2 Product leakage current
67.2.1 The leakage current shall not be more than that specified in 12.1.1 (Product leakage current).
67.2.2 The measurement circuit for the product leakage-current test is to be as shown in Figure 67.1. The

ideal measurement instrument is defined in (a) — (d). The meter that is actually to be used for a
measurement need only indicate the same numerical value for the particular measurement as would the

ideal instrument. The meter used need not have all of the attributes of the ideal instrument.

a) TI|1e meter is to have an input impedance of 1500 ohms resistive shunted by a*¢|

0.15

b) The meter is to indicate 1.11 times the average of the full-wave rectified compos

of vo

c) O
respq
of a
millial

d)y U
mete

67.2.3 A sar
switches clog
the product n
temperature.
120 (or 240)
is to be as fo

F;

tage across the resistor or current through the resistor;

ber a frequency range of 0 — 100 kHz, the measurement eircuitry is to havg
nse (a ratio of indicated to actual value of current) that,istéqual to the ratio of
1500-ohm resistor shunted by a 0.15 pyF capacitor-tel 1500 ohms. At an ind
mpere, the measurement is to have an error of ngb more than 5 percent at 60

hless the meter is being used to measure cufrent from one part of a product tq
I is to be connected between the accessiblé’parts and the grounded supply cq

nple of the product is to be tested-starting with the as-received condition

ed, but with its grounding conductor,”if any, open. The as-received condition
ot being energized for a minimum, of 48 hours prior to the test, and with the pr
The supply voltage is to be the maximum voltage marked on the product, but
V. See Table 63.1. The test’sequence, with regard to the measuring circuit in
lows:

a)

conngction, the currentis to be measured using both positions of switch S2 and with
devides in the product in all of their operating positions.

b) Syitch S{ s then to be closed, energizing the product, and immediately afte
switch, the~current is to be measured using both positions of switch S2, and with
devides in“the product in all of their operating positions.

ith switch S1 open; the product is to be connected to the measuring circuit. Imnj

apacitance of

ite waveform

a frequency
e impedance
cation of 0.5
Hz; and

another, the
nductor.

ith all of its
is defined as
pduct at room
not less than
Figure 67.1,

ediately after
the switching

r closing the
the switching

c) The current measurements of (a) and (b) are to be repeated after thermal stabilization of the
product.

67.3 Electric shock at audio output circuit terminations

67.3.1 The audio output potential of an amplifier circuit having provision for connection of an external
speaker or speakers shall be 100 V open circuit or less when tested as described in 67.3.2.

Exception:
- 35.11.6.

This requirement does not apply to a product that complies with the requirements in 35.11.2
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Figure 67.1
Leakage-current measurment circuit

PRODUCT METER

KZZZZZZ:EE;__ INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B

LC100

NOTE - Produc{ intended for connection to 120-V supply.

PRODUCT METER

-
120V

240V =2

120V
-

S1 ;::::::;Ei INSULATING
TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200

NOTE - Product intended for connection to a three-wire, grounded neutral power supply as illustrated above.
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of product to another.
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67.3.2 A variable-frequency signal generator is to be connected to the input terminals and a matched load
impedance connected across the output terminals. The input-signal voltage is to be adjusted to such a
value that maximum, available, undistorted, sine-wave power is delivered to the load. The output circuit is
then to be opened and the potential across the output terminals measured. The test is to be repeated over
the range from 60 to 100 Hz in steps of 10 Hz by adjustment of the signal generator.

67.4 Electric shock at an audio output circuit under fault conditions
67.4.1 The voltage between:

a) Any accessible conductive part (see 18.1.2) of the audio-output circuit of an amplifier and
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b) Any other accessible conductive part (including earth ground or another accessible
conductive part of the audio-output circuit)

shall not exceed 60 V peak for potentials that do not reverse in polarity or 60 V peak and 84.8 V
peak-to-peak for potentials that reverse in polarity when the amplifier audio-output circuit is tested as
described in 67.4.2 — 67.4.5.

Exception: This requirement does not apply in those instances in which the duration of current through
a 500-ohm noninductive resistor connected between the parts satisfies the equation in 67.4.7.

67.4.2 A variable resistor is to be connected between any two terminals of an unreliable component such
as a vacuum tube, diode, electrolytic capacitor, transistor, or integrated circuit located in the audio-output
circuit. See [figure 67.2 Tor an example of the test applied across the collecior-emitier_jlinction of an
audio-output transistor. The amplifier circuit is to be operated under no-signal conditions\without any load
connected to[the audio output circuit.

67.4.3 The variable resistor is to have a resistance value high enough thaty 'when initially connected
across the tefminals of the component in the audio-output circuit being testedi\there is no effect on circuit
operation. The variable resistor is also to be capable of being reduced,to zero resisfance and of
conducting lgrge magnitudes of current.

Figure 67.2
Measurement-circuit connections
VARIABLE
RESISTOR @
? ®
| T {GrcuiT IS}
1 ) g
| : m
Py g
! | STORAGE
BIPR :szgb;éaim I-o); OSCILLOSCOPE |
7 ! VOLTAGE M}ASUREMENT
i ! CURRENT CURRENT MEASUREMENT
| IMEASUREMENT 5000 RESISTOR
L o
3 ——
L__\__J'
AUDIO QUTPUT
CIRCUIT

..||—
-|||—

SB1826

(lNlustrated procedure for determining electric shock at an audio output circuit under fault conditions)
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67.4.4 With the product connected to a supply circuit in accordance with 63.1.2 and Table 63.1 and
operating normally under no-load conditions, the variable resistor is to be slowly reduced in resistance
value and the voltage at the audio output circuit monitored. If the product ceases to function before the
voltage at the audio output circuit exceeds the values specified in 67.4.1, the cause of the malfunction is
to be determined. If a component other than a fuse, overload protector, or limiter has been damaged, it
is to be replaced by either an open circuit or a short circuit, whichever produces the more unfavorable
results. The test shall be continued until zero resistance of the variable resistor is reached, the maximum
voltage is reached, or until the voltage is reduced or interrupted by the opening of a fuse, overload
protector, or limiter.

67.4.5 Following the test procedure described in 67.4.4, a previously untested product or one repaired to
original operating order is to be additionally tested by suddenly applying a short circuit across the same

two terminald. The ouipui-volfage waveform is 10 be recorded on a storage oscilloscope]|or by similar
means.
67.4.6 If the maximum value of output voltage measured as described in either 6714.4 or 67.4.5 exceeds

the values specified in 67.4.1, a 500-ohm, noninductive resistor is to be connected between the parts. The

test describe
values when
current throu

67.4.7 The ¢

J in 67.4.4 or 67.4.5 (or both if the maximum value of output voliage exceeds
the product is tested according to both 67.4.4 and 67.4.5) is\to be repeated;
hjh the 500-ohm resistor instead of the open-circuit voltage is-to be monitored.

uration of the current through the resistor is to satisfy.the equation:

the specified
however, the

1.43
T<2+ (M)

in which:

of current
beres and

T is the duration (in seconds) measured from the time that the instantaneous value
first @xceeds 7.1 milliamperes, until the time that the current falls below 7.1 milliam,
remajins so for at least_1 second and

| is the peak cutrent (in milliamperes).

A current of less than-7.1 milliamperes peak is acceptable regardless of duration.

Exception: The/peak current shall not exceed 809 milliamperes regardless of duration.

67.4.8 If a fuse, other circuit protective element, protector, limiter, and the like is relied upon to open the
circuit, it shall be marked as described in 128.4.1— 128.6.1 and 128.9.1.
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67.4.9 If the protective or limiting function is accomplished through the use of solid-state circuitry to
provide sensing, cut-off, limiting, and the like, the product with protective or limiting circuitry shall complete
100,000 cycles of operation simulating the fault(s) that it is intended to interrupt, clear, or guard against
to remove or preclude hazardous potentials appearing at the speaker terminals.

67.4.10 To determine compliance with 67.4.9, three samples of the product are to be subjected to the
cycling test. Upon completion of the required number of cycles, the test in 67.4.6 or 67.4.7 is to be

repeated with acceptable results.

67.5 Product shock-current

67.5.1 The shock current between parts accessible only during user-servicing and between such parts

and earth grpund shall not be more than thai speciied in 12.2.1.1 (Electric shock) for
current; or mpre than that specified in 12.2.2.1(Transient electric shock) for a transient curr

67.6 Storedienergy electric shock

67.6.1 If the phort-circuiting of accessible parts results in the discharge of a capacitor, therel
instantaneous flow of current, the transient condition is to be considered with regarg
(Stored-energy electric shock).

67.6.2 Immefiately — not more than 1 second — after the attachment plug has been ren
source of supply, the blades of the plug are considered to bg) accessible parts that mayj
discharge of p capacitor when short-circuited.

67.7 Companent electric shock

67.7.1 Tod
disconnectio

termine if the connectors, componenis;*and leads of a product comply with 3
) and 31.2.1 (Component handling); disconnection is to take place while t

a continuous
ent.

Dy causing an
i to 12.2.3.1

hoved from a
result in the

1.1.1(e) (Part
ne product is
69). Current

hg), electrical
bduct that are
ring servicing

permanent risk of electric shock, to a vol

esults in a

tage of more than 1270 volts peak during a 5-minute

period, if the arrangement of parts is such that the voltage is likely to cause an electrical

breakdown.
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67.8.2 Parts of the product with which contact by the anode lead is considered likely during servicing
include the antenna terminals, control shafts, deflection-yoke bracket, and the like. It is to be assumed that
professional service personnel might use jumper leads or disregard mechanical supports for the anode
lead in order to make such contact.

67.8.3 The contact mentioned in 67.8.1 is to be made under the following conditions:
a) The product is to be operated as described in 69.2.2 and 69.2.3.
b) For a product using an isolating power-transformer supply, connection is to be established

between the anode lead and the grounded conductor of the power-supply line at the attachment
plug of the product by a 1.8-m jumper lead.

c) The chassis is to be insulated from ground.

d) Alpeak-reading voltmeter is to be connected between the chassis andreach sid¢ of the
powdr-supply line at the point where the line first enters the chassis.

e) The first 15 seconds of the test is to be conducted with the cotinection between|the anode
lead pnd the connection point established by means of arcing threugh air, with the fistance of
the afcing adjusted to produce the maximum voltage between the accessible metal| part and the
live gart. The remainder of the 5-minute test period is to belconducted with a solid metallic
conngction established between the anode lead and th& connection point.

f) THe measurements are to be repeated with the*attachment plug reversed in the power
recegtacle.

68 Temperature Test
68.1 General

68.1.1 A profuct, when tested according’to the applicable conditions and procedures dedcribed in this
Section, shal| not attain a temperature_that results in one or more of the following conditiong:

a) The likelihood of ignition of materials or components.
b) Ap adverse effect upon materials or components.

c) The temperature limits of materials or components being exceeded.

d) Tfmperatures at specific points greater than the limits specified in Table 68.1.
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68.2 Therma

| equilibrium

68.2.1 Thermal equilibrium is considered attained when three successive readings taken at 15-minute

intervals indic

ate that there is no temperature change of the part.

68.3 Ambient temperatures

68.3.1 The values in Table 68.1 are based on an ambient temperature of 25°C. However, a test may be
conducted at any ambient temperature within the range of 10— 40°C. Each observed temperature shall
satisfy Equation 68.1.

in which:

Tm IS

| F- o0 4
ouatron—oo:-1

Correction of measured temperatures

Tn+(K-T,) < T,

the measured temperature of the material or~component,

K is 5 when temperatures are measured in.degrees Celsius,

T,is
T1 is

68.3.2 If the
appearing in

the room ambient temperature, and
the temperature limit accordihg to Table 68.1.

ambient temperature is’ not 25°C, and the corrected temperature excee
Table 68.1, the test may be repeated at an ambient temperature closer to 25°

ds the value
C.
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Table 68.1
Maximum temperatures

Parts of product Temperature, °C
1. Accessible parts?
a) Surfaces of an enclosure 90
b) Small areas and easily discernible heat sinks 90
2. Handles or knobs that are grasped for lifting, carrying, or holding?
a) Metallic 50
b) Nonmetallic 60

3. Accessible front panels, all accessible control panels, and handles or knobs that are

contacted but do not involve lifting, carrying, or holding?

a) Metallig elo

b) Nonmetallic 85
4. Enclosurq interior surfaces

a) Wood 90

b) Insulatihg material® 65
5. Insulatingl materials

a) Polymdric b

b) Varnistled cloth 85

c) Fiber 90

d) Wood gnd similar material 90

e) Lamingted phenolic composition® 1p5

f) Phenoli¢ composition 160
6. Softening|point of any sealing compound ol
7. Coil winding surfaces using impregnated organic insulation g énameled wire® 90
8. Capacitorgs’

a) Electro|ytic 65

b) Other types 90
9. Fuses® 90
10. Semicor|ductor devices 0
11. Seleniurp rectifiers® 15
12. Conductprs with rubber or thermoplastic“insulation® 60
13. Solderleps wrapped connections 1p0

2 ltem 1 is doncerned with ignition-ef materials that may contact the enclosure. Items 2 and 3 are concerned ith skin-
burn if contdcted by the user. Thé lowest temperature limit on a given surface is the maximum temperature for that
surface or prt.

b Polymeric jnaterial shall be acceptable for the application when evaluated with regard to temperature.
¢ Does not gpply if.investigated and accepted for a higher temperature.

d The maxinjum'sealing compound temperature, when corrected to 25°C ambient temperature, is 15°C less than the
softening pgint.of the compound as determined by the Standard Test Method for Softening Point by Ring and|Ball
Apparatus, ASTM E28.

€ A hot-spot temperature not higher than 105°C on the surface of a coil winding is acceptable, provided the temperature
of the winding does not exceed 100°C. The temperature limits of 90°C by the thermocouple method and 100°C by the
resistance method are based on the standardized allowance for a maximum hot-spot temperature of 105°C.

f A capacitor operating at a temperature higher than 65°C is to be evaluated on the basis of its marked temperature
rating, or if not marked with a temperature rating, can be investigated to determine its acceptability at the higher
temperature.

9 Temperature limits on solid-state components are not specified; however, adequate spacings shall be provided such
that the operating temperature of the component does not adversely affect adjacent insulating materials or components,
or result in the temperature limits of those materials or components being exceeded.
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68.4 Product test conditions

68.4.1 The product is to be tested with the maximum projection on the back in contact with a flat vertical
wall of wood or comparable heat-insulating material.

Exception: The spacing between the wall and the main surface of the back of the product is not to be
less than 25 mm.

68.4.2 Covers and doors likely to be closed during operation are to be closed for the duration of the test.

68.4.3 Consideration is to be given to the actual conditions of intended operation.

68.4.4 Rubbgr-Tike and felt maierials are 1o be removed from supporiing feet to the exieni|that they are
likely to be worn off in service.

68.4.5 Horizpntal ventilating screens subject to the accumulation of dust and having openings that will not
permit the passage of a 1.0 mm diameter sphere are to be covered with loosecetton.

68.4.6 A profluct that does not have a complete enclosure or that is intended for protected|installation in
home systens, or both, is to be provided with a built-up wood cover or. enclosure, simulatifg installation
in a cabinet. [The cover or enclosure is to be constructed of wood nominally 19 mm thick, gnd arranged
so as to expose user controls. Where clearances are not specified by the manufacturgr, covers or
enclosures afe to provide a clearance of 5 cm from the four sidesvof the chassis, and from fhe top of the
tallest component mounted above the chassis. If an enclosurébottom is required, the enclogure bottom is
to provide a flearance of 25 mm from the bottom of the 1owest component. In determining the chassis
dimensions, ¢xtended flanges and feet are to be disregdrded.
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68.5 Produc

68.5.1 The p

t operating conditions

roduct is to be operated:

a) At the power input as described in the Power Input Test, Section 64, with the product
connected as described in 63.5.1 — 63.5.5 (Supply-circuit voltage and frequency),

Exception: Pink noise as described in 68.5.2 may be used as an alternate signal if the sine wave
does not represent loading of the amplifier. Each amplifier circuit shall be adjusted to deliver
one-eighth maximum undistorted output as determined in the Power Input Test, Section 64. If the
acceptability of a component or part is in question, sinusoidal signals at one-eighth maximum
undistorted output shall be used.

b) V\Jith all unused receptacles at their maximum rating, and

c) A

68.5.2 A pro
shall be oper
20 kHz, equal
coupled throd
amplitude-pr(
of the amplifi
be adjusted
undistorted,

manufacturer
the maximun
calculated ug
voltmeter acr

a) Lq
pass

whiclever is greater and

b) H
pract

b described in 68.4.1 — 68.4.6 to represent expected usage of the product.

juct intended to be operated with a pink noise input as specified in.the Exceptio
ated with a pink-noise, audio-input signal (band-limited at 12\decibels per oct
energy per octave) connected to each input affecting the power consumption @
gh a filter circuit with a frequency roll-off of minimum 12 decibels per octave a
bability distribution shall be three standard deviations{ The low- and high-freq
br mentioned in (a) and (b) are those given by the manufacturer. The signal a
to cause the product to deliver power equal to one-eighth of measure
putput power as described in the Power Input Test, Section 64, or one-

, input power consumption when tested ‘in*accordance with 64.3. The output g
ing the relation P = E%/R in which-E's the voltage measured by a true r
pDss the noninductive, resistive outputoad R.

w Frequency — Corner frequency (point where audio signal is down 3 decibel

filter set at 50 Hz or as close as practicable to twice the low-frequency respor

gh Frequency — Corner frequency of low-pass filter set at 20 kHz or as close
cable to one-half;the high-frequency response limit figure, whichever is lower.

n to 68.5.1(a)
hve, 20 Hz to
f the product,
5 follows. The
uency figures
mplitude is to
i, maximum,
bighth of the

s rated output power, whichever is greater,finto the matching load impedance {hat produced

ower is to be
ms indicating

5) of high-
se figure,
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68.6 Thermocouples

68.6.1 When thermocouples are used in the determination of temperatures, it is common practice to use
thermocouples consisting of 30 AWG (0.051 mm?) iron and constantan wires and a potentiometer-type
instrument. When it is not practical to use iron and constantan thermocouples, some other type as
described in the Initial Calibration Tolerances for Thermocouples table in Temperature Measurement
Thermocouples, ANSI/ISA MC96.1, in a size of 28 — 32 AWG (0.081 — 0.032 mm?), can be used.

68.7 Winding temperature measurement

68.7.1 The temperature on a winding is to be measured by using one of the methods specified in (a) and

(b).

a) TILe temperature on a winding is to be measured by applying a thermocouple tg the hottest
part ¢f the surface of the coil winding. If the winding is enclosed, a hole is teybe mgde in the
case] and, if the winding is potted, a heated wire may be used to providera hole in [the
compound before the thermocouple is placed in contact with the coil surface.

b) The temperature of a copper or aluminum winding is to be cal¢ulated by Equation 68.2
(windings are to be at room temperature at the start of the test).

Equation 68.2
Calculation of temperatures:of'windings

ty= B (K + 1) =k

in which:
t, is the temperature of'the coil in degrees Celsius at the end of the test;
R is the resistaneg of the coil at the end of the test;
r is the resistance of the coil at the beginning of the test;

K is £34)5 for copper, 225.0 for electrical conductor grade (EC) aluminum (values aof the
constant for other grades must be determined); and

t; is the room ambient temperature in degrees Celsius at the beginning of the test.
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69 Maximum Voltage Measurement

69.1 General

69.1.1 The maximum voltage used as a basis for the calculation of the dielectric voltage-withstand test
potentials specified in Table 71.1 is to be determined under all of the following conditions of operation:

a) Any combination of tubes and fuses can be removed.

b) An automatic voltage-regulating device, assembly, or circuit is to be rendered inoperative.

Exception: This requirement does not apply when the device, assembly, or

inves

is to

the p

circuit, upon

in the circuit.

c) A

user+servicing of the product is to be both connected and disconnected.

figation, is found to guard against any unacceptable increases in voltage. [he investigation
fake into consideration any likely malfunction or breakdown in either the regulating device or
yroduct, and the possibility of the device being disconnected if it is not permanently connected

connector or comparable part that is likely to be disconnected during the opergation or



https://ulnorm.com/api/?name=UL 1492 2019.pdf

118B AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 NOVEMBER 20, 2000

No Text on This Page



https://ulnorm.com/api/?name=UL 1492 2019.pdf

APRIL 30, 1996

AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492

119

d) The product is to be connected to a supply circuit of maximum rated voltage.

e) If a complex voltage is present, the peak value of the voltage is to be measured.

69.2 Maximum voltage — V4

69.2.1 The value of V4 to be used in calculating the dielectric voltage-withstand test potential specified in
71.7.1 is to be determined in accordance with 69.2.2 or 69.2.3, whichever results in a higher value. See

also 69.3.3.

69.2.2 All controls are to be adjusted to give the maximum voltage possible with a usable picture.

69.2.3 Voltages are to be measured with and without any accessories, with and without an

fuse (exclusi
that might od
controls and

of the effect ¢n the picture.

69.3 Maximuym voltage — V,

69.3.1 The V|
71.7.1 is to b

69.3.2 Voltages are to be measured with and without any accessories, with and without any

of fuses (exc
with connect
connected ar
to be adjuste

69.3.3 In de
voltage-regul
not to be ren

70 Audio Output Power Limitation Measurement Test

70.1 The audlio output power of‘an amplifier circuit having provision for connection of an ext

or speakers s

Exception:
- 35.11.6.

This requirement does not apply to a product that complies with the requireme

e of copper or copper alloy links in any low-voltage heater circuit) disabled=if
cur in service, and with any combination of these conditions. In eachycase,
il user-servicing controls are to be adjusted to produce the maximumrvoltage,

plue of V5 to be used in calculating the dielectric voltage4withstand test potenti
e determined in accordance with 69.3.2. See also 69.8.3.

usive of copper or copper alloy links in any low-voltage heater circuit) and tu
ors that are likely to be disconnected_during normal operation or user-s
d disconnected, and with any combination*of these conditions. In each case, a
1 to produce the maximum voltage, Va»y regardless of the effect on the picture,

ermining the values of V{ and"V, in accordance with 69.2.1 and 69.3.1,

bting device that has been found to be reliable when investigated as describe
Hered inoperative.

hall be 24Q W, or less per audio output channel when tested as described in 7

y one tube or
any manner
all operating
1, regardless

bl specified in

combination
bes removed,
ervicing both
| controls are

an automatic
d in 69.1.1 is

brnal speaker
0.2.

hts in 35.11.2

70.2 A 100

-Hz,sinewave signat generator 15 to be Cconmnected to the mput Conmectio

ns, separate

matched load impedances as specified in 64.3(f)(2), 64.3(f)(3), or 64.3(f)(4) are to be connected across
the audio amplifier output circuit terminations, and speakers, if provided, are to be disconnected. The input
signal voltage is to be adjusted to such a value that maximum available undistorted sinewave power [see
64.3(h)(4)] is delivered to the loads. The maximum, available, undistorted, sinewave power is then to be
measured after 1 minute of operation. If, because of limiters or protection circuitry, the maximum power
cannot be maintained for the 1 minute, the value to be measured is that which was obtained just before
operation was affected by such limiters or protection circuitry.
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71 Dielectric Voltage-Withstand Tests

71.1 General

71.1.1 The insulation and spacings between conductors and parts shall withstand without breakdown the
application of the test potentials shown in Table 71.1 for 1 minute.

Exception:

not result in a risk of fire or electric shock.

71.1.2 ADC

test voltage is not to have more than 3 percent ripple.

This requirement does not apply where an investigation shows that such a breakdown does

71.1.3 The i
potential with

ndicated test voltage is o be measured direcily across the points of applicafi
a high-resistance voltmeter.

71.1.4 The test voltage is to be raised gradually and smoothly to the specified value

indicated in 7
to exceed the

71.2 Primar
or 60 Hz, or

71.2.1 If the
Section 125)
insulation an
potential app

71.3 Priman
or 60 Hz, or

71.3.1 If the
Section 125)
three sample
the manufact
There shall n

electric shock.

peak value specified.

/ circuit when factory dielectric voltage-withstand test potential exceeds
is applied for more than 2 seconds

production-line, dielectric voltage-withstand test potential (see Tests by the
lexceeds 1300 V, 50 or 60 Hz, or 1840 V DC, ora time duration of more than 2
I spacings of a product shall withstand, witheut breakdown for 1 minute, a 2

) circuit when factory dielectric voltage-withstand test potential exceeds
2828 V DC, or is applied for more-than 4 seconds

production-line, dielectric veltage-withstand test potential (see Tests by the
5 of the product are to be_subjected to the continuous application of the voltage

Lirer intends to use on the production line for a duration that is 100 times the fac
ot be breakdownof\insulation or spacings in the product that would result in a

71.4 Requirg¢ments for-AC test equipment

71.4.1 The t

voltage that has“a’sinusoidal waveform, has a frequency that is within the range of 40 — 70

a peak value
value.

st._equipment for conducting AC dielectric voltage-withstand tests is to ha

ied between parts involving a risk of electricishock and accessible, conductive

exceeds 2000 V, 50 or 60'Hz, or 2828 V DC, or a time duration of more thg

bn of the test

measured as

1.1.3 so that there are no transients that may cause the instantangous test potential applied

1300 V, 50

Vianufacturer,
seconds, the

B75-V, 60-Hz
parts.

2000 V, 50

Vianufacturer,
n 4 seconds,
potential that
ory-test time.
risk of fire or

Ve an output
Hz, and has
mean-square

71.4.2 The sensitivity of the test equipment is to be such that when a 120,000-ohm resistor is connected
across the output, the test equipment does not indicate unacceptable performance for any output voltage
less than the specified test voltage, and does indicate unacceptable performance for any output voltage
equal to or greater than the specified test voltage. The calibrating resistor is to be adjusted as close to
120,000 ohms as instrumentation accuracy can provide, but not more than 120,000 ohms.

Exception No. 1: The sensitivity of the test equipment may be reduced (a lower value of calibrating
resistance used) if testing circuits or components that do not involve accessible conductive parts.
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Exception No. 2: The sensitivity of the test equipment may be increased (a higher value of calibrating
resistance used) if agreeable to those concerned.

Table 71.1
Dielectric voltage-withstand test potentials and applications

Circuit or component Points of applicationa Test potentialsb
Primary circuits
Printed-wiring portions c d (2E + 1000) V DC
All parts c,d 1000 V 60 Hz
Power transformers e 1000 V; 60 Hz
Other circuits —pewertranstormersupplied-secondary § {2E——4500) V DC
Load side of re[tifier of direct-connected supply d, f (3E)YV DCY
Audio output h (4E) Y DCY

@ power-dissip
are to be remo
the full dielectri
adjusted so thg

bg equals the

conductors) thg
d The insulatio

€ The insulatio
be tested. The

1) Primary toj
2) Primary to
3) Primary to

ting component parts, unreliable components, and electrolytic capacitors located between’the cir
ed or disconnected so that the spacings and insulations, rather than such component parts, are
C voltage-withstand test potential. Switches and other controls, whether accessible,6r not, are to 4
t all conductors and parts intended to be tested are connected to the circuit under test.

part, or other cpnductive part; measured with the product operating under the conditions_described in Maximum Yoltage
Measurement, Bection 69.
C The insulatiofs and spacings are to be tested between primary circuit parts anpdi\the following parts all connectgd together:
1) The grounding terminal (if any),
2) The enclo$ure, with a conductive foil wrapped around insulating portiots of the enclosure, and
3) Accessibld conductive parts.
Care should beg taken to make sure that each capacitor, winding sepatation, or other separation (such as a spacing between

t isolates accessible conductive parts from the primary circuit is tested.
s and spacings between parts of opposite polarity are to be tested.

s and spacings between windings and parts*of a transformer conductively connected to the supp
windings and parts to be tested shall include each of the following:

shield or guard (if provided),
core, and
each secondary (or all secondasies connected together).

maximum peak potential in volts between the conductor or part to be tested“arid earth, an accesgible conductive

uits under test
ubjected to
e set or

y circuit are to

Table 71.1 Continued on Next Page
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Table 71.1 Continued

Circuit or component Points of applicationa

Test potentials

b

to be tested:

3) Accessible
4) All other ci

9 Not less than

f The insulations and spacings between parts of circuits involving the risk of fire or electric shock and each of the following are

1) The protective grounding terminal (if provided);
2) The enclosure, with a conductive foil wrapped around insulating portions of the enclosure;

conductive parts; and
rcuits.

1270 V DC.

h Each capacit
of an audio cirg

R H " alo " L lo H e ol Nblo ok aalad
P WM g Se P arat o, o ot e Separaton(SttasS—a-SpacmgoetweeconaucCtorsSthat rSorates

uit involving the risk of fire or electric shock.

ccessible parts

71.5 Requir¢ments for dc test equipment

71.5.1 The test equipment for conducting the dc dielectric voltage-withstand test’is to pro
for indicating unacceptable performance. For the purpose of these_requirements, U
performance |is defined as:
a) Ap abrupt decrease or nonlinear advance of voltage as/thetest voltage is increé
similarly
b) An abrupt increase in current.
71.6 Accesgible part
71.6.1 The direct-current potential specified in Table 71.2 is to be applied between a part i

of electric sh
a) A
b) A
if contact bet

Exception Nd
parts and co

Exception Ng

bck and:

N accessible metal part or

N accessible part that is hot considered to be reliable insulation
veen such parts (can result in a risk of electric shock.

. 1: A potential need not be applied if a conductive shield or coating is providec
(nected back to opposite polarity parts.

. 2:5A potential need not be applied if through-air spacings between the parts a

ide a means
nacceptable

sed, or

volving a risk

| between the

re permanent

and comply

vith-curve 1 in Figure 117.1 for a voltage value of 2V + 1000.

71.6.2 A material that is not considered to be reliable insulation is to be covered with a conductive coating
such as metal foil.

71.6.3 A spark gap or a gaseous-discharge tube may be used as a means of preventing electrical
breakdown in other parts of the circuit if, upon investigation, it is determined to be acceptable.
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Table 71.2
Direct-current test voltages

Maximum

peak potential of live parts in volts (V)a Test potential in volts (DC)
0 - 1000 3V (1270 minimum)
Over 1000 2V + 1000

under the condi

a Maximum peak voltage between the live part and earth, or an accessible metal part, measured with the product operated

tions described in 69.1.1 or 69.2.2 and 69.2.3, whichever is applicable.

71.7 Elevated-voltage system

71.7.1 A voltage source over 1000 volts peak and associated circuits, such as deflection coils, and the

like, operatin
output is 1.2

71.7.2 V1 is
chassis unde
between the

71.7.3 The V|
is obtained ir
the circuit be

71.8 High-voltage isolating component

71.8.1 A con
a) O
b) H

c) H
acce

shall withstanpd the conditionipgand dielectric voltage-withstand tests described in 71.8.4

There shall n
shock.

71.8.2 Thred
conditioned i

 In the B-plus circuit, shall operaie without breakdown for T minute when the.V]
V1+ 1750 volts, or 1.1V,, whichever is greater.

to be the maximum voltage measured between any point of the voltage sg
I the conditions described in 69.2.2 and 69.2.3. V, is to be the maximum volta
same points under the conditions described in 69.3.2 and 69.3.3:

pltage applied to the voltage source is to be gradually increased until the requi

the output or until breakdown occurs. The operating, fréguency and voltage
ng tested are to be maintained as nearly normal as-pg@ssible.

ponent, such as a high-voltage transformet’(flyback), deflection yoke, and thg
perating at peak voltage of more than-2500 volts,

bving one winding connected tothe primary AC source of supply, and

Esible part

bt be breakdown ¢f'the insulating materials if such breakdown would result in a

samples) of the high-voltage component, connected as in normal operatig
N a_Citculating-air oven. The operating temperature of the oven is that nece

component W
from the hori
time and hist

orical class 105 (A) system response curve. The historical class 105 (A) syst

L

inding to reach the winding aging temperature. The winding aging temperatu1

on of the aging

bltage source

urce and the
ge measured

ed test value

wave form of

like:

hving another winding, located within the same component housing that is copnected to an

and 71.8.3.
isk of electric

n, are to be
ssary for the
e is obtained

em response

curves are the slanted lines illustrated in Figure 71.1. The aging time and historical class 105 (A) system
response curves are determined by the manufacturer. The curve chosen may not be less than the normal
operating temperature of the winding of the component.
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AGING TIME (IN HOURS)

Figure 71.1

Historical class 105 (A) system response
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71.8.3 After completion of the conditioning test described in 71.8.2, the samples are to be allowed to cool
to room temperature and subjected to the 1.25 x V4 plus 1750-volt DC dielectric voltage-withstand test
described in71.7.1.

Exception: The test potential is to be 2 x V{ plus 1000 volts DC for a component intended to provide
double protection against the risk of electric shock in accordance with 52.6(b).
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72 Primary Insulation Voltage Test

72.1 A high-voltage part that is accessible while energized, or that is likely to be left in contact with
accessible metal, with parts of the power supply circuit, with a wooden cabinet, or with a similar part
having a relatively low level of insulation, shall not cause a breakdown of the primary insulation or develop
a voltage of more than 1270 volts peak across primary insulation when connected to the chassis or earth.

73 Special Option Tests

73.1 Limited-power determination

73.1.1 To determine compliance with 17.4.1 — 17.4.4 (Special construction option), the sources of power

for a comporn
external resi{
components
then added t

73.1.2 Ifare
supply, the
transistor jun
exceeded.

73.1.3 As a
and the pow
characteristic

73.1.4 Excef
be as descril]

73.2 Limited

73.2.1 The p
determine all

a) T
short

b) That a risk{of fire or electric shock is not produced under the conditions of sk

singl

c) Fq

ent part or assembly shall not be capable of delivering a power of more than
stor. The measurement is to be made between any two points on the assg
load circuit) beyond the two points disconnected and on individual windings g
pgether.

gulating or other type of circuit is located between the points being’measured 3
bpening or short-circuiting (singly) of any unreliable component (electroly

esult of the tests described in 73.1.4, components)located between the points
er supply shall not be affected to such an :extent, such as by a changsg
S, as to cause the limit in 73.1.1 to be exceeded.

t as noted otherwise in 73.1.1 — 73.4.1,"the methods for measuring power ca
ed in the Power Supply Tests, Section'77.

-power fire tests

oints determined by the measurements described in 73.1.1 — 73.1.4 shall be i
of the following:

nat a risk of fire~or*electric shock is not produced under the conditions
-circuiting them;; or’loading them to maximum or limited power;
, any unreliable component between the points and the power supply; and

llowing the tests described in 73.2.1(a) and 73.2.1(b), the circuit tested shall

15 W into an
mbly with all
r circuits and

nd the power
ic capacitor,

ction, diode, vacuum tube, and the like) in that circuit shall.net' cause the limit in 73.1.1 to be

being tested
in value or

pability are to

vestigated to

bf separately

ort-circuiting,

be capable of

withs

anding without breakdowrnfora period-of +minute, a 1000-Vattermating pote

tial having a

frequency of 60 Hz, between any live part conductively connected to the supply circuit and any
accessible conductive parts, and between any live or current-carrying part of the primary or
power-supply circuit, and any live or current-carrying part of the secondary circuit.

73.2.2 To determine if the product complies with 73.2.1, it is to be tested as described in 73.2.3, 73.3.1,
7411 -74.3.1, and 74.4.2 — 74.11.1, and the applicable provisions of 77.5.2.

73.2.3 If the short-circuit tests required by 73.2.1(a) continue for 4 hours or until 74.9.1(f) is satisfied, it is
not necessary that the maximum-power or limited-power tests be conducted. Likewise, if the
maximum-power test continues for 4 hours or until 74.9.1(f) is satisfied, it is not necessary that the
limited-power test be conducted.
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73.3 Limited power

73.3.1 The term ”“limited power” referred to in 73.2.1 is defined as the overload condition that does not
cause a component or protective device to open. To create this condition, sufficient impedance is to be
introduced into the circuit so that the component or protective device does not open for 4 hours or until
74.9.1(f) is satisfied. After the time period has ended, the impedance is to be reduced to cause the
component or protective device to open.

73.4 Maximum power
73.4.1 The term “maximum power” referred to in 73.2.1 is defined as the maximum power that the source

of power is capable of delivering into an external variable resistor connected in parallel to the points being
investigated.

74 Abnormgl Operation Test Method
74.1 General

74.1.1 For abnormal-operation tests, the product is to be operated according to applicable [requirements
contained in this Section.

74.2 Supplyfcircuit fuse rating

74.2.1 The product is to be connected to a supply circuit fused ‘at 30 A.

74.3 Produdt supporting surface

74.3.1 The product is to be placed on a white tissue=paper-covered, softwood surface.

74.4 Cheesécloth indicator

74.4.1 A single layer of cheesecloth is:i0-be draped loosely over the component being tested.
74.42 A sinI

gle layer of cheeseclgth-is to be draped loosely over the whole product.
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74.5 User-removable parts

74.5.1 Parts of the product that are subject to removal during user servicing are to be omitted if all of the
following conditions apply:

a) The parts are not necessary for the functioning of the product,
b) The parts are not exposed to view during the operation of the product, and
c) The parts are not captivated.

74.6 Fuse indicator

74.6.1 Accegsible conductive parts are to be connected to earth ground through a 1-A, “Apn-time-delay
type fuse.
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74.7 Polariza

tion

74.7.1 The supply-circuit connection is to be such that the maximum potential exists between the

protective dev

ice of the product, if any, and the chassis.

74.8 Inherent overheating protection

74.8.1 Inherent overheating protection that functions during the abnormal operation test is to be
investigated to determine its acceptability.

74.9 Test duration

74.9.1 Exci

abnormal-op

observed:
a) A
b) A

c) Th

pt as noted otherwise for the limited-power test condition described-|

risk of fire develops. See 74.10.1.

risk of electric shock develops. See 74.10.1.

ration test is to be conducted for 4 hours or until one or more of the follewif

e branch-circuit fuse opens.

h 73.3.1, an

g results are

d) The circuit being tested opens or reacts in some manner to terminate the abnormal condition.

e) A
occu

f) A
evidg

g A
74.9.2 The ¢
odor, smoke

current throu

74.10 Unacgd

74.10.1 An U
conditions:

predictable shut-down circuit terminates the abAormal condition before overhe
S.

minimum of 1 hour has elapsed, circuit conditions have stabilized, and there
nce of any overheating of parts.

verheating of parts refefred to in 74.9.1 and 74.11.1 may be detected by such

gh the applied fault,"or similar phenomenon.

printed-wiring-board conducter or individual wire opens.

discoloration, cracking of material, charring, flaming, glowing, arcing, chan

eptable conditions

nacceptable condition is considered to exist if the test results in one or more of

ating of parts

is no further

indicators as:
ges in circuit

the following

a) T

€ singte fayerof cheesectothglows or ftames;

b) The tissue paper glows or flames;

c) The 1-A fuse connected to earth ground opens;

d) An opening develops in the overall enclosure (cabinet) that does not comply with the
requirements in Enclosures, Section 17;

e) Flame resulting from the test continues for more than 30 seconds. This does not apply to the
arcing covered by 74.10.1(Q);
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f) A printed-wiring-board conductor or individual wire opens; and

g) Flame resulting from the arcing continues for more than 30 seconds after arcing is
discontinued. This applies only to the arcing tests described in 117.1.

74.11 Circuit interruption

74.11.1 An abnormal-operation test is to be conducted once. If there is evidence of overheating of parts,
the test is to be repeated using new components, when necessary, and the product repaired to its
intended operating condition.

74.11.2 If an arcing test is interrupted by the opening of a component or protective device, sufficient
impedance ig 1o be infroduced info the Circuit in series with the probe so that the componen] or protective
device does not open and the test can be continued for a total of 15 minutes at each point.

74.11.3 A manually-reset, overload-protective device shall perform acceptably for50“cycle$ of operation
under the mqgst unfavorable of the overload conditions.

75 Compongnt Abnormal-Operation Test

75.1 A prodyct shall not result in a risk of fire or electric shock when dperated under abnormal conditions
that are likely to occur during operation of the product.

75.2 The test conditions are to be as described in 74.1.1 — 74.4.1 and 74.5.1 — 74.10.1.
75.3 Malfungtion of components and likely misuse of thé product that might occur are to |be simulated
during the aknormal tests mentioned in 75.1. Products that have features not contemplated in the test
procedures gccording to this Section are to be tested as necessary to comply with the [intent of this
Section. Only one fault is to be assumed at a time. Examples are:

a) Jgmming of tape that is likely to_stall or overload a drive or similar type motor.

b) Mglfunction of fans or blowers that provide ventilation. During this test the fan dr blower is to
be disconnected rather than -stalled.

c) Stalling of rotors(©f;all motors due to bearing wear or loss of lubrication, or the Ifke.
d) S¢lenoid with-plunger blocked in the de-energized (at rest) position.

76 Receptagle Ovetload Test

76.1 Each convenience Teceptacte provided oma product stattwithstand-armovertoadof 165 A as drawn
by a resistive load without resulting in unacceptable conditions as described in 74.10.1.

76.2 The test conditions are to be as described in 74.1.1 — 74.3.1, 74.4.2, 74.6.1 —74.9.2, and 74.11.3.
77 Power Supply Tests

77.1 General

77.1.1 The acceptability of the power-supply circuitry of the product and associated component parts

shall be evaluated by one of the test options shown in Table 77.1. See also Table 77.2 for DC-operated
circuits.
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Table 77.1
Power-supply test options
Type of Supply | Transformers comply | Resistors UL 1411 abnormal Power-supply test required
power output with UL 1411® used in tests required® N -
supply watts? requirements more At m_ore_than_ 15-W At m_ore_than_ 50-W
than circuit points circuit points
15-w?@ 7-hour 15-day | Determine | Electronic | Determine | Electronic
Abnormal |  Con- circuits | abnormal | abnormal | points® device points® device
tests struction | comply test test and elec- and elec-
with UL | sequence | sequence trolytic trolytic
1412° capacitor capacitor
require- shorts shorts
1 Trans- 1§ or less Yes Yes NA - - - - -
former
2 Trans- > 15 Yes Yes NA - - X X X
former
3 Trans- > 15 No Yes NA XorX X X X
former
4 Trans- > 15 No Yes NA - X - -
former
5 Direct- Any NA NA No NA NA X - -
connected
6 Direct- Any NA NA Yes NA NA X X X
connected

and UL 1412 is

power capabilit

@ The power cgpable of being delivered across the circuit, as measured by the procedure described in 77.2.1—- 7
b UL 1411 is thp Standard for Transformers and Motor Transformers\for Use in Audio-, Radio-, and Television-Ty
the Standard for Fusing Resistors and Temperature-Limited Resistors for Radio- and Television-
¢ If the applicafyle test option only requires unreliable-componeént short-circuit tests on components located in cirg
of more than 50 W, the determination of thesé points is still necessary to determine the accepta
with regard to Table 20.1.

[.2.4.

pe Appliances
I'ype Appliances.
uitry having a
bility of materials

Table 77.2
Abngrmal-operation test options for DC input circuits rated 42.4 volts peak o1 less
Abnormal operation tests
At more than 15-W?2 circuit At more than 50-WP circuit points
points
Option Resistors Overcurrent Determine | Electronic device | Determine | Electrpnic device and
comply‘with UL protective points and electrolytic points electrplytic capacitor
1412° and used deviced® capacitor shorts shorts
in more than
15-W-eireuits
A No No X X
B No Yes X X X
C Yes No X X X
D Yes Yes X X X

Table 77.2 Continued on Next Page



https://ulnorm.com/api/?name=UL 1492 2019.pdf

130 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 NOVEMBER 20, 2000

Table 77.2 Continued

Abnormal operation tests
At more than 15-W2 circuit At more than 50-WP circuit points
points

Resistors
comply with
UL 1412° and Overcurrent
used in more rotective Electronic device Electronic device and

than 15-W P Determine and electrolytic Determine | electrolytic capacitor

Option circuits deviced® points capacitor shorts points shorts

@ Refer to 77.1|2(a) and 77.2.1 — 77.2.4 for description of tests.
b Refer to 77.1 2(b) and 77.2.1 — 77.2.4 for description of tests.
C UL 1412 is tHe Standard for Fusing Resistors and Temperature-Limited Resistors for Radio- and T€levision-Type Appliances.
d Complies witlh the applicable component requirements and is intended for the purpose of overcurrént protectior).

€ Circuits are cpnsidered to be limited to 15 or 50 W when protected by an overcurrent protective device rated af follows:

Iprotector < 0.8Pmax / Vmax
in which:

Pmax is 15 or 50 W and

Vmayx is determined according to the maximum-voltage, méasurement.

See Maximum Moltage Measurement, Section 69. Table 77.3illustrates some examples of this calculation.
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Table 77.3
Examples of V.« calculation

ymax Maximum overcurrent Power limited to
protector rating (amperes) 15 W 50 W
64.5 2.6 X
8.9 X
6.0 2.0 X
6.7 X
7.5 1.6 X
5.3 X
.0 1.3 X
4.4 X
12.0 1.0 X
3.3 X
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77.1.2 The power-supply tests required on the complete product are to consist of the applicable tests
described in (a) — (d), as required by the Table 77.1 or 77.2 option selected. The power supply shall be
subjected to the following:

a) 15-W Power Measurement — The points nearest the supply circuit capable of delivering a
power of more than 15 W for more than 5 seconds into an external resistor connected singly
between each of these points and its power-supply return (circuit common) are to be located. See
7721 -77.2.4.

b) 50-W Power Measurement — The points nearest the supply circuit capable of delivering a
power of more than 50 W for more than 1 minute into an external resistor connected singly
between each of these points and its power-supply return (circuit common) are to be located. See
772 —77.24.

c) U
elect
comg
circu

hreliable Components and Electrolytic Capacitors — It is to be determined'that 4
ic shock is not produced under the conditions of separately short-circuiting &
onent — one terminal to another (one pair at a time) — or any electrolytic capac
try having a power capability of more than the 15- or 50-W, as required by the 3

risk of fire or
ny unreliable
tor located in
pplicable test

optiops from Table 77.1 or 77.2.
ition from the
Hz, 1-minute
, Section 71,

d) Dlelectric Voltage-Withstand — It is to be determined that, while in a heated cond
tests| described in (c), the product is capable of withstanding the 1000-V, 60-
diele¢tric voltage-withstand test described in the Dielectrie’ Voltage-Withstand Tests

with the potential applied between each of the following points:

1) Supply-circuit connected parts and_agcessible parts and
2) Supply-circuit connected parts.and accessible parts and
Also see 77.6.1 and Figure 77.1.

.1 — 77.5.4 for test considerations. The test conditions are to be as descriged in 74.2.1,

4.42 —74.11.1.

Refer to 77.5
74.3.1, and 7
Huirements of

Exception: Alternatively, it isqacceptable for integrated circuits (ICs) to comply with the re

77.7.1.

77.2 Measufement procedure

77.2, is to be
n resistance.

ernakvariable resistor/wattmeter circuit, connected in accordance with Figure

77.2.2 The resistor is to be quickly adjusted to dissipate more than 15 or 50 W, to whichever power
capability the points are being evaluated. As soon as more than 15 or 50 W dissipation is attained, the
resistor is to be continuously adjusted (if necessary) to maintain that dissipation. If more than 15 or 50 W
dissipation can be maintained for more than 5 seconds or 1 minute, respectively, points complying with
the criteria in 77.1.2 (a) or (b) have been located. If such dissipation cannot be maintained for the
prescribed time interval, the points do not comply with this criteria, and testing between the points is to be
terminated.
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Figure 77.1
Example illustrating the test requirements for the points referred to in 77.2.1
ST Ft 1
———)
130V
60Hz
SB1957

Hoint 1 2 3 4 5 6 7 8 9 10
Power capability by procedure >50 >50
described in the Power Supply
Tests, Section 77 (watts) >50 >50 >50 >50 >50 >15 >15 >15 >15 | >15

NOTE — Assume the product is being tested to the 50-W test option from Table 77.1. Points 1, 2, 3, and 5 have unreliable
components and electrolytic capacitors connected to them, and are capable of delivering a power of more than 50 W.

Therefore, unreliable components and electrolytic capacitors D1 (or D2 or D3 or D4)2, C1A, C1B, and TR1 must be subjected
singly to the unreliable component and electrolytic capacitor short-circuit test. TR1 requires two separate tests: C-B and C-E. If
the more than 15-W point test option had been selected from Table 77.1, the only additional tests required are the short-
circuiting of unreliable components and electrolytic capacitors TR1 (E-B) and D5.

2 I there is symmetry within a circuit, it is generally only necessary to test one representative leg of the circuitry or device
within that circuitry. For example, only one diode in a bridge rectifier circuit, or only the B-plus circuitry in a plus-minus supply.
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77.2.3 The adjustment of the resistor to dissipate more than 15 or 50 W is to take place as quickly as
possible, and within 15 seconds of the connection of the resistor/wattmeter circuit. If more than 15 or 50
W dissipation cannot be attained by any adjustment of the resistor, the resistor is instead to be
continuously adjusted to maintain maximum possible resistor power dissipation until 15 seconds has
elapsed since the resistor/wattmeter circuit was initially connected to the points.

77.2.4 If the circuit loading effects caused by the maintenance of maximum dissipation for the 15-second
adjustment interval noted in 77.2.3 result in the ability to dissipate more than 15 or 50 W during the
15-second interval, then the measurement is to immediately continue in accordance with 77.2.2. If more
than 15 or 50 W dissipation cannot be attained within 15 seconds of the initial connection of the
resistor/wattmeter circuit the points do not comply with the criteria in 77.1.2 (a) or (b), and testing between
the points is to be terminated.
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Figure 77.2
Connection of wattmeter

| EXTERNAL
1,/LOAD

RESISTOR
I

77.3 Power

77.3.1 The more than 15 W and more than*60' W capability criteria referred to in this Sectig

as any disce
not to exceeq

77.4 Refere¢ procedures

77.41 If apn
than 15 or 5
measuremen
determine wh
time period.

\WATTMETER

\COIL REVERSING SWITCH SET TO
MAXIMIZE WATTMETER READING

SUPPLY
TO CIRCUIT
UNDER
EVALUATION

CIRCUIT
UNDER
EVALUATION

LOAD
SIDE

SUPPLY
SIDE

(e}

SB1747 POINTS OF MEASUREMENT

measurement tolerance

nible wattmeter indication. of power in excess of 15 or 50 W, respectively. Thi
15 W by more than 1/2-Wrand 50 W by more than 1 W.

ptective devicetis’'used in a product in which the points capable of delivering a g
D W are bging determined, and that protective device operates during the
s described in 77.2.2 — 77.2.4, the referee procedure described in 77.4.2 is
etherthe’points being evaluated are capable of delivering power at that level fo

n are defined
5 indication is

ower of more
course of the
0 be used to
r the required

77.4.2 A shorting switch is to be connected across the protective device in the closed position. The
variable resistor/wattmeter circuit is to be set for maximum resistance before being connected between
the points being evaluated. The resistor is then to be quickly adjusted until slightly more than 15 or
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50 W is dissipated. The switch across the protective device is then to be opened and the time required for
the protective device to open recorded. If the protective device does not operate within 5 seconds or 1
minute, whichever applies, after the shorting switch is opened, the points being evaluated comply with the
criteria for that power level.

77.4.3 If a circuit component is overloaded so that it changes value or opens during the power
measurements described in 77.2.1 — 77.2.4, and there is any question whether or not a faster adjustment
of the variable resistor could have satisfied the capability criteria, the referee procedure described in
77.4.4 is to be performed.

77.4.4 The procedure is to be as described in 77.2.1 — 77.2.4, except that the variable resistor shall be
pre-adjusted to that resistance producing more than 15 or 50 W dissipation, whichever is applicable,

before the re

77.5 Additignal test details

77.5.1 The measurements and tests required by 77.1.2 (a) — (c) are to be condueted with a

connected ar

77.5.2 Any @
user-serviced
of power me
measuremen

77.5.3 Befor
minutes (war

BIStor/wattmeter IS connected 10 the points being evaluated.

d operating normally, but with all input signals and external loads disconnectg

ontrols that are accessible to the user (can be adjusted by-the user without
ble parts compartment warning as described in 129.1.1 <129.1.3), that might
asurements, are to be adjusted to maximize the-power reading during
. All internal, factory-only adjustable controls are 40 be left in their factory pres

b any power measurements are conducted,the product is to be operated fq
M-up period) in accordance with 77.5.1.

| load circuits
d.

iolating a no

T‘fect the level

he particular
et position.

r at least 15

77.5.4 1f components of a product show evidence-of overheating during the power measyrements, the

product and

the warm-up
indicators dq
measuremen

77.6 Condug

77.6.1 Unles
voltage-withs

supply is conppleted.

77.7 Multipl

omponents are to be allowed to coolto approximately the level present at the
period described in 77.5.3 before testing is resumed. Overheating may be de
scribed in 74.10.1. Any components suspected of having been damage
s described in this Sectioh.are to be replaced before testing is continued.

ttion of dielectric voltage-withstand test
S it is necessary to'replace components after conducting the tests in 77.1.2(c),

and test deSeribed in 77.1.2(d) need be conducted only after the last test

b-pin‘integrated circuits (ICs)

conclusion of
tected by the
d during the

the dielectric
bn the power

77.7.1 As ar

attermativetobeingsubjectedto thetestsdescribedim 7712 (@) and<c), m

ltiple-pin ICs

located in circuits investigated to test option 4 of Table 77.1 shall comply with all of the following:

a) The circuits shall be supplied from a limited power source (as determined by the Special
Option Tests, Section 73) that is capable of delivering a power of greater than 15 W but not more

than

50 W into an external resistor.

b) All electrolytic capacitors directly connected to the IC shall be provided with a means of
relieving excessive internal pressure.

Exception: Electrolytic capacitors not more than 10 mm in diameter and rated not less than the
DC value of the supply circuit need not comply with this requirement.
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¢) The circuits shall be encapsulated in a material having a flammability classification of not
less than V-2 or be provided with a separate enclosure. If provided with a separate enclosure,
the enclosure shall be constructed of metal or a material having a flammability classification of
not less than V-2. The enclosure shall not be provided with holes or louvers that allow the
circulation of air. Holes for the entrance of wires may be provided if the unused portion of any
hole is not larger than 130 mm? in area. Any hole provided for lead wire but not so used, shall
be closed by metal or by a material having a flammability classification of not less than V-2.

78 Picture-Tube Filament Short-Circuit Test

78.1 Any likely conditions of an internal short-circuit of a picture tube as described in 78.2 shall not result

in the risk of

78.2 Short-cfrcuits that are considered likely to occur are to be simulated by a connectiq
| and a terminal of any other element of the tube such that at least one*heatg
thereof remalns in the test circuit. The heater of any picture tube, except a power-rectifig

heater termi

fire or electric shock.

directly-heatgd cathode, that obtains its heater power from a low-voltage winding-of a powe
is to be short-circuited.

78.3 The test conditions are to be as described in 74.2.1, 74.3.1, 74.4.2~=74.9.1, 74.10.1,

79 Unenclo

79.1 A trans

ed Transformer Short-Circuit Test

shock when a&ll secondary windings are short-circuited. Thrée'samples are to be tested unti

open or until
79.2 The tes
79.3 The tes|
the short-circ
V, 60 Hz, 1-1
Section 71, W

a) P

b) P

seven hours have elapsed.

Lit test, and while in a heatedicondition, the transformer is capable of withstan
hinute dielectric voltage-withstand test described in the Dielectric Voltage-Wit
ith the potential applied\between each of the following points:

imary windings and-secondary windings and

imary windings-and transformer core.

I conditions are to be as described in;Z4.1.1 — 74.4.1, 74.6.1, 74.8.1, and 74.1

n between a
r or a portion
r tube with a
r transformer,

and 74.11.1.

ormer as described in the Exception to 38.2.1(b), shall not result in a risk of fire or electric

the windings

0.1.

t is to be followed by a dielectric’voltage-withstand test. It is to be determined that, following

ling the 1000
hstand Tests,
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80 Multiple-Voltage Product Test

80.1 A product having a supply-circuit voltage selector is to have its voltage selector set in any marked
supply-circuit voltage position with the product connected to any one of the rated supply circuits. The
combinations of selector settings and supply circuit to which the product is connected is to be that which
develops the most severe operating conditions. The test conditions are to be as described in 74.2.1,
74.31, and 74.4.2 - 74.11.1.

80.2 An externally operable voltage-selector switch is to be operated for 50 cycles — 25 cycles while the
product is connected to the minimum rated supply voltage, and 25 cycles while the product is connected
to the maximum rated supply voltage. The test conditions are to be as described in 83.4.

81 Part Disdonnection and Component Handling Arcing

81.1 With the product operating as described in 69.2.1 — 69.2.3, a conductor, compenent, or lead that
may becomg disconnected or displaced during shipping or moving of the product or that may be
disconnected or displaced during normal operation or user-servicing inaccordance with 31.2.1
(Component handling) shall withstand the arcing test in 81.2 and 81.3 without, producing a|risk of fire or
electric shock.

81.2 The commponent, lead, or connector is to be brought into contact_ with any part of diffgrent potential
with which cgntact is likely to be established. If the contact results\in arcing, the arc is to Qe maintained
for 15 minutps. A material that has not been investigated @nd’ determined to be acceptable as an
insulation cam be considered conductive. A material located-between the lead or connectorf and the part
of different gotential in the path of possible electrical bfeakdown is to be subjected to the arcing to
determine if @any ignition can be produced. There shall.not be opening of the ground fuse|or flaming or
glowing of arly material for more than 30 seconds following the discontinuance of the arcing.

Exception: A condition established only as a resuilt of user-servicing of the product and tha{ results in the
disabling of 3l the intended functions of the product is acceptable.

81.3 The tesft conditions are to be as described in 74.2.1, 74.3.1, and 74.5.1 — 74.7.1, and|74.11.1.
82 Cable Arging Test

- or multiple-canductor remote cable as described in 35.10.2(d)(2) shall withstgnd the arcing
in 82.2 and. 82.3 between conductors and between any conductor and gfound without
producing anly conditions-that involve risk of fire.

82.2 The cable is'1{0 be connected to the product and to the remote unit in the intended |manner. The
insulation of |eng™“of the conductors is to be removed to expose the bare conductor fof a length of
approximately—- : i i i Tt i bared portion
of the conductor. An ordinary straight brass pin connected to a conductor of opposite polarity or to ground
return, is to be touched repeatedly, during a 15-minute period, to the bared conductor in an attempt to
cause arcing.
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82.3 The test conditions are to be as described in 74.2.1, 74.7.1, and 74.11.2, and the surgical cotton is
not to be ignited.

83 Relay Endurance Test

83.1 A relay as specified in 36.11.1 shall perform acceptably when subjected to 25,000 cycles of
operation making and breaking the normal current of the product.

Exception: The test need not be conducted on a relay that has previously been tested for 25,000 cycles
of operation using a tungsten load.

83.2 A relay as specified in the Exception to 36.12.1 shall perform acceptably when subjected to 25,000
cycles of op¢rafion making and breaking the maximum, steady-state (rms) current thaf.the receptacle
controls, basgd on the marked receptacle rating. A tungsten load is to be connected to the’teceptacle for
the test.

Exception Ng@. 1: The test need not be conducted on a relay that has been tested for 25,000 cycles of
operation using a tungsten load equal to or greater than the marked receptacie rating.
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Exception No. 2: The test need not be conducted when the receptacle is marked for a specific product
and it can be determined that the peak inrush current controlled by the relay does not exceed the relay
current rating in amperes (rms) times 1.414.

83.3 If a relay controls both the product supply circuit and a supply-circuit-connected receptacle, then the
loading conditions prescribed in 83.1 and 83.2 are to be simultaneously applied during the testing.

83.4 To determine if the control device performs acceptably in the tests mentioned in 80.2, 83.1, and
83.2, the product is to be connected to a grounded supply circuit. During the test, exposed dead-metal
parts of the product are to be connected to ground through a 1-ampere plug fuse, and the connection is
to be such that any single-pole, current-interrupting device is located in the ungrounded conductor of the
supply circuit. If the product is intended for use on direct current, or on direct current as well as alternating

current, the gxposed dead-metal parts of the product are 1o be connected so as o be posiiije with regard
to a single-pdle, current-interrupting control device. The device is to be operated at a rate.6¥hot more than
10 cycles pef minute. A faster rate of operation may be used if agreeable to all concerned, Electrical or
mechanical Qreakdown of the control device, undue burning or pitting of the contacts, or opening of the
fuse in the gounding connection is not acceptable.
84 Test on $olid-State Switches
84.1 Abnormal operation
84.1.1 A profluct containing any solid-state component or deviCe‘that functions as a powen on/off switch
is to be subjécted to the following tests in the order given. Results of the normal operation| overvoltage,
and undervoltage tests are acceptable in each case if the ‘praduct operates as intended thrpughout.
a) Nprmal Operation — Fifty cycles of operation consisting of making and breaking|the actual or
rated| output load.
b) Oyervoltage — Fifty cycles of overveltage while connected to an input of 110 pefcent of rated
input|voltage and to actual or rated output load.
Exception: A solid-state component or device that functions as a switch that is noficonnected in
the supply circuit, controls.a power of 50 watts or less, and is constructed and connected so that
no risk of electric shoek  will result if the switch malfunctions need not be subjected to the
overyoltage test.
¢) Undervoltage-= Fifty cycles of undervoltage while connected to an input of 85 pefcent of rated
input|voltage, and to actual or rated output load.
d) Vpliage Surge — Fifty random applications of a 3.5-kilovolt surge impulse &t 60-second
intervaftsasdescribedim84-2 1 Resultsare acceptable if there s o trippingof Titcuit protection,
if there has been no fire or development of a source of electric shock, as described in 74.1.1 —

7431, 74.42 — 74.7.1, and 74.10.1, and if the switch operates as intended for 50 cycles of
operation with the product connected to a supply of rated voltage.

84.2 Voltage surge

84.2.1 The sample is to be connected to a supply of rated voltage. The grounding lead or terminal, if
provided, of the sample is to be connected to the supply conductor serving as the neutral. The sample is
to be in the on condition and is to be subjected to 15 surges from a 0.005-microfarad capacitor, 15 surges
from a 0.05-microfarad capacitor, and 20 surges from a 0.5-microfarad capacitor.
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84.2.2 Thec

ircuit for performing the surge test is to be as illustrated in Figure 87.1 except:

a) Cq4 — Three dump capacitors are to be used having capacitance values of 0.005 microfarad,

0.05

microfarad, and 0.5 microfarad, respectively, and

b) V4c — 3.5-kilovolt, direct-current source of supply.

85 Loudspeakers and Loudspeaker-Crossover Combinations

85.1 If more than 15 watts of DC supply power are supplied to the last audio amplifying device (transistor,
integrated circuit, or the like) and the maximum undistorted audio output power (64.3) to the loudspeaker
(or loudspeaker-crossover combination, if supplied) is greater than 2 watts, the following tests are to be

conducted:

a) U

b) L
short
short

c) D

85.2 To detd
described in

86 Leakage

86.1 A prod
exposure for

86.2 To detd
to be heated
conditioning.

nreliable-component, short-circuit tests on the following:

1) The last unreliable-component located before the loudspeaker (or
crossover combination, if supplied) and

budspeaker voice coil short-circuit test — The vaqiCe coil of a loudspea
Lcircuited (or the voice coil of each loudspeaker in@ multi-loudspeaker system
Lcircuited).

electric voltage-withstand tests — The prodict is to be tested as described in 7

rmine compliance with the applicable-tests required in 85.1, the product is to
y4.2.1,74.3.1,74.42 - 74.11.1, and-77.5.1 — 77.5.4.

Current Test After Humidity Conditioning

ict shall comply with the' requirements for leakage current in 67.2.1 — 67
48 hours to air having a relative humidity of 88 +2 percent at a temperature of

rmine whether(a product complies with the requirement in 86.1, a sample of {
to a temperature just above 34°C to reduce the likelihood of condensation of m
The heated.-sample is to be placed in the humidity chamber and is to remain

under the conditions(specified in 86.1. Following the conditioning, the sample is to be tested

as described
(c). The test

in 67:2.3(a). The sample is then to be energized and tested as described in 6
s.10, be discontinued when the leakage current stabilizes or decreases.

2) Each unreliable-component located in the crossover network (if supplied).

oudspeaker-

~

ker is to be

s to be singly

7.1.2(d).

be tested as

2.3 following
32 +2°C.

he product is
bisture during
for 48 hours
unenergized
7.2.3 (b) and

87 Voltage Surge Test

87.1 The complete product is to be tested in accordance with 87.2 — 87.7.

87.2 The circuit for performing the voltage-surge test is illustrated in Figure 87.1.

87.3 The product circuit is to be subjected to the voltage-surge test between the following parts:

a) The two blades of the attachment plug. The on-off switch, if provided, is to be in the off

positi

on.
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b) Both blades of the attachment plug connected together and any other connectors or terminals
(with the connectors or terminals connected together) that are intended to accommodate a signal
from a cable or an antenna (such as a VHF, UHF, FM, or cable-TV terminal). The on-off switch,
if provided, is to be in the on position.

87.4 For the voltage-surge test, the complete product is to be placed on a tissue-paper-covered softwood
surface and is to be covered with a single layer of cheesecloth.

87.5 The circuit specified in 87.3(a) is to be subjected to four discharges from a 0.1-microfarad dump
capacitor, charged to a direct-current voltage of 6 kilovolts with an interval of 5 seconds between
successive discharges.

87.6 The cirduits specified in 87.3(D) are 10 be subjected 1o four discharges from a 0.0T-micjofarad dump
capacitor, chiarged to a direct-current voltage of 10 kilovolts with an interval of 5 secdnds between
successive d|scharges.

87.7 As a repult of the surges, there shall not be:
a) Glowing or flaming of the cheesecloth or tissue paper,

b) ankage current in excess of 0.5 milliampere from accéssible conductive pafts when the
product is tested in accordance with the leakage-current test described in 67.2.1 — p7.2.3, or

¢) Npncompliance with the dielectric voltage-withstand test (for primary to accessibfle conductive
parts) when the product is tested in accordance<with the Dielectric Voltage-Withstand Tests,
Sectipn 71.
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Figure 87.1
Circuit for voltage surge test
T F S
L ® ® e
®
> <
=2 pn
Vac > < P - Vdc
= S Cd
‘ —
S2144

Vae - 120-V, 60-Hz, 30-A voltage source.
T — Optional isolation transformer for pulse blocking, 120 V, 3 kVA, minimum. Adequatg isolation
must be provided to prevent the pulse from entering the supply source and breakirjg down
wiring, switches, receptacles, and the like.
= POg fuse rated 30 A, 125 V-

L - Choke consisting of two coils of 16 AWG (1.31 mm?) solid film coated copper wire wound on
insulating tubes placed on an approximately 80 by 90 by 15 mm ferrite core from a color
television receiver horizontal output transformer (spacers between core pieces removed). Each
coil is to consist of approximately 2.3 m of wire wound into 30 turns. The two coils are to be
connected in circuitry such that the magnetic flux is adding, thereby producing an effective
inductance and resistance of each coil of approximately 3 millihenries and 0.03 ohms,
respectively.

P - Product — see 87.3 for connection to test circuit.
S - High-voltage switch.
Cyq - Dump capacitor having a capacitance value of 0.1 or 0.01 pF as specified in 87.5 or 87.6.

Ve - 6-kV or 10-kV, direct-current source of supply as specified in 87.5 or 87.6.
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88 Battery and Battery-Circuit Tests — Electrical

88.1 Battery

overcharge

88.1.1 A fully-charged, rechargeable battery provided with or recommended for use with a product is to

be overcharg

ed for a period of 7 hours:

a) With the product charging circuit adjusted for the maximum charging rate, and again

b) With any single junction or part of an unreliable component or electrolytic capacitor in the
charging circuit either short-circuited or open-circuited.

88.1.2 The t¢si conditions are 10 be as described in 74.2.1, 7431, 7442 =74.7.7, 74707

and, in additi

88.2 Battery| discharge test

88.2.1 Shor
recommende|
89.3.1.

89 Battery T

89.1 Battery| drop

89.1.1 Each
a height of O
producing an

89.2 Battery| oven

89.2.1 A full
temperature-
described in

89.3 Battery] test results

89.3.1 Ther

a) The battery case cracks,

bn, shall not result in any of the unacceptable conditions described in 89.3:1"

-circuiting of the terminals of a fully charged rechargeable\battery pro\
i for use with a product shall not result in any of the unaccéptable conditions

ests — Mechanical

of three samples of a fully-charged, rechargeable battery is to be dropped thrg

y of the unacceptable conditions described in 89.3.1(a) — (c).

/-charged, rechargeable battery that uses a polymeric case shall withstand
Stability tests describeduin 98.2.1 without producing any of the unacceptab
B39.3.1(a) — (c).

bsults of the-tests are considered unacceptable if one or more of the following

and 74.11.1,

ided with or
described in

e times from

.9 m onto a hardwood floor in the position most likely to produce adverse rgsults without

either of the
le conditions

results occur:

b) B

attery efectrotytetfeaksfronT the tase;
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c) The battery explodes, and
d) A printed-wiring board conductor or individual wire opens to terminate the test.

90 Battery Supply Short-Circuit Test

90.1 To determine the acceptability of the rating of the fuse or protective device described in 42.5.1
(Battery-circuit fuse), the product is to be connected to the storage battery (if provided with the product)
or a test supply of rated voltage that has a 30-A minimum capability. Using the intended connecting

means, the product is to be evaluated according to 90.2 and 90.3.

90.2 A battery-supply cord is to be short-circuited at any point on the cord, but not within

13 cm of the

battery-conngciing means, without resulting in the risk of fire.

90.3 The praduct is to be evaluated for the risk of fire in accordance with the Power Supply 1
77.

90A Ground Printed-Wiring Board (PWB) Trace Test

90A.1 One sample of the product shall be subjected to the following short’circuit test. The
for the test circuit shall be calibrated to supply 200 A under short circuit conditions for a pr
input rating up to 9.8 A at 120 V, or 4.9 A at 240 V, or 1000 A undet short circuit conditions
with an input|rating more than 9.8 A at 120 V or 4.9 A at 240/~ The voltage of the test ¢
either 130 of 260 V depending on the nominal voltage marked on the equipment. A 1
cartridge fus¢ with a rating of 20 A shall be connected in*Series with the grounding circuit
For equipmept with a detachable power supply cord,-the test circuit is to be connected
ground pin ¢f the motor attachment cap and the 'RWB trace being tested. For equig
non-detachabple power supply cord, the test circuit.isito be connected in series between the
the power sypply cord attachment plug cap and-the PWB trace being tested. Surgical ¢
placed outside the openings in the enclosureyof the equipment. The test is concluded w
circuit test current is interrupted.

90A.2 The tgst results are considered_unacceptable if:

a) The ground PWB trace becomes damaged,

b) T
and

ere is damage-to the product which would result in contact between the grou
bare live part, or

c) The surgical cotton ignites.

[ests, Section

bower source
bduct with an
for a product
rcuit shall be
onrenewable
being tested.
between the
ment with a
ground pin of
ptton is to be
nen the short

hding circuit
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91 Strain Relief Test
91.1 Power-supply cord

91.1.1 The attachment of the power-supply cord to the product shall be capable of withstanding a force
of 150 N applied to the cord as described in 91.1.2.

91.1.2 The force is to be applied by a steady pull of 150 N. With the chassis in the cabinet in the intended
manner, the force is to be applied from any angle possible. Three samples are to be tested. The minimum
average time of holding is not to be less than 15 seconds, however, one sample may hold for less than

15 seconds, but not less than 5 seconds.

91.1.3 Ther

a) The insulation or covering on the flexible cord is cut or torn,

b) The bushing slides through the hole in the chassis or enclosure,

c) C

d) A
perfo

e) Sfrain is placed on internal connections during the\holding time.

91.1.4 As an
applied for 1

91.1.5 If the
or91.14ist

91.1.6 If an

the cord shal
for connectio
are as descri

PSuUlts of the test are not acceptable It one or more of the tollowing conditions

bmented-on bushings slide on the cord,

N interlock connector is separated from the product or is damaged so that it dg
rm its intended function, and

alternative to the test method of 91.1.2, ofie sample can be tested if the forg
minute.

ntegrity of the strain-relief means is*"dependent upon a polymeric material, the
b be conducted before and afterceither of the temperature-stability tests descri

hudio-input connection cord\is permanently attached to a separately enclosed
withstand a force of 40 N,Jor a force of 150 N for separately enclosed loudspea
h to an audio amplifier not limited in accordance with 70.1. The test method a
bed in 91.1.2 — 915,

pCcur:

es not

e of 150 N is

testin 91.1.2
bed in 98.3.1.

loudspeaker,
kers intended
hd evaluation
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92 Power-Supply Cord Push-Back Relief Test

92.1 To determine compliance with 24.9.1, a product is to be tested in accordance with 92.2 without
occurrence of any of the conditions specified in 24.9.1 (a) — (e).

92.2 The power-supply cord is to be held by the fingers 25 mm distant from the point where the cord
emerges from the product. It is then to be pushed back with casual force (see Figure 92.1). The force is
to be applied until the cord is buckled; however, in no case is the force to exceed 25 N.
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Figure 92.1

Power-supply cord push-back/strain-relief evaluation

LOCKING DEVICE

CASUAL
FORCE

-

L—l INCH——|
26 mm
SUPPLY CORD

OR_LEAD

LOCKING DEVICE

SB1683A

93 Interlock| Strain Relief Test

93.1 Before

———BUCKLING

and after the temperature-stability test (98.2.1 — 98.3.1), an appliance

CASUAL
FORCE

coupler and

motor-attachfnent plug cap of an interlock ;assembly shall be tested in accordance with 93.2 and 93.3.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

142B AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 DECEMBER 19, 1996

No Text on This Page



https://ulnorm.com/api/?name=UL 1492 2019.pdf

APRIL 30, 1996 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 143

93.2 Aforce is to be applied to the cord by a steady pull of 150 N. With the enclosure placed in the normal
manner, the force is to be gradually applied and held at 150 N for 1 minute in the direction that is most
likely to cause unacceptable results. The two pins of the connector base are to be electrically connected
together. The resistance of the interlock connection, as measured between the blades of the attachment
plug is to be measured both before and after the 150 N pull has been applied to the power-supply cord.

93.3 After application of the 150 N force described in 93.2, the increase in resistance of the connection
between the blades of the interlock shall not exceed 0.2 ohm.

94 Separable-Connector Cycling Test
94.1 A separable-type connector (one not held to its mating part by a screw, clamp, or the like, and that

does not require the use of a tool T0 accomplish the separafion) shall perform withoul.damage when
subjected to the cycling test described in 94.2.

94.2 The test is to be conducted with the product operating in the intended manner. The cpnnector is to

be made to make and break the circuit at 6-second intervals for:

a) T
risk @

b) Fi

95 Solderless Wire Wrap Connections Test

95.1 General — contact points

95.1.1 Contd
conductor raf
might occur 3

95.2 Unwrapping test

95.2.1 The ¢
unwrapped)

additionally t
but not more
with no cong
unwrapping t

95.3 Strip fq

n cycles, if it is in a circuit not conductively connected to thé.supply circuit, b
f fire or electric shock or

fty cycles, if it is conductively connected to the supply{primary) input circuit.

ct points on solderless wire wrap connections are to produce compression
her than a nick that weakens the_tmechanical strength of the conductor such
s determined by the tests in 952.1 and 95.3.1.

onductor shall be eapable of being sufficiently unwrapped (all turns do ng
o free the wire Afrom the terminal, without breaking. The unwrapping proc

than one unacceptable result occurs, the test is to be repeated on ten additi
uctor fracture. A tool as illustrated in Figure 95.1 may be used in the cq
pst.

rce

ut involving a

br flow of the

that fracture

t have to be
pss shall not

vist or stress the conductor. Five samples are to be tested with no conductor fracture. If one

pnal samples
nduct of the

95.3.1 Using a tool as illustrated in Figure 95.2, the strip force required to displace the complete wrap a
distance equal to the diameter of the wire, is not to be less than 30 N. The stripping force is to be applied
evenly and gradually such that any inertial force is negligible. The clearance between the tool and terminal
is to be such that no binding occurs between the tool slot and terminal. Five samples are to be tested. If
one but not more than one unacceptable result occurs, the test is to be repeated on ten additional samples
with no unacceptable result. Referring to Figure 95.2, the metal ring at the top of the device is intended
to engage the force-producing instrument.
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Figure 95.1
Unwrapping tool

HANDLE

HOLLOW
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Figure 95.2
Typical pull test

20 1|0
1 ]I
TO VICE OR OTHER

CLAMPING MEANS RING TO ENGAGE FORCE SPRING-SCALE
816422 PRODUCING INSTRUMENT

| —

NOTE — All dimgnsions in millimeters

96 Injury to|Persons Test

96.1 Generdl

96.1.1 All products shall be subjected tothe applicable tests described in this Section. A product shall be
subjected to fthe applicable tests alonerand again while placed on any cart or stand that is provided or
recommendef by the product manufacturer.

96.2 Use of [polymeric materials

96.2.1 If polymeric matérials are involved in the construction, the applicable tests describgd in 96.4.1 —
96.11.8 shall|be condugcted both before and after the temperature-stability test described in|96.3.1.
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96.3 Product, cart, or stand temperature stability

96.3.1 A product, cart, or stand using polymeric materials in its construction shall withstand either of the
temperature-stability conditions described in 98.3.1 without any shrinkage, warpage, or other distortion of
the polymeric materials that causes the product, cart, or stand not to comply with 96.3.2 — 96.11.8.

96.3.2 During the temperature-stability test mentioned in 96.3.1, a product intended for use with a
companion cart or stand shall be tested with the product placed on the cart or stand in accordance with
the instructions provided by the manufacturer.

96.4 Wheel or caster securement

96.4.1 A whé¢el or caster shall be capable of withstanding a pull of 22 N as described in_96.4.2 without
being damaggd or pulled free from its securing means.

96.4.2 The pull force is to be applied by a weight, or a steady pull, for a period of 1rmiriute injany direction
made possible by the construction.

96.5 Mechanical stability

96.5.1 Appatatus having a mass exceeding 7 kg shall have adequate stability. In addition, the stability
shall be ensyred when legs or stands supplied by the manufacturer are fitted.

96.5.1.1 Compliance is checked by the tests of 96.5.2, 96.5:2.1, 96.5.3, 96.5.3.1, 96.5.4, 96.5.4.1, and
96.5.5.

96.5.1.1.1 Apparatus whose functionality requires it to'be fastened in place is not required to be subjected
to these testg, and the tests in 96.5.4, 96.5.4.1 and-96.5.5 apply only to:

a) Apparatus with a direct view CRT having a diagonal dimension of 48 cm or greater, or
b) Apparatus, other than a speaker, with a mass greater than 47 kg, or

c) Apparatus other thanta speaker with a mass of 25 kg or more, having a height[of 1 m or
more}, or

d) Apparatus wjthna mass of 25 kg or more in combination with a supplied or recommended
cart ¢r stand with*a total height of 1 m or more.

96.5.1.2 Dur|ng the'tests in 96.5.2, 96.5.2.1, 96.5.3, 96.5.3.1, 96.5.4, and 96.5.4.1 the appafatus shall not
overbalance pndyduring the test in 96.5.5 the apparatus shall not slide.

96.5.2 The apparatus is placed in its intended position of use on a plane, inclined at an angle at 10° to
the horizontal. All doors, drawers, casters, wheels, adjustable feet (levelers) and other appurtenances of
the apparatus are positioned in any combination that results in the least stability. Legs and other means
are blocked to keep the apparatus from sliding. The apparatus is then rotated slowly through an angle of
360° about its normal vertical axis.
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96.5.2.1 If, however, the apparatus is such that, were it to be tilted through an angle of 10° when standing
on a horizontal plane, a part of it not normally in contact with the supporting surface would touch the
horizontal plane, the apparatus is to be placed on a horizontal support and tilted in the most unfavorable
direction through an angle of 10°. The test on the horizontal support may be necessary, for example, for
apparatus provided with small feet, casters or the like.

96.5.3 The apparatus is placed in its intended position of use on a non-skid surface that is at an angle
not exceeding 1° to the horizontal with lids, flaps, drawers, doors, casters, wheels, adjustable feet
(levelers) and other appurtenances in the most unfavorable position.

96.5.3.1 A force of 100 N directed vertically downwards is to be applied in such a way as to produce the
maximum overturning moment, to any point of any horizontal surface, protrusion or recess, provided that
the distance pf that poini to the non-skid surface does nof exceed 75 cm.

96.5.4 The gpparatus is placed on a non-skid surface with lids, flaps, drawers, doprs, casters, wheels,
adjustable fegt (levelers) and other appurtenances in the most unfavorable position.

96.5.4.1 A fgrce as described in Table 96.1 is to be directed horizontally in sdeh a way as t¢ produce the
maximum ovgrturning moment to a point on the apparatus as identified in, Fable 96.1. The flowchart in
Figure 96.1 grovides information identical to that in Table 96.1.

Table 96.1
Values for horizontal forcé test

App#gratus description Value of force Application of fdrce

An apparatug with a direct view CRT A force of 20% of the~weight of the | Applied at any point on the] apparatus

having a diagonal dimension of 48 cm apparatus not exceeding 1.5 m abovq the non-

or greater with a mass not greater than skid surface until the appafatus is

30 kg tipped 15 degrees off vertigal

An apparatug with a direct view CRT 60 N Applied at any point on thef apparatus

having a diagonal dimension of 48 cm not exceeding 1.5 m abovq the non-

or greater with a mass greater than 30 skid surface until the apparfatus is

kg and not gfeater than 47 kg tipped 15 degrees off vertigal

An apparatug, other than a speaker, 60 N Applied at the highest poin not

having a height of 1 m or greater and‘a exceeding 1.5 m above thg non-skid

mass of 25 Kg or greater and not surface until the apparatusiis tipped 15

greater than B#7 kg degrees off vertical

An apparatug, other than a speaker, A force of 13% of the weight of the | Applied at any point on the] apparatus

having a mags greater than'47 kg and apparatus. not exceeding 1.5 m abovq the non-

not greater than 70 kg skid surface until the appafatus is
tipped 15 degrees off vertigal

An apparatug, other than a speaker, 90 N Applied at any point on thef apparatus

having a mags\greater than 70 kg not exceeding 1.5 m abovq the non-
sKidsurface untittheapparatus is
tipped 15 degrees off vertical
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Figure 96.1
Horizontal force test flowchart
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96.5.4.2 Deleted

96.5.5 A table-top apparatus with a CRT or other type of viewing screen having a diagonal dimension of
48 cm or greater is placed on a clean, dry, glass covered horizontal surface such that only the supporting
feet are in contact with the glass. The glass covered surface is then tilted in the most unfavorable direction
through an angle of 10°.

96.5.6 Deleted
96.6 Cart or stand loading
96.6.1 A cart or stand shall be constructed so that permanent deformation or damage that is capable of

resulting in irfjury T0 persons does not occur when it IS subjected 1o a weight that exerts a_force of 220 N
applied for 1 |minute to any appurtenance accessible to a child.

96.6.2 To dgtermine compliance, the force is to be applied through the end ofra 5-cm diameter right
circular cylinder. The force is to be applied to a shelf, drawer, dowel rung suppQrt, or equivIIent part that
is within 75 dm of the floor and will support some or all of a child’s weight. The force is to Ipe applied for
1 minute with the cart or stand at room temperature. The part is not to collapse or break so|as to expose
sharp edges jor produce pinch points that are capable of resulting in injury-

96.6.3 In addition, a cart or stand shall be constructed so that permanent deformation or damage that is
capable of rgsulting in injury to persons does not occur when €ach supporting surface is Igaded, one at
a time, with:

a) Tyo times the specific weight of the apparatus plus 440 N for the surface intended to
suppprt a television.

b) Four times the manufacturer’s specified load or 108 N, whichever is greater, for|all other
suppprting surfaces.

¢) The maximum intended load-specified by the manufacturer for a dedicated stordge area
intenfled to accommodate specific accessories such as media tapes, discs, etc.

96.6.4 The weight is to be applied for 1 minute on each supporting surface with the other supporting
surfaces unldaded.

96.6.5 The tgst is repeated with all supporting surfaces simultaneously loaded for one miniite with:

a) The specific weight of the apparatus for a surface intended to support a television, and

b) Themmanufacturers specified foad-or 108\, whichever is greater, for attothier supporting
surfaces, and

c) The maximum intended load specified by the manufacturer for a dedicated storage area
intended to accommodate specific accessories such as media tapes, discs, etc.
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96.7 Cart or

stand impact

96.7.1 When tested as described in 96.7.2, a cart or stand shall not produce a risk of injury to persons.

96.7.2 A single 7.0 Joule impact is to be applied to any part of the cart or stand and the test method is
to be as described in 98.11.1.

96.8 Handle

strength

96.8.1 When tested as described in 96.8.2 — 96.8.5, a handle or support system shall not break nor shall
there be any breakage of the securing means, including that portion of the enclosure to which the handle

or support sy

stem is attached.

96.8.2 A pro

96.8.3 A car
the cart or st

96.8.4 The W
is to be used

Huct handle or support system shall withstand a force of four times the weight-0

or stand handle or support system shall withstand a force of twice the Combi
hnd and the product.

eight of the product plus a weight that exerts a force of three.times the weight
. The load is to be uniformly applied without clamping over\a 7.5-cm width at

testing the handle. The additional load is to be started at zero and gtadually increased so

value is attai
handle is furr
forcesisto b
with the prod
can be carrie

96.8.5 A han
test load spe

96.9 Wall-, g

96.9.1 When
remain in pla

ned within 5 — 10 seconds and then maintained for-a{period of 1 minute. If
ished on the product, the force is to be distributed)between the handles. The
b determined by measuring the percentage of the product weight sustained by
Lict in the intended carrying position. If a product'is furnished with more than on
d by only one handle, each handle shall be€@apable of sustaining the total tes

dle on a cart or stand is to be tested.inva manner similar to that described in 9
bified in 96.8.3.

eiling-, or rack-mounting securement

tested as described in\96.9.2 and 96.9.3, a wall-, ceiling-, or rack-mounting
Ce and not break, noy shall there be any breakage or damage to the mounting

securing means, including thatsportion of the audio or video product to which the mount

attached.

96.9.2 A wa
installation i
specified, a w
wood studs

I- or ceiling*=mounting system is to be mounted in accordance with the m
structions, using the hardware and construction described. If wall construc

f the product.

ned weight of

bf the product
the center of
that the total
ore than one
distribution of
each handle,
e handle and
load.

5.8.4 with the

means shall
bracket or its
ng system is

anufacturer’s
fions are not

all construction of 9.5-mm thick plasterboard (dry wall) on 38 by 89 mm (nomin
bpaced on 406-mm centers is to be used as the support surface. The hard

applied as s

positioned between the studs and secur

I 2 by 4 inch)
are is to be
s are to be

ed into the plasterboard. An adjustable mounting system is to be

adjusted to the position that gives the maximum projection from the wall. The force is to be applied to the
audio or video product and is to be increased within a 5 — 10 second interval until a load equal to the
weight of the product plus a weight that exerts a force of three times the weight of the product, but not
less than 50 N, is applied to the mounting system. The load is to be sustained for 1 minute.
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96.9.3 A rack-mounted product is to be mounted as intended with the hardware supplied or referenced in
the literature shipped with the product. A force of three times the weight of the product, but not less than
150 N, is to be applied to the top of the product (resulting in a total load equal to the weight of the product
plus a weight that exerts a force of three times the weight of the product), the center of force acting
through the plane located one half the distance between the front and rear of the product. The force is to
be increased within a 5 — 10 second interval until the total load is applied. The load is to be sustained for
1 minute.

96.10 Antenna end-piece securement

96.10.1 An antenna end-piece used to blunt the exposed end of a telescoping or rod antenna (see 31.5.1)
shall be capable of withstanding the test described in 96.10.2 and, if screwed on, shall be capable of

withstanding
room temper
the tests are

96.10.2 The
separation of
minute. The 1
weight or a s

96.10.3 A lo
perpendicula
rod fixed, ang
and not mor
samples sha
seconds.

fhe test described In 96.10.3. Each test is o be conducted on a different sa
ature. If polymeric materials are involved in the end-piece construction orrseg
to be conducted both before and after the temperature stability test described

antenna end-piece shall not become detached from the antenna;Dand there
the telescoping antenna sections, when a force of 22 N is applied to the e
orce is to be applied with regard to the attachment point of the antenna to the
eady pull, along with the major axis of the antenna.

bsening torque as specified in Table 96.2 is to be-applied to the end piece
to the axis of the antenna. The torque is to be applied gradually to the end j
when the specified torque value is reached it is\te be maintained for not less th

| not be less than 8 seconds, and the holding time for any sample shall not b

Table 96.2
Torque values for test

Original*Tiable 96.1 relocated as Table 96.2

Mmple while at
uring means,
in 96.3.1.

b shall be no
d-piece for 1
product by a

in the plane
iece with the
an 5 seconds

b than 15 seconds. Five samples are to betested. The average holding time of the five

e less than 5

End-piece, diameter Torque, newton - meters

6.0 but less than 80
8.0 to 13

0.3
0.6
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96.11 Implosion

96.11.1 A product provided with a picture tube shall withstand the implosion tests described in 96.11.2 —
96.11.8 without expelling pieces of glass exceeding the limits specified in 96.11.5 or 96.11.8.

Exception No. 1: A product provided with a picture tube having a diameter of less than 7.5 cm or
equivalent area need not be subjected to these tests.

Exception No. 2: A product provided with a picture tube having integral implosion protection which, when
mounted in a reliable and conventional manner, is represented by the investigation of the integrally

protected picture tube need not be subjected to these tests.

Exception Nd
including the

. 3. A product provided with a picture tube that is not directly viewed and is fof]
face, as described in 50.3.1 need not be subjected to these tests.

96.11.2 Two
preferred; ho
impact methg

implosion methods are described in 96.11.3 and 96.11.6. The thermal-sho
wever, if an implosion cannot be induced by the thermal-shockymethod, the
d is to be used. If neither method induces the implosion, another,method is tqg

96.11.3 The
tube adjacen
long scratchgs are to be made parallel to the central horizontal axis{of the tube and spaced
area approximately 20 mm wide. The end of an ordinary glass 40dvapproximately 10 mm in

be heated until nearly fluid. The heated end of the rod is to be.passed through a prepared 3
the cabinet apd pressed firmly on the scratched surface ofi{he tube. If implosion does not o
seconds, the|rod is to be withdrawn and cold water is. 10 be poured slowly onto the scra
implosion is pot induced, the process is to be repeated.

thermal-shock method of inducing the implosion is to be,as/follows: the rim

96.11.4 To t¢st the enclosure for the picture-tube implosion by means of the thermal-shock
product is to pe complete with all hardware and covers in place except for access holes req
purposes. A fable-model product is to be placed on a 76-cm high, rigid, table-like test stand.
product is to|be tested standing on the-fléor. A barrier 13 mm thick, 24 cm high, and 2 m
placed on th¢ floor. The barrier is to'bé located at a distance of 15 cm from the plane of t
of the enclosjure. A non-skid surface such as a blanket or rug is to be placed on the floon
product and the barrier.

hlly enclosed,

ck method is
high-energy
be used.

bf the picture

to the seal is to be scratched with a glass cutter, diamond scriber, or hard to¢l. Six 20-mm

to occupy an
Hiameter is to
ccess hole in
ccur within 10
ched area. If

method, the
juired for test
A floor-model
long is to be
he front edge
between the
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96.11.5 A product complies with the picture-tube implosion requirement if after the induced implosion by
means of the thermal shock method there is no glass beyond the barrier.

Exception: Shale, slivers, and other pieces of glass that are deflected or fall by gravity and are not
projected or thrown as a result of the devacuation of the tube shall not be considered when determining
compliance with 96.11.5.

96.11.6 The high-energy impact method of inducing implosion is to be as follows: a 25-mm diameter steel
pin is to be inserted through a prepared hole in the cabinet and caused to rest on the rim of the tube near
the face seal line. A weight that exerts a force of 45 N, or heavier if necessary to induce an implosion, is
to fall from a height of approximately 1.4 m and impact the pin at the end of its free fall. An equivalent
impact can be used. The implosion pin is to be restricted so that its travel on impact is only enough to
induce the infplosion.

96.11.7 To test the enclosure for the picture-tube implosion by means of the high-energy impact method,
the product i$ to be complete with all hardware and covers in place except for access holep required for
test purposeg. A table-model product is to be placed on a 76-cm high, rigid, tablelike test stand. A floor
model produgt is to be tested standing on the floor. Two barriers each 13 mmtthick, 24 cm high, and 2 m
long are to bg placed on the floor. The barriers are to be located at distances 0.9 and 1.5 m ffom the plane
of the front edige of the enclosure, respectively. A nonskid surface such«@s-a blanket or rug ig to be placed
on the floor Heyond the second barrier.

96.11.8 A product complies with the picture-tube implosion reguirement by means of the high-energy
impact methqd if after the induced implosion of the picture tube “all of the following conditiofs exist:

a) There is no single piece of glass having a mass more than 14 grams between thg two barriers,

b) The total mass of all the pieces of glass-between the two barriers is not more than 43 grams,
and

c) There is no glass, except slivers, beyond the barrier that is 1.5 m from the frorft edge of the
enclgsure.

97 Sharp Edge Test

97.1 To detgrmine complianice-with 13.1.1 relating to the sharpness of an edge, the sharp-gdge tester is
to be applied|to the edge in accordance with the requirements in the Standard for Test for [Sharpness of
Edges on Eqpiipment, YL1439. The edge shall be considered unacceptable if the sensing tapes — the two
outer layers + are cut through as a result of the application of the tester.

97.2 The edges\to be subjected to the test specified in 97.1 are those contacted during normal use or
user assemblyof aproductorcartor stand:

98 Strength of Enclosure Tests
98.1 Mechanical tests — general

98.1.1 The overall enclosure and back cover of a product shall withstand the mechanical-abuse tests
described in 98.2.1 — 98.11.4 without resulting in any of the following:

a) Damage that results in the risk of fire as determined by visual examination or, if some question
remains, by operating the product as described in 74.2.1 — 74.4.1 and 74.5.1 — 74.7.1, and
evaluating the results according to 74.10.1;
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b) Damage that results in the risk of electric shock as determined by Electric Shock, Section 12,
and the Dielectric Voltage-Withstand Tests, Section 71; or

¢) Openings larger than those that are acceptable according to Table 18.1.

Exception:

The strength of enclosure tests described in 98.2.1 — 98.16.1 do not apply to separately

enclosed loudspeakers intended for connection to an audio amplifying source limited in accordance with

70.1.

98.2 Enclosure temperature stability

98.2.1 The overall enclosure, installed so that parts involving the risk of electric shock are not accessible,

shall withstafjd either of the temperature-stability conditions described in 98.3.17 without-a
warpage, or any other distortion that results in one or both of the following conditions:

98.2.2 Com
temperature-
user-servicin
to comply wit
Products, Se

98.3 Enclos
98.3.1 The ¢
conducted ag

specified in 1

a) A
so th

within the cell, measureds«at the base of the product, is to be maintained at 60°C. T
connected to a-130 V supply circuit (260 V for a product rated at nominal 230 V) and

to bdg
ope

b) The complete product is to be placed in a circulating-air oven for 7 hours. The

main
encld

terference with the operation or user-servicing of the product and
bncompliance with the criteria specified in 98.1.1.

onent parts such as knobs, windows, and inserts thatcare distorted as a
stability test may be removed in order to eliminate ifiterference with the
h of the product provided that removal of the parts degs not result in inability ¢
n Electric Shock, Section 12; Enclosures, Section 17;'and Double Protection for
Ction 52.

Lre temperature-stability test method
nclosure temperature-stability test megntioned in 98.2.1 can, at the manufacturg
described in either (a) or (b). For.ah Undercabinet product, the product is to b
04.2 and 104.3 and the entire afcove is to be placed in the oven.

sample of the complete ptaduct is to be placed in a cubical unvented test cell

bt the circulation of air within the cell simulates normal room conditions. The ai

ted continuously“for 7 hours while resting on a supporting surface ha

r
apprIximater equal-fo that of the product base and centrally located in the test cell.

ained.at a temperature of 10°C higher than the maximum operating tempsg
sure; measured at the hottest spot on the inside of the enclosure, ung

hy shrinkage,

result of the
operation or
f the product
High-Voltage

r's option, be
b mounted as

and arranged
r temperature
he product is

ing an area
oven is to be

rature of the
er operating

cond

tions, but ot tess tham 70°C T e product is ot to be operatedduring the tes

98.4 Control-button, -knob, and -shaft pull

98.4.1 A control-button, -knob, or -shaft that:

L.

a) Provides the second level of insulation for double protection as described in 52.6(a),

b) Protrudes 6.4 mm or less from the outside surface of the enclosure and provides both levels
of insulation for double protection as described in 52.6(b), or
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c) Protrudes 6.4 mm or less from the outside surface of the enclosure and serves as a barrier to

parts

involving a risk of electric shock

shall withstand for 1 minute, a force of 14 N in any direction, without exposing parts involving a risk of
electric shock or resulting in breakdown of the captivating means.

98.4.2 A con

trol-button, -knob, or -shaft that:

a) Protrudes more than 6.4 mm from the outside surface of the enclosure and provides both
levels of insulation for double protection as described in 52.6(b) or

b) Protrudes more than 6.4 mm from the outside surface of the enclosure and serves as a barrier

to pal

shall withstar
electric shoch

98.4.3 If poly
be conducted

98.5 Overall

98.5.1 Any g
the applicatio

98.6 Enclos

98.6.1 Any ¢
application of

98.7 Pressu

98.7.1 The 6
end of which

98.8 Pressu

98.8.1 Ther

openings or ¢ther nanrigid surfaces of the enclosure unless the parts inside the enclosure

risk of electri

re test method

re test evaluation’for grilles and other nonrigid surfaces

IS Involving a risk of electric shock

d for 1 minute, a force of 67 N in any direction, without exposing parts.invol
or resulting in breakdown of the captivating means.

meric materials are involved in the construction, the test described in 98.4.1
both before and after either of the temperature-stability tests\described in this

enclosure pressure

oint on the overall enclosure of a product, except’the’ bottom, shall withstand,
n of a 90 N force as described in 98.7.1.

Lire bottom pressure

oint on the bottom of the overall enclosure of a product shall withstand, for
a 67 N force as described in 98.7:N

7 or 90 N force is to be applied to the complete product by a 12.5 +0.5 mm diar
is rounded to a 12.5.£0.5 mm diameter hemisphere.

bsults arefo-comply with 98.1.1 and the rod described in 98.7.1 is not to pass

C shock are insulated according to the requirements in this standard.

ving a risk of

r 98.4.2 is to

Section.

for 1 minute,

1 minute, the

neter rod, the

through grille
hat involve a

98.9 Enclos

roo-toadima—for-tigh=vott -

98.9.1 The application of a weight of 23 kilograms for 1 minute to any point on the top of the overall
enclosure of a high-voltage product shall not result in a risk of electric shock or damage to any part of the
product that results in a risk of fire.

98.9.2 The 23-kilogram weight is to be applied by placing the weight on a 50.5 £0.5 mm diameter steel
sphere, so that only the steel sphere is in contact with the enclosure, while the complete product is resting
on a horizontal surface.
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98.10 Enclo

sure bottom loading

98.10.1 The loading described in 98.10.2 is to be applied to the bottom of the overall enclosure of:

a) A table-top product that weighs more than 4.5 kilograms but not more than 35 kilograms or

b) Any product that has one or more handles.

98.10.2 The complete product is to be set on a 50.5 +0.5 mm diameter steel ball resting on a horizontal
surface having dimensions not less than those of the base of the product. A weight that exerts a force of
0.25 W plus 2 kilograms — W being the weight of the product in kilograms — is to be placed on top of the
product directly over the steel ball for a period of 1 minute. Rubber-like and felt materials are to be

removed fror
feet that are

98.11 Impad

98.11.1 The
sphere 50.54

from rest thrpugh the distance required to cause it to strike the top of the enclosure with

impact. For s
to fall as a p
enclosure is 1
of support of
to be removsg
for the steel §
formula:

in which:

his

N supporting feet 1o the exient that they are Tikely 10 be worn off In Service a
not permanently secured to the enclosure are to be removed.

t

impact force applied to a part of an enclosure is to be obtained 'using a solid,
0.5 mm in diameter and weighing approximately 0.5 kilogram, The sphere i

urfaces other than the top of the enclosure, the sphere i§_10 be suspended by
endulum through the distance required to strike the-sdrface with the specifieg
0 be placed so that the surface tested is vertical andvin the same vertical plan

d. During the test, the enclosure is to be placed against a vertical wall. The h
sphere to strike the enclosure with the specified impact force can be computed

he height.€omputed in meters,

lis tlre impact force in Joules,

hd supporting

smooth, steel
to fall freely
the specified
a cord and is
impact. The
b as the point

the pendulum. Parts of the enclosure that may-interfere with the cord of the pendulum are

eight needed
by using the

mis

the mass of the steel sphere in kilograms, and

g is the gravitational constant 9.8 meters/secondf.

98.11.2 For the impact test, a component, such as a knob, a window, a cover, a control shaft, and the
like, that is intended to be in place during normal use is to be mounted in the intended manner.
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98.11.3 The external surfaces of a product enclosure used to reduce the likelihood of contact with live
parts, to complete the enclosure of parts involving a risk of fire, or to enclose a picture tube shall withstand
a single impact of the value specified in Table 98.1. The enclosure parts to be subjected to the impact
test include the top, sides, front, back, windows, covers, knobs, buttons, control shafts, antenna terminals,

jacks, and the like. The enclosure bottom need not be subjected to the impact test.

98.11.4 When considering the results of the impact test, a mechanically weak material or construction,

such as a speaker cone, is not considered to be an acceptable barrier.

Table 98.1
Product enclosure impact test
Enclosure part Impact, Results
joules
Top, sides, back, and front of portable, table-top, or 2 Shall not develop any opening larger thap those
undercabinef| products (includes all parts not specified in the requirements to,reduce tie risk of fire
mentioned b¢low, for example, glass®P?, decorative and electric shock; shall not.¢reate a risi of electric
glass or mirrpr®, LCD, antenna terminals, jacks, and shock. Decorative glass\otr mirror shall ngt be
the like) shattered (either tqtally or in part), broken, or
Top, sides, back, and front of floor-mounted 35 displaced from its,mounting in a manner [that could
(console) prdducts (includes all parts not mentioned result in a skin-facerating injury.
below, for example, glass®P, decorative glass or
mirror®, LCD/] antenna terminals, jacks, and the like)
Picture-tube pnclosure:
CRT > 15pm 7 Shallnot develop any opening larger thap those
75cm < dRT <15 cm 2 specified in 50.3.1 (picture-tube enclosurg opening).
Face of pictyre-tube having integral implosion
protection:
CRT > 15pm ¥ Shall not expel glass particles more than{0.9 m from
75cm < GRT < 15 cm 1 the front edge of the picture-tube enclosyre.d
Transparent indow covering tube face:
CRT > 15pm 7 Shall not result in damage that renders tihe window or
75cm < dRT < 15 cm 1 its mounting means unacceptable for reuse; shall not
crack a tempered-glass window.
Unprotected puttons, controls, knobs, and shafts® 2 Shall not damage the button, control, knqb, or shaft
so that any opening develops larger thar| those
Protected buftons, controls, knobs;afid shatts' 1 specified in the rquuirements to rgeduce tihe risk of fire
Buttons, confrols, knobs, and shafts located within a 0.7 or electric shock; shall not break off any Fonductive
compartmen{ having a nondétachable door or cover part that may fall into the overall enclosufe of the
product, unless the presence of the conductive part
cannot result in a risk of fire or electric shock.
@ A tempered-glass window having a minimum thickness of 4.8 mm need not be subjected to the impact test.
b If a permarfent part of the product limits the impact of the sphere to a lesser value, the lesser value shall be psed.

61965.

¢ To be applied to a part that has an area greater than 0.7 m= or a major dimension greater than 46 cm.
d The impact test is to be conducted as described in the Standard for Mechanical Safety for Cathode Ray Tubes, UL

€ An unprotected control- for example, a button, knob, or shaft — is one that will contact or pass through an infinite plane
placed as close as possible to all top, side, front, or back surfaces with all parts in place.

f A protected control is one that will not contact or pass through the infinite plane discussed in note f.
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98.12 Drop test — portable product

98.12.1 A portable product (see 3.38 and 3.39) shall be subjected to the drop test specified in 98.14.1.

Exception:

Video cameras/camcorders need not be subjected to this test.

98.13 Drop test — portable product power supply and battery charger

98.13.1 A power supply unit intended to be connected to a portable product or any cord-connected or
direct, plug-in battery charger shall be subjected to the drop test specified in 98.14.1.

98.14 Drop test method

98.14.1 Eacll\ of three samples is to be subjected three separate times to the impact that™4

being dropp¢g
most likely to

Exception:
noticeable on
on that samq
samples.

98.14.2 With

surface in a glifferent position for each of the three drops onseach sample. If applicable, the

to be droppe
98.15 Drop

98.15.1 The
flooring mour

mm by 57 mm. The assembly is to rest on.a concrete floor or an equivalent, nonresilient st

98.16 Drop

98.16.1 The

accessibility as described in(18:1.2 — 18.1.4. If live parts become accessible when a previo

sample is su

Exception:
noticeable or
This exceptiq

d through a distance of 0.9 m to strike a hardwood surface (see 98.15\1) in
produce adverse results.

For products employing a CRT — if the CRT cracks, breaks, ant{or evacuates
the CRT face, testing is to be terminated on that sample and-\the acceptability
le are to be judged in accordance with 98.16.1. The test shall continue on 4
regard to 98.14.1, the test is to be conducted So“that the sample strikes

I with batteries recommended by the manufacturer in place.

est — impact surface

hardwood surface specified in 98:14.1 is to consist of a layer of tongue-an
ted on two layers of nominally,, #9-mm thick plywood. The oak flooring is to be
est — results

samples shall withstand the test described in98.14.1 without producing openir

bjected to its first, second, or third drop, the results of the test are unacceptab

For products employing a CRT — if the CRT cracks, breaks, and/or evacuates

the " €RT face, accessibility shall not be judged through openings in the face
n.doés not include damage to the mounting means of a CRT.

bsults from its
the positions

in @ manner
of the results
ny remaining

he hardwood
samples are

d-groove oak
nominally 19
rface.

gs that allow
usly untested
e.

in a manner
b of the CRT.
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98.17 Drop test — number of samples to be tested

98.17.1 If the manufacturer so elects, fewer than three samples may be used. The overall performance
is acceptable upon completion of any one of the procedure paths represented in Figure 98.1. These paths
all result in three acceptable series of drops with no unacceptable results on the first series of drops on
any sample.

Table 98.2
Procedure for enclosure drop test

Table 98.2 relocated as Figure 98.1
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Figure 98.1
Procedure for enclosure drop test

Table 98.2 relocated as Figure 98.1

Path 1 Path 2 Path 3 Path 4
Sample Sample Sample Sample
Series 1 1 2 1 2 1 2 3
First A A A
| i i i
Second ]{ I U U
Third A U A A
Fourth - A U
Fifth - - - A
SA1162A

Arrows indicate sequence of test procedure.
a) A indicates acceptable results for a series (three drops) on a single sample (see the Exception to 98.14.1).

b) U indicates unacceptable results on a series (three drops) for a previously tested sample. Since this is the second or
third series of drops conducted on a specific sample, the results of this series of drops are considered inconclusive and
additional samples must be tested to determine the final results of the drop test.
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99 Alternate Enclosure Material Evaluation

99.1 The acceptability of an alternate polymeric enclosure material of the same generic type can be
judged by the performance criteria indicated in 99.2 and 99.3 and Table 99.1 without conducting a
complete series of product enclosure tests if the same part dimensions apply and if equivalent or better
material properties are demonstrated by standardized small-scale tests on the alternate material when
compared to the same properties of the original enclosure material having acceptable application
performance.
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Table 99.1
Waiving of enclosure tests for alternate materials based on material small-scale test
performance
Product strength of enclosure test consideration Relevant material property?
Loading test (98.9.1 — 98.10.2) Tensile or flexural strength
Pressure tests (98.5.1 — 98.8.1) Tensile or flexural strength
Impact tests (98.11.1 — 98.11.4) Tensile or izod impact
Drop test for portable — product, power supply, battery Tensile or izod impact

Temperature stability test (98.2.1— 98.3.1)

charger (98.12.1— 98.17.1)

Heat deflection®, vicat softening point, or ball
temperature

pressure

2 These relg
Evaluations,

b The heat g

ant material property tests are described in the Standard for Polymeric Materials — Short Term/H
UL 746A.

eflection temperature test is to be conducted using a fiber stress of 455 kN/m2.

roperty

99.2 All alter]

hate enclosure materials shall have:

a) The minimum flammability classification required by Table 20.1\ds determined by tests

desc
and A

b) The same or higher temperature index as the original material, as determined b

assig
Term

99.3 If the of
determining t
salt spray), th

100 Adhesiy
100.1 A proq

the condition
shock or non

ibed in the Standard for Tests for Flammability of Plastic ‘Materials for Parts in
\ppliances, UL 94, and

ned generic thermal index as described in the Standard for Polymeric Materia
Property Evaluations, UL 746B.

ginally tested material was considered acceptable on the basis of special tests
he resistance of the material to ultraviolet light for an outdoor application or wet
ese tests are to be conducted on-the alternate material to determine acceptak

le Securement Test
uct enclosure as described in 17.1.2 or a component as described in 31.4.1 s

ng described in 100:2 without deterioration of the adhesive that results in a 1
-compliance with(the requirement in 17.1.1.

Devices

y tests or
s — Long

(for example,

fing tests and

lity.

hall withstand
sk of electric
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100.2 Two samples of the product enclosure or component are to be conditioned as follows:

a) One sample in an air-circulating oven for 7 days at 100.0 +1.0°C, 14 days at 90 £1.0°C, 21
days at 87.0 £1.0°C, or 60 days at 82.0 +1.0°C and

b) One sample for 7 days in an environment of 85 +5 percent relative humidity at 32.0 £2.0°C.
101 Adhesive-Backed Parts Peel Test
101.1 A part or label of conductive material that is secured in place by an adhesive, and located as

described in 31.4.2, is acceptable if it withstands a minimum peel force of 4.9 N/30 mm width, both before
and after conditioning as described in 101.2.

Exception: The test described in 101.2 does not apply to separately enclosed loudspeakérs intended for

connection td

an audio amplifying source limited in accordance with 70.1.

101.2 Nine samples of the adhesive-backed part or label, each secured to its mounting surface, are to be
tested. Each [part, or label, is to be conditioned as follows:

a) Three of the samples are to be tested in an as-received condition;

b) Three of the samples are to be tested after conditioping for 7 days in a circulating-air oven
operating at 100.0 £1.0°C; 14 days at 90.0 £1.0°C; 21 days at 87.0 +1.0°C; or 60[days at 82.0
+1.09C; and

c) The remaining three samples are to be tested’after conditioning for 7 days in ar] environment
of 85 +5 percent relative humidity at 32.0 +2.0°C.

102 Tablet Flammability Test

102.1 When|a material is tested as described in 102.2, the sample shall not burn further than 5 cm from
the center ofthe tablet.

102.2 To defermine whether a material complies with the requirement in 102.1 it is to be [supported so
that its thinngst outside solid surface of the part to be tested is in a horizontal position. A tablgt® comprised
of hexamethylene-tetraming (CgH1oN4) having a weight of 0.15 +0.02 gram, and having a controlled
burning time jof 105 +5 se¢onds, is to be placed on the thinnest section of the part. The tablet is then to
be ignited with a matchThis test is to be conducted on the thinnest portion of each mateffial used. The
tablet is to bg permitted to burn until it is completely consumed and the material ceases to flame or glow.
If, when testing thin;material such as grille cloth, the tablet burns through the cloth and falls {o the surface
below, the tept.is,concluded when the grille cloth ceases to flame or glow.

BLilly tablets No. 1588 are acceptable for this purpose.
103 Outdoor-Use Wetting Test

103.1 After being subjected to the conditions described in 103.2, the leakage current of a product that is
intended for outdoor use shall not be more than 0.5 milliampere when tested in accordance with the
Product-Leakage and Shock-Current Test, Section 67, if the open-circuit potential between the accessible
part and earth ground or any other accessible part is more than 21.2 V peak.

Exception: The tests described in 103.1 and 103.2 do not apply to separately enclosed loudspeakers
intended for connection to an audio amplifying source limited in accordance with 70.1.
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103.2 The product is to be positioned as in actual service and subjected for 1 hour (not operating) to a
water spray. The water-spray test equipment is to consist of three spray heads mounted in a water-supply
pipe rack as shown in Figure 103.1. The spray heads are to be constructed in accordance with the details
shown in Figure 103.2. The product being tested is to be brought into the area where the water sprays
from the three heads converge (see Figure 103.3) in a position that causes the greatest quantity of water
to enter the product. The water pressure is to be maintained at 34.5 kPa at each spray head. The spray
is to be directed at an angle of 45 degrees to the vertical toward the product. The leakage-current test is
to be conducted immediately upon conclusion of the wetting period and is to be discontinued when the
leakage current stabilizes.



https://ulnorm.com/api/?name=UL 1492 2019.pdf

160

AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492

MAY 17, 2019
Figure 103.1
Water-spray-test spray-head piping
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Figure 103.2
Water-spray-test spray head
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ltgm mm Item mm
\ 310 M 2.88
B 11.0 N 0.80
D 14.0 P 1461
D 14.68 1463
14.73 Q 11451
F 0.40 11153
i c R 6.p5
3 1.52 S 0.80
H 5.0P T 2794
183 U 5 498
3.97 \ 16.0
L 6.35 W 1.52
@ Molded nylon Rain-Test Spray Heads are available from Underwriters Laboratories Inc.
b ANSI B94.11 Drill Size, No. 9.
¢ Optional- To serve as wrench grip.
d ANSI B94.11 Drill Size, No. 35.
€ ANSI B94.11 Drill Size, No. 40.
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Figure 103.3
Convergence of water spray
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104 Undercabinet Product Temperature Test

104.1 An un
risk of fire or
greater than

as applicable

104.2 An alg

to be constru
to be 40 cm

104.3 The U
manufacture
side wall (me

the most seve

Hercabinet product shall not attain a temperature at any part sufficiently high t
, and when mounted in accordance with 104.2 and 104.3.
cted using ngminal, 19-mm, outdoor-grade plywood. The underside of the cabi

hbove the Countertop surface.

ndercabinet product is to be secured to the cabinet surface in accorda

asured from the closest edge of the product). The product is to be located so

to adversely affect any materials used, and shall not attain temperatures at S
hose indicated in Table68.1 when tested under the conditions described in 6§

s installation instructions. However, the product is to be located so that it is 3(

b constitute a
pecific points
2.1 —68.7.1,

ove to simulate.a_typical undercabinet mounting arrangement, as shown in Figure 104.1, is

net surface is

nce with the
cm from the
s to produce

re operating condition that the supplied hardware allows.
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Figure 104.1
Undercabinet product test set-up

30cm

\ —

UNDERcAg)
pRODUC'IN Er

S347

105 Undercabinet Elevated Ambient Test

105.1 Follow
applicable re
Voltage-With

105.2 Anun
the bottom s
surface is to
adjustment is

105.3 The p

SIDE WALL

é BACK WALL

-3

/

COUNTER TOP

66cm

—

(A

ing the conditioning specifiediin 105.3, an undercabinet product shall con
uirements specified for aceessible parts in 18.1.1 — 18.6.2, 19.1, 19.2, and
btand Tests, Section 71,

lercabinet productisito be mounted as specified in 104.2 and 104.3. If the dist3
Lirface of the product and the countertop surface is less than 250 +6 mm, th
be adjusted . dewnward so that the distance is 250 +6 mm. If this distance
necessary:

oductis-to be connected to a supply circuit in accordance with 63.5.1 and e

electric fry p
have a cooki

n-s. 10 be used as the source of heat for this test. The fry pan is to be rate
Ig surface area of 800 — 1000 cm2, and have the cooking surface area located

40cm

hply with the
the Dielectric

ince between
e countertop
S greater, no

nergized. An
i 1200 watts,
5.0-7.0cm

above the countertop surface. The thermostatic control of the fry pan is to be bypassed and a
thermocouple is to be placed in the center of the cooking area of the fry pan with the fry pan located away
from the alcove. The fry pan is to be connected to a variable 60 Hz supply circuit adjusted to produce a
temperature of 200 +5°C at the center of the fry pan as measured by the thermocouple. When the
temperature has stabilized, the fry pan is to be positioned directly below the undercabinet product with the
back edge of the fry pan spaced 25 mm from the back wall of the alcove. The fry pan power supply is
then to be readjusted to maintain the 200 +5°C temperature. The test is to be continued for 1-1/2 hours
at which time the dielectric voltage-withstand test is to be conducted while the product is still in the heated

condition.
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106 Undercabinet Increased Moisture Test

106.1 Following the conditioning specified in 106.3, an undercabinet product shall comply with the
requirements specified for product leakage current in Electric Shock, Section 12, and the Dielectric
Voltage-Withstand Tests, Section 71.

106.2 The undercabinet product is to be mounted as specified in 105.2.

106.3 The undercabinet product is to be connected to a supply circuit in accordance with 63.5.1; but the
product is not to be energized during the test. Leakage current measuring equipment is to be connected
between accessible metal and earth ground, and adjusted to produce the maximum leakage current value.
Leakage current is to be monitored throughout the duration of the test. An electric kettle is to be used for
this test. The[ketfle 1s 1o have a minimum capacily of 1.5 L and a spout opening of 12 — 17 cm2, and the

spout openin

connected to|la 60 Hz variable supply circuit adjusted to produce 1500 watts of inputpewer
is to be filled) with 1.5 L of tap water. The spout is to be positioned to direct steam towarg

center portio
made with th
water. The D
leakage currg

107 Undercabinet Mounting Security Test

107.1 An un
the enclosure
104.3. Adhes

LIQUID CRY
108 Normal
108.1 An LG
display temp
servicing, greg
Exception:

are exposed

marking, suc

109 Electric

is to be located 12 — 14 cm above the countertop surface. The electric

of the product, allowing the kettle to boil dry. A final leakage currenl measure
e product both energized and unenergized, and recorded when 'the kettle has
electric Voltage-Withstand Tests, Section 71, are to be condueted immediately
nt measurement.

jercabinet product shall withstand a downward-vertical force of 90 N for 1 min
temperature stability test described in 98.3.1:when mounted in accordance w
ive alone shall not be used to secure the product.

STAL DISPLAY (LCD) VIDEO PRODUCTS

Temperature Test

D video product, when tested as described in the Temperature Test, Section
bratures on surfaces thatare exposed to the user, either during normal oper,
ater than those indieated in Table 68.1.

[he temperature limits of Table 68.1 may be exceeded on surfaces within the
only during ‘user-servicing of a projection lamp if the product is provided wj

h as that dndicated in 133.2.1.

Shock Test

ettle is to be
and the kettle
s the bottom
ment is to be
boiled off the
after the final

ute, following
ith 104.2 and

68, shall not
htion or lamp

> product that
ith a warning

109.1 Gene

at

109.1.1 During relamping, a user-serviceable fluorescent lamp shall comply with the requirements in
109.2.1 — 109.3.2.
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109.2 Lamp pin measurements

109.2.1 Each end of a fluorescent lamp, in turn, is to be removed from its lampholder, and a noninductive,
500-ohm resistor is to be connected between one of the accessible lamp pins and ground (see Figure
109.1). The current through the resistor shall not exceed the values specified in the second column of
Table 109.1. Measurements are to be made under the following conditions:

a) With a new lamp or lamps and with a conditioned lamp or lamps;
b) With a lamp or lamps that are at room temperature and with a lamp or lamps heated from

normal operation. The measurement in the heated condition is to be made as quickly as possible;
and

C) V\:Iith a lamp or lamps that are deactivated.
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Figure 109.1
Test setup for shock-current measurements

Position of lamp for through—lamp
measurements.® 500

Ohms

Measuring point

.':“ g foryMnetal
1 foil.b

7

C
$2608D Network L Eorth ground

2 See 109.2.1 for lamp position.
b See 109.3.2 for foil measurement conditions.

C See Figure 109.2 for the reaction current network.
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Table 109.1
Shock-current measurements

Maximum current®P (milliamperes peak)
Frequency (Hz) Pin
60 or less 7.07
180 8.17
500 8.64
1000 10.76
2500 15.71
5000 23.02
10,000 or more 43.45¢d

2 Straight-line i
corresponding
b To be calcula
C Impulses gre
note d. Howevd
complex waves
used, the analy
maximum valug
d Impulse peak
may be accept
requirement. C
starting sequen

hterpolation between adjacent values in the table may be used to determine the maximum curren
o frequencies not shown.

ted by determining the peak voltage across a noninductive, 500-ohm resistor when using an oscil

ter than 43.45 milliamperes peak at the lamp pin may be acceptable after further investigation ag
r, for a rapid approximate determination, a wide-band, true rms indicating méter may be used to
hape is below 30.7 milliamperes (rms) at the lamp pin. If a spectrum analyzer and a 1000X atten
zer will display the rms voltage of the various component frequencigs. For frequencies of 10 kHz
of voltage across the 500-ohm resistor is 15.3 millivolts (minust36y3 dBV) at the lamp pin.
s greater than 43.45 milliamperes peak at the lamp pin, includig dynamic modes of operation su
ble if, after further oscilloscope evaluation, the waveform has-been determined to comply with the
nsideration is to include pulse width, height, repetition ahd“rms equivalent, minimum off time suc
ce and likely method of body contact for the particularshock-current measurement.

Joscope.

values

indicated in
letermine if a
ator probe are
hnd above, the

th as starting,
intent of the
asina

109.3 Foil measurement (electronic ballasts)
109.3.1 For gn electronic, ballast-operated lamp, a piece of metal foil 51 mm wide is tg
around the entire circumference of the lamp. The foil is to be moved along the longitudinal ax
as illustrated|in Figure 109.1. A lead from_the foil is to be attached to the reaction current n¢
in Figure 109.2. The measured currentyshall not exceed 0.2 milliampere through the 200-0
the frequency is 60 Hz. When using.an rms-indicating voltmeter, the voltage at the networ
not exceed 4P millivolts (minus-28'dBV), regardless of the frequency.

be wrapped
is of the lamp
ptwork shown
m resistor, if
K output shall

the following

109.3.2 The [measurements.using metal foil as described in 109.3.1 are to be made under
conditions:

a) Nprmalkoperation;

b) Witha—standard-Hamp-ertamps-and-anenergy-savinglamp-ertamps—and

c) For multiple lamps, the other lamp or lamps are to be removed from the ci
deactivated.

rcuit, in turn,
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Figure 109.2
Reaction current network

TO METAL FOIL
AROUND LAMP

Y] U1
200KQ  —__ 200pF

Vin

—/VV\W ®

<0. ~— 0.022uF Vout
AT [60Hz | <2009 INPUT

O O

S3249A

NOTES

1) The current network consists of two portions, R1—C1-R2 represents a body impedance compensation for a single hand grasping
a lamp and contacting a grounded surface with a knuckle, and R3-Co represents a frequency sensitive compensation (or weighting)
where reaction to current and frequency are related.

2) To determine response of an actual network, a signal generator and a voltmeter can be used. The response at selected
frequencies is shown in Table 109.2.
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Table 109.2

Reaction current network attenuation

Attenuation?
Frequency (Hz) Ratio (Vin/Vout) (dBV)
60 1000 -60.0
100 1010 -60.1
500 1207 -61.6
700 1365 -62.4
7000 1656 4.4
2000 2629 -68:4
5000 4353 72,8
10,000 5129 4.2
20,000 5403 -74.7
50,000 5489 -74.8
100,000 5503 -74.8
& Vih = 1 volt gnd dBV = 20 log1q (Vout/Vin). See Figure 109.2.
110 Lamp Rupture Test
110.1 An LCP video product using a medium- or high-pressure lamp shall withstand a test|(for example,

by water or ifpact) that results in lamp rupture without emission of glass particles other tha

110.2 When|conducting the lamp rupture test, the product is to be mounted in its inteng
position.

111 Lamp Particle Ignition Test
111.1 Geneial

111.1.1 In a¢cordance with Exception No. 1 to 48.2, a polymeric material shall be subject
described in [111.2.1 — 111.2.47

111.2 Test method

111.2.1 Three sections of the polymeric material, each a minimum of 51 mm square and of
used in the lamp_cempartment, are to be supported by their outer edges and oriented as t

n dust.

ed operating

bd to the test

the thickness
hey would be

during norma] ‘eperation. A surface located 305 mm below the test samples is to be covered

by a layer of

dry, absorbent cotton that is nominal 6.4 mm.
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111.2.2 During the test, each sample of the material is to be heated to and maintained at the maximum
operating temperature recorded during the Temperature Test, Section 68.

111.2.3 Three quartz test segments, as specified in Table 112.1, are to be preheated to 1100°C for a
minimum of 15 minutes.

111.2.4 Each quartz test segment is then to be placed on the material such that the longitudinal axis of
the cylinder is perpendicular to the plane of the barrier. The transfer of each test segment from the oven
to the surface of the material shall not exceed 2 seconds.

111.2.5 The results are considered acceptable if, during the testing of the samples, the dry absorbent
cotton located below the test sample is not ignited by flaming drips of the polymeric material or any quartz
test segment[that penefrates the material and falls on the coffon.

112 Glass Thermal Shock/Containment Test
112.1 Geneinal

112.1.1 In agcordance with Exception No. 2 to 48.2, a glass material shall be subjected to the glass
thermal shock/containment test described in 112.2.1 — 112.2.3.

112.2 Test method

112.2.1 Each of three samples of the glass to be tested is to e Supported by its outer edgeqg and oriented
as it would be during normal operation. The glass is to be*tnaintained at a temperature of 45 +5°C.

112.2.2 Thrge quartz test segments, as specified in Table 112.1, are to be preheated to [1100°C for a
minimum of 15 minutes.

Table 112.1
Quartz test segments
Lamp Wattage Outer, diameter, mm Wall thickness, mm Length, mm
400 dr less 21.6 1.24 6l4
greater than 400 25.8 1.9 14.7

112.2.3 Each quartz segment is then to be removed from the oven and, within 2 seconds, placed on the
thinnest part of each_glass. Each quartz segment is to be placed on the glass such that the longitudinal
axis of the sggment s perpendicular to the plane of the glass.

112.2.4 The [results are acceptable if none of the samples of the glass material shatter or grack.

113 Ozone Test

113.1 An LCD product that produces ozone during normal operation shall not produce an average,
time-weighted concentration above background in excess of 0.1 parts per million, nor a transitory
concentration of more than 0.3 parts per million, when tested in accordance with 113.2 and 113.3. The
average, time-weighted concentration shall be considered as the average concentration over an 8-hour
operation period.
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113.2 Ozone concentration measurements are to be made at all probable operating positions with the
product installed in the center of a closed room of approximately 28.3 m3 - 2.44 by 3.70 by 3.05 m high.
The product is to be operated with controls adjusted within the range of intended operation so as to
produce maximum ozone. The test room is to be at normal temperature and relative humidity, and there
is not to be circulation of air other than that resulting from product operation.

113.3 If operation of the product is possible with any of its fans not functioning, the test described in 113.1
is to be repeated with the various components not operating, to determine whether these conditions result

in ozone concentrations above that specified in 113.2.

114 Ultraviolet Radiation Test

114.1 Produ
ultraviolet ra
Exposure Ind

114.2 When
user-serviced
of ultraviolet
115 Abnorm
115.1 An ele

a) F

b) F
deac

115.2 If a s¢
normally, the

115.3 There
separately:

a) S
b) S

c) Bl
being

Fts that produce ultraviolet radiafion shall comply with the recommended
liation as specified in the current edition of the Threshold Limit Values™a
ices issued by the American Conference of Governmental Industrial Hygienist
determining compliance with 114.1, all removable parts, such as leases and fi
ble are to be removed from the product if their removal results innan increase
radiation exposure to the user.

al Operation Tests

ctric-discharge, lamp-supply circuit shall be subjected to the following tests:

br a rapid- or instant-start circuit, the test is to<be conducted with a deactivateq

br a preheat circuit, the test is to be condueted with either the starter short-circui
ivated, so that maximum heating willresult.

miconductor component can be short-circuited but the lamp supply would apps
component shall be separately shorted.

shall be no evidence of /a risk of fire, electric shock, or injury to persons 4

mulating belt of blade breakage of a fan or blower assembly that ventilates th
alling the(rotor of a drive motor, fan motor, or the like.

pcking the ventilation path. Ventilating openings that are subject to the accumu
placed on a rug, being positioned against drapes, or other similar circumstan

uidelines for
d Biological

o

ters, that are
n the amount

lamp.

ed, or a lamp

ar to operate

s a result of

b lamp.

ation of dust,
ces are to be

cove
such

©d, one surface ata time, withrthree fayers of theesectottrtoosety drapedover
that the cheesecloth covers 100 percent of the opening areas.

he openings,

115.4 When conducting the tests described in 115.3, products that include a projection lamp that may be
independently switched on and off shall be tested with the lamp both energized and de-energized. If the
lamp burns out during the test, the test is to be continued without replacement of the lamp. A new lamp
is to be used for each test.

115.5 To determine whether a product complies with 115.1 — 115.4, it is to be tested as described in
7411 -7431,74.42 -749.1,74.10.1, and 74.11.1.
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HIGH-VOLTAGE PRODUCTS

116 X-Radiation Test

116.1 The x-radiation of a product when measured as described in 116.2, shall not exceed a dose rate,
averaged over an area of 10 square centimeters, of 0.5 milliroentgen per hour at any external location 5

cm from the outer surface of the overall enclosure of the product.

116.2 X-radiation measurements are to be made under the following conditions:

a) The product is to be complete, except that mechanical parts that need to be removed during

user-servicing can be omitted if they are not necessary for the functioning of the

product, not

expofed to view during normal operafion, and not held caplfive by a chain, hinge, |
the like.

oose rivet, or

b) The voltage of the supply circuit is to be 130 volts if the rating of the praduct is within the range

105 + 130 volts, and 260 volts if the rating of the product is within the range 210 —

c) After measurements have been made with the supply voltage specified in (b
volta

x-radjation.
d) Al user adjustments [see 15.1(d)] are to be positioned’to cause maximum x-ra
proddict operation with sound volume at any level, including no sound, and a usa

usable picture consists of a display that is in synchrehization and in which the pictu
shapg (distortion), contrast, brightness contentfcand the like may be at any leve
intelligence.

e) In| addition to the adjustments described in (d), all controls, regardless of locati
adjugted for maximum x-radiation .duying product operation with sound volume
inclugling no sound, and a usable picture. Service adjustments (adjustments provid
the groduct performance) that.are marked on the product or in the product se
incluﬂng those that involve the/removal of components, the cutting of circuit condu
of jumpers, and the liketare to be considered as service controls and adjusted
radiafion.

f) In]addition to_the adjustments described in (d) and (e), all of the component
(open-circuiting,.change in value beyond tolerance limits, or short-circuiting) of wh
the xtradiation)emission of the product are to be faulted one component and one f
unlegs the“faulting results in an unusable picture. The adjustments described in (d)

be mpde)before and after the component faulting is introduced.

260 volts.

), the supply

je is to be adjusted to any other voltage within the mentiened ranges that resuilts in greater

fiation during
ble picture. A
re size, color,
| of viewable

on, are to be
at any level,
ed to change
rvice manual
ctors, the use
for maximum

5 the faulting
ch increases
ault at a time
nd (e) are to

g) For a multiple-function product, measurements are to be made with the product
of normal operation, such as one with a video-tape playback unit operating at a
speeds that produces a usable picture.

in any mode
ny one of its

h) When measuring x-radiation, picture information is to be injected into the product through the

antenna terminals by means of a signal generator. The picture display is to be an
National Television Standards Committee color bar, or equivalent test pattern.

Indian head,


https://ulnorm.com/api/?name=UL 1492 2019.pdf

APRIL 30, 1996 AUDIO-VIDEO PRODUCTS AND ACCESSORIES - UL 1492 171

117 Arcing Test

117.1 With the product adjusted as described in 69.2.2 and 69.2.3, a part operating at more than 2500
volts peak and a part of different potential shall withstand the arcing test described in this Section without
producing a risk of fire or electric shock.

117.2 In applying 117.1, a part that is not reliable insulation with regard to the temperature, voltage, arc
tracking, and the like involved need not be subjected to the arcing test if the spacings specified in 117.7
are provided.

117.3 If an isolating power transformer is used in the product and arcing involves a part connected to the
supply circuit, the test is to be conducted both with and without one side of the line connected to the
chassis.

117.4 The test conditions are to be as described in 74.2.1, 74.3.1, 74.4.2 — 74.7.1, and74.10.1 — 74.11.2.

117.5 All combustible parts operating at more than 2500 volts peak, and all cembustible p
all or part of @n enclosure of a part operating at more than 2500 volts peak, areto be condit

arts that form
ioned for 168

hours in a full-draft, circulating-air oven at a temperature 20°C highér_than the nor
temperature, [but not less than 70°C. The oven is to maintain a tolerance of +2.0°C.
mentioned apove refers to the individual enclosure of the high-valtage part and not t

al operating
e enclosure
the overall

enclosure (cabinet) of the product. If, during the conditioning mentioned above, wax or other materials

melt out of t
on samples that have been conditioned for 168 hours.

parts, the arcing test is to be conducted on samples in the as-received condjtion and also

117.6 The afc, using the energy available from the pafts involved, is to be established|between the
high-voltage part and any adjacent part of different potential where breakdown is likely to occur. See
117.7. The afc is to be used to attempt to ignite materials forming parts of the high-voltage enclosure or
to ignite materials located between the parts of different potential. The arc is to be establisHed by means

of a conductiye probe. The conductive probe(s to be used to break through insulation (exc
investigated wire insulation) or to createrarc tracking across the surface of insulating
example, tube sockets, terminal boards,.or the like). The arc length developed with the p
exceed the gpacing specified in Figure 117.1. The arcing is to be continued for 15 min
location. During the 15-minute period, the arcing may be stopped at any time by disconneg
the product gnd the time of flaming measured. If the flame self-extinguishes in less than 30
re-established and continued for a total arcing time of 15 minutes.

117.7 Break@lown shall be considered likely to occur between a high-voltage part and an ad
different potetial, if the over-surface or through-air spacings between the parts are less than

pt previously
materials (for
obe is not to
utes at each
ting power to
seconds, the

jacent part of
those shown

in Figure117]1. The arc-tracking characteristics of insulating materials are to be determined by the tests

described in the ‘Standard Test for High-Voltage, Low-Current, Arc Resistance of Solid Electr

cal Insulating

Material, ASTMD495:

117.8 A spark gap or a gaseous discharge tube can be used as a means of preventing electrical
breakdown in other parts of the circuit if, upon investigation, it is determined to be acceptable.


https://ulnorm.com/api/?name=UL 1492 2019.pdf

