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INTRODUCTION

1 Scope

1.1

These requirements cover closed-circuit television equipment that:

a) Are intended for commercial use on supply circuits as defined in the National Electrical Code,
NFPA 70; and

b) Receive their signals from a video-recorded medium or image-producing devices in a closed-
circuit television system.

1.2 These
receiving, -p

1.3 These
circuit televis

Irlequirements cover closed-circuit television equipment — such as video tape rec

ocessing, -recording, -producing, and -amplification equipment; video cameras;

requirements also cover auxiliary equipment and accessories intended for use
jon systems.

1.4 These fequirements also cover portable closed-circuit television equipment of the type

1.2 that are
means.

intended for use with a vehicular, marine, or any other battery circuit as the

1.5 These fequirements do not cover video monitors, as these‘products are covered by thg

Information 1
for Audio/Vid
UL 62368-1.

echnology Equipment — Safety — Part 1: General Requirements, UL 60950-1 or
eo, Information and Communication Technelogy Equipment — Part 1: Safety R

1.6 These fequirements do not cover video cameras with integral electronic viewfinders.

1.7 These

with video pif
those produ
Standard for

1.8 Commsd
signals and
Communicat

1.9 Acartd
Household, (

requirements do not cover tape-head demagnetizers or bulk tape erasers intg
oducts and do not cover genéral-purpose tape-head demagnetizers or bulk tag
tts are covered by the ‘requirements for household and commercial tape red
Commercial Audio Equipment, UL 813.

rcial video products provided with a means for receiving commercially broag
household «ideo products are covered by the Standard for Audio/Video, Inf
on Technolegy Equipment — Part 1: Safety Requirements, UL 62368-1.

r stand that is not intended to be used with a specific product is covered by the
Commercial, and Professional-Use Carts and Stands for Use with Audio/Video E

brders; video-
and the like.

with closed-

5 described in
power supply

Standard for
the Standard
equirements,

nded for use
e erasers, as
orders in the

casted video
prmation and

Standard for

quipment, UL

1678.

2 General

2.1

2.11

Components

Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with

the requirements for that component. See Appendix A for a list of standards covering components used in

the products

covered by this standard.

2.1.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or
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b) Is superseded by a requirement in this standard.

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

2.1.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain

temperatures not exceeding specified limits, and shall be used only under those specific conditions.

2.2 Undated references

221 Anyu
be interpreteq

2.3 Termin¢logy

2.3.1 Thets

3 Glossary

3.1 Forthe

3.2 ACCES
16.1) or that i

3.3 ADJUS]
product capa

3.4 BRANC
overcurrent d
permanently

3.5 CART

3.6 CASTE
stand, or prog

3.7 ELECTH
avacuum, in

alatacl £ s <l + <l <l H H 4l + 4 £ bl
IUdiTU TTITITIIVTE U a CUUT Ul oldiiudiu Gppcalllly T urc TCYUITTITICTIS UT TS S

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

rm "product" as used in this standard refers to all types of closed-circuit televisio

purpose of these requirements the following definitiods\apply:

SIBLE PART — A part located so that it can be ‘¢ontacted by means of a probsg
5 not recessed the required distance behind an opening (see 16.9).

[ABLE CONTROL — A control provided for making adjustments necessary f{
ble of performing its intended functions!

H CIRCUIT — A branch circuit is’ that portion of the building wiring system bey
evice on the power-distribution panel protecting the circuit to the field-wiring t
connected unit or to the rfeceptacle outlet for cord-connected units.

A stand (see 3.21)provided with casters, wheels, or rollers to make it mobile.

R — Any roller or swiveled wheel attached to a cart, stand, or product that mg
uct mobile:

RONIC'DEVICE — A part, or an assembly of parts, that employs electron or hole
b 'gaseous atmosphere, or in semiconductors.

andard shall

n products.

t (see Figure

D render the

ond the final

erminals in a

kes the cart,

conduction in

3.8 ENCLOSURE - A material intended to limit access to uninsulated live parts, and live parts insulated
with materials not intended to be subjected to user contact.

3.9 FIBER — The term "fiber" is used in place of "vulcanized fiber" to denote a material usually used as
electrical insulation. Vulcanized fiber is made by combining layers of chemically gelled paper. The
chemical compound used in gelling the paper is subsequently removed by leaching, and the resulting
product, after being dried and finished by calendaring, is a dense material of partially regenerated
cellulose in which the fibrous structure is retained in varying degrees, depending upon the grade of fiber.
Cellulose fiberboard, pressboard, fullerboard, or cardboard are not accepted as the equivalent of fiber.
Fishpaper is a designation commonly used in the trade to refer to thin sheets of electrical grade vulcanized
fiber.


https://ulnorm.com/api/?name=UL 2044 2024.pdf

AUGUST 28, 2024

UL 2044

3.10 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 unless the wire is provided as part of the unit and a connector,
soldering lug, soldering loop, crimped eyelet, pressure terminal, or other means for making the connection
is factory-assembled to the wire.

3.1

GROUND - Earth ground, unless otherwise specified.

3.12 HAZARDOUS CIRCUIT — A circuit that is not supplied by a low-voltage, limited-energy circuit as
described in Low-Voltage, Limited-Energy Circuits, Section 14.

3.13 HOSPITAL PRODUCT - A product mtended for use |n a hospltal a nursmg home, a medical-care

center, or a
with the Nati
may be treat
connected tg

3.14 HOUS
expected to (

3.15 INTER
moving part
enclosure of

3.16 MAJO

a) Fo
either

bnal EIectncaI Code NFPA 70 It is not mtended foruseina crltlcal -care area\w
ed with an externalized electrical conductor, such as a probe, a catheter{erot
the heart.

ontact.

LOCK — A mechanism that de-energizes parts involving @yrisk of electric shock
involving a risk of injury to persons before they beceme accessible to the u
the part is opened or a cover is removed.

R ENCLOSURE PART — A part of an enclosure that:

'ms more than 50 percent of the area of any surface, such as the front, back, t
side and

b) Is fequired to comply with the requirements for protection against risks of fire, elect

injury,

The surface
the part, incl
part. If an ¢
enclosure fu
the surface g

to persons, or protection againstmechanical damage to internal parts.

area of a part is to be computed based on the surface area encompassed by th

nclosure surface-is:-formed by separate sections, those sections that perfo
hction are to beconsidered together; and both evaluation of the part and the ¢
rea are to betbased on the composite surface. See Figure 3.1.

in accordance
here a patient
her electrode,

ING — A material intended to reduce the risk of unintentional contact with pants the user is

or that stops
ser when the

bp, bottom, or

ric shock, and

p perimeter of

uding the area composed of holes, perforations, and deletions within the boundaries of the

rm the same
bmputation of
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CASSETTE
CARRIER

TRAY AND
OPERATING
CONTROLS

FRONT — The f

comprises more
TOP —-The top s

tray, and operatg
they are required

enclosure part b
of openings for t
the surface.

SIDE — The side

than 50 percent
form more than

together, they for

Figure 3.1

Examples of some major enclosure parts

TOP

FRONT
PANEL

RECESSED
HANDLE

SB1809

Font surface is composed of a single panel of material plus_the overlap from other surfaces.
han 100 percent of the surface and is considered to be a required part of the enclosure, it is a major|

r controls. The dial windows, cassette carrier tray, and operator controls are not major enclosure pal
parts of the enclosure, because they do not form moredhan 50 percent of the top surface. The top
bcause when computing the surface area encompassed by the perimeter of the part — including the
e dial windows, cassette carrier tray, and operator controls — the resulting area comprises more th

ndle is not a major enclosure part, eveh.though it is a required part of the enclosure, because it dog
bf the side surface. The panels Sy, Sg-and S; are major enclosure parts, even though each panel j
50 percent of the side surfacejbecause the three parts perform the same enclosure function,
Im more than 50 percent of the(side surface involved.

irface is composed of several parts and materials including the top panel, several dial windows, the

Isurface is composed of several parts and.materials, including the recessed handle and three panelg
The recessed ha

Bince the panel
enclosure part.

cassette carrier
Its, even though
panel is a major
area composed
An 50 percent of

(81, 82 and S3)
s not form more
y itself does not
hnd when taken
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3.17 MINOR DIMENSION OF OPENING — The minor dimension of an opening is the diameter of the
largest sphere that can pass through the opening.

3.18 ORDINARY TOOLS - Flat-bladed and cross-head screwdrivers, nut drivers, pliers, and the like.

3.19 POWER-SUPPLY CORD - The flexible cord and attachment plug provided to connect a product to
the supply circuit.

3.20 RAIN SHIELD ENCLOSURE - A structural part of an outdoor-use wet location product relied upon
to reduce the risk of contact with live parts, and the entrance of water into the product or onto current-
carrying parts.

3.21 STAND — A structure intended to support a product.

3.22 STANDPBY CONDITION — The ready-to-operate condition. The condition which ‘€xists|prior to being
tripped or opgrated by the manual actuation of an initiating device.

3.23 SUPPLY CIRCUIT — The branch circuit supplying electrical energy to'the product.

3.24 UNINSULATED PART — A part that is bare (being without insulation) or has insulation that is not
acceptable for the operating conditions (such as potential and temperature).

3.25 USER-SERVICING - The replacing, cleaning, adjusting, and similar maintenange operations
intended to e accomplished by the user (see User-Servicing and Replacement of Parts, Section 17), for
example:
a) Removing a cover,
b) Opening a door,
c) Adjusting a control,

d) Sejting a supply-circuit yoltage mechanism, and

e) Replacing a fuse.
CONSTRUCITION

4 General

4.1 The requirements i this section apply to atproducts withinm the scope of this standard. They are
supplemented 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 shock, or
injury to persons;

b) The materials and components are used within their electrical, mechanical, and temperature
limits; and

c) The assembly protects the components and wiring from being displaced or damaged.

4.3 The materials, components, and wiring referred to in 4.2 and elsewhere in this standard, are to be
those involving risk of fire, electric shock, or injury to persons.
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Exception: Other materials, components, and wiring shall comply with 4.2 if specifically indicated.
5 Corrosion Protection

5.1 A metal part shall be protected against corrosion if corrosion of that part can increase the risk of fire,
electric shock, or injury to persons.

Exception: Metals that are inherently corrosion resistant need not be additionally protected.

6 Outdoor-Use Products

6.1 A produfptintended for outdoor use shall be:
a) Proyided with a Type SJ power-supply cord or the equivalent that is acceptablefor qutdoor-use;

b) Prgvided with an enclosure that complies with the applicable requirements in the [Standard for
Enclosures for Electrical Equipment, UL 50, and marked with an appropriate designatipn; and

¢) Subjected to the Outdoor-Use Wetting Test, Section 64.

6.2 A product is considered to be intended for outdoor-use wher it complies with one ol more of the
following:

a) It i provided with a means (handles, wheels, rollers; or similar manipulatory devices) making it
portable;

b) It has a total mass of less than 35 kg;
c) It can be operated from a battery powersstupply source; or

d) Thg product-manufacturer's literature (instruction manual, use-and-care information, advertising,
or promotional material) indicates.or implies outdoor-use of the product.

Exception: A product that is marked as specified in 72.11 need not be considered outdoor use
7 Multiple-$upply-Circuit:Voltage Products

7.1 A produgt employing a supply-circuit-voltage selector shall be tested in accordance with| the Multiple-
Voltage Equipment Test, Section 57, without resulting in a risk of fire or electric shock. The prqduct shall be
provided with|instructions and marked in accordance with 71.10 and 71.11.

7.2 A product that can be set to different rated supply-circuit voltages shall be so constructed 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 71.11.

7.3 If the product is provided with more than one voltage-setting device or selector, it shall be indicated,
either on the product or in the instructions that accompany the product from the factory, as to how all
devices or selectors are to be set.

7.4 The construction of the supply-circuit-voltage selector shall be such that the supply-circuit-voltage
setting cannot be unintentionally changed.

7.5 If the product is so constructed 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-circuit-voltage
indication.
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8 Material Flammability Classifications

8.1 A material shall have a minimum flammability rating as shown in Table 8.1. Cellulose nitrate or any
comparably flammable material shall not be used for any part regardless of location, application, or

function.

Table 8.1
Material flammability requirements
Material and application Flammability classifications®®
A. Enclosures:
1. Polymeric V-2, V-1, V-0
2. Presged wood or similar materials® None
B. Polymeric ahd fiber materials in contact with hazardous parts®® V-2, V-1, V-0, HF-2, HF-[l, VTM-2,
VTM-1, VTM-0
C. Sound-deadening and shock absorption material:
1. In conjtact with live parts
a)[Specific gravity less than 0.6 HF-1, HF-0
b)[Specific gravity equal to or more than 0.6 HB, V-2, V-1, V-0
2. Not irf contact with live parts
a)[Specific gravity less than 0.6 HBF, HF-1, HF-0
b)[Specific gravity equal to or more than 0.6 HB, V-2, V-1, V-0
D. Grille covering material, cloth, and reticulated foam Tabletf
E. Materials uded in applications other than those specified in A=D HB, V-2, V-1, V-0, HBF, HF-2, HF-1,
VTM-2, VTM-1, VTM-0

NOTE - Covers insulation properties and stability. Mechanical strength is investigated in the application. For enclogures see the
Strength of Englosure Tests, Section 60.

@ Flammability [Classification — Determined by tests described in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devicgs and Appliances, UL 94. For testing a material, the samples are to be flat stock — bar samples — sizpd in
accordance with UL 94; for an assembly, the samples can consist of the assembly. High voltage transformers, deflgction 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 §mall parts that might beixconsumed before the test is completed, larger samples of the same materig can be tested
when they repiesent the same or lesser thickness than the part in question. None of the larger samples is to be ent|rely
consumed. Samples that consist of-an assembly or a section of an assembly that are not flat stock samples are to lye positioned in
what is considgred to be the Wotst position in the application. A material having a higher flammability classification {han that
specified in Taple 8.1 is aceeptable. See footnote b.

® The parts evgluated by'Table 8.1 and classified using 1.6 mm thick bar specimens may be accepted in lesser thicknesses in the
end product. Fpr palymeric enclosures, a material classified using 3.2 mm thick bar specimens may be accepted in|lesser
thicknesses infthe end product.

¢ Must be spaced at least 3.0 mm from uninsulated live parts.
4 Does not apply to the internal insulating systems of components or where component requirements exist (see 2.1.1 — 2.1.4).
®See 3.12.

fThe flammability test using a hexamethylene-tetramine tablet is described in Tablet Flammability Test, Section 66.

8.2 A recording or playback medium (for example tapes or discs) provided with or recommended for use
with a recording or playback product shall not be formed of, nor coated with, cellulose nitrate or any
comparably flammable material. The risk of fire for recording or playback media in storage shall not be
greater than that of common newsprint in the same general form and quantity.

8.3 Accessory parts — such as lens caps, eyeshields, sunshades, shoulder pads, shoulder straps and
separable lens systems, including lens, filters, and the like — that are external to a product are not required
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to comply with the requirements in Table 8.1, and shall not be formed or coated with cellulose nitrate or
any comparably flammable material.

8.4 The flammability requirements in Table 8.1 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) Its volume does not exceed 2 cubic centimeters;
b) Its maximum dimension does not exceed 3 centimeters; and

c) lts location is such that it cannot propagate flame from one area to another or act as a bridge
between a possible source of ignition and other ignitable parts.

9 SpacingJ

9.1 A minimum spacing of 3.0 mm over-surface and through-air shall bej\maintained between
uninsulated live parts conductively connected to the supply circuit (for example;\the primary circuit) and
each of the following:

a) Unipsulated live parts of opposite polarity and

b) Acgessible conductive parts.

Exception: The spacing requirements in 9.1 do not apply when the location and relative arfangement of
parts are sugh that acceptable permanent separation is provided. See the Dielectric Voltage-Withstand
Test, Section |44.

9.2 When measuring spacings through-air or over-surface between parts where hand-soldering is
involved, the ppacing may need to be measured.assuming production accumulation of solder|on parts and
lead connectipns as illustrated in Figure 9.1.
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Figure 9.1
Measurements of spacings between parts where hand-soldering is involved (example only to
illustrate 9.2)

INSULATED | INSULATED

LEADS | LEADS
.
. PRODUCTION

SOLDER

"X" is the spacin

9.3 A barrigr or liner of polymeric, fiber, or similar material (other than the enclosure), em
Ild otherwise be unacceptable between uninsulated live parts of opposite polari
nd accessible conductive.parts, according to 9.1 and 9.2, shall comply with

spacings wo

such parts ¢

following:
a)lts

b)lts

c)lts
when

d)Its

0)

OVER LEADS
AND TERMINAL

O

SB1654

N— SOLDER

I

[

TERMINAL

LTERMINAL STRIP
INSULATING
MATERIAL

g to be maintained between hand-soldered parts assuming production solder accumulation.

hall be of a materiakeomplying with the requirements for insulating materials;
hall be of a material as defined by Table 8.1;

hall comply with the applicable tests specified in the Strength of Enclosure Test
it is subject to handling during use or user-servicing of the product;

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

ployed where
ty or between
each of the

5, Section 60,

e) It shall be located so that it is not damaged by operation of the product; and

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 is not required to comply with 9.3 (a) — ().

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

a) Uninsulated live parts of opposite polarity and

b) Accessible conductive parts.
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The spacing shall be measured with the fuse in place.

Exception: When a barrier according to 9.3 is provided, the minimum spacing is not required to be

maintained.

10 Product

10.1

and Accessory Assembly

accessory shall be such that all of the following requirements are met:

a) Ass

embly shall require one or more of the following:

User-mechanical assembly (addition of legs, casters, decorative parts, and the like) of a product or

b) All required parts shall be provided;

c) Ass
Sectig

d) Ass
fire, el

10.2 Produd
comply with

instructions rgquired in 74.1 and 74.4.

11 Adhesivie-Backed Conductive Parts and Labels

1.1 A part
Adhesive-Bad
and results in

12 Injury to

12.1 Theris
present:

1) No tools,
2) Only ordinary tools (see 3.18), or

3) Tools supplied with the assembly by the manufacturer;

embly instructions shall be provided (see Installation, Operation, and Other
n74); and

embly instructions shall not cause the user to commit an act that in itself resul
ectric shock, or injury to persons.

10.1 (a) and (d). Such products or_accessories shall be provided with th

ked Parts Peel Test; Section 63, when, dislodged, the part or label acts as a b
a risk of fire or eleefric shock.

Persons

k of injury to persons is considered to exist when one or more of the following ¢

Instructions,

s in a risk of

ts or accessories intended to be installed®dy qualified service personnel are not required to

B installation

or label of conductive (material secured in place by an adhesive shall comply with the

ridging agent

onditions are

a) Po

wer-operatea moving parts, suchn as dedrs dand |inKages, are _accessibte d

operation (see 12.2);

uring normal

b) Sharp edges, burrs, or projections are present that can cause injury to persons during user-
assembly, operation of the product, or user-servicing; or

c) The product, or the product on a cart or stand used with it, is unstable (see Injury to Persons

Tests,

12.2

Section 59).

In applying the requirement specified in 12.1(a), accessibility of power-operated moving parts such

as gears and linkages shall be evaluated using the accessibility requirements specified in 16.8 and 16.9,
and Table 16.2. Accessibility shall be determined after the installation or assembly of parts provided by the

manufacturer

has been completed according to the instructions packed with the product.
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Exception: This requirement does not apply to tape-reel or tape-drive mechanisms that must be exposed
for operation of the product. However, gears, linkages, and similar mechanisms shall be evaluated for
accessibility if the construction is such that those parts can move with a tape reel, cartridge, or cassette
removed from its operating position.

12.3 To determine compliance with the requirements specified in 12.1(b), the Standard for Tests for
Sharpness of Edges on Equipment, UL 1439, shall be used.

13 Fire

13.1
risk of fire is

notconsidered -to-exist when the circuitnsis determined -to - bhe lowavoliaae limi
J g

For the purpose of evaluating the internal circuitry of products to the requirements of this standard,

described in
Voltage, Lim

Low-Voltage, Limited-Energy Circuits, Section 14, and as evaluated accordin

ted-Energy Circuit Test, Section 55.

14 Low-Voltage, Limited-Energy Circuits

14.1 There

are no specifications for spacings in a low-voltage, limited-energy circuit, othe
be required tp reduce the risk of contact with an uninsulated live part of anether circuit.

14.2 A lowqvoltage, limited-energy circuit is a circuit that is supplied from an isolated seco
of a transformer and that complies with the applicable values spécified in Table 14.1. Power |

low-voltage,

a) An

b) A mot-inherently-limited transformer coupled with an overcurrent protective device
circuif;

imited-energy circuit may be obtained by the use.ef any of the following configun

inherently-limited transformer;

¢) A gombination transformer and fixéd-impedance; or

d) An

arrangement equivalentto\(a), (b) or (c).

Table 14.1
Low-voltage, limited-energy circuit values

ed-energy as

pj to the Low-

than as may

hdary winding
mitations of a
ations:

in the output

Inherently<limited transformer (overcurrent
protection not required)

Not-inherently-limited transformer (overcurrent protection

requ

ired)

Over 20 volts

Over 30 volts

Over 15 volts

Over 20 volts

Over 30 volts

Circuit but not more | but not more but not more | but not more || but not more
voltage 6—20-voits—than-36-voits than66-volts ——0—15volts—than26-voits than36-voits—| than 60 volts
(volts)® AC orDC AC orDC DC AC orDC AC or DC AC or DC DC
Power - - - 350 250 250 250
limitation (volt-
amperes)°
Current 8 8 150/\V@ 1000/\V2 1000/V? 1000/V? 1000/\V2
limitation
(amperes)®
Maximum - - - 5 5 100/\V@ 100/\2
overcurrent
protection
(amperes)

NOTE - In all cases the applied primary voltage shall be as indicated in Table 37.1.

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Not-inherently-limited transformer (overcurrent protection
required)

Inherently-limited transformer (overcurrent
protection not required)

Circuit
voltage
(volts)?

Over 30 volts

but not more

than 60 volts
DC

Over 20 volts

but not more

than 30 volts
ACorDC

Over 15 volts
but not more

Over 30 volts
but not more

Over 20 volts
but not more

0-20 volts | than 30 volts | than 60 volts | 0—15volts | than 20 volts
ACorDC ACorDC DC ACorDC ACorDC

2 Maximum outp

¢ Maximum outp
(when provided)

b Maximum volt-ampere output regardless of load, and overcurrent protection (when provided) bypassed.

ut voltage, regardless of load, with applied voltage as specified in Table 37.1.

ut after 1 minute of operation under any noncapacitive load, including short circuit, and with overcurrent protection
bypassed. Where a current-limiting impedance is used to limit the output current, the maximum output current

limits apply afte

L. 4
-SECORGS-

14.3 The sdg
14.2 (b) and (

14.4 The o\
a) Sha

b) Wh

mechagnism is activated.

14.5 A com

Voltage, Limited-Energy Circuit Test, Section 55.

15 Electric

15.1 Gener

15.1.1 Aris

a) Th
acces

condary winding of the transformer and the fixed-series impedance or regulator specified in

C) are to be investigated as part of the hazardous circuit.

ercurrent-protective device specified in 14.2:
Il not be of an automatically-reset type and

en of the manually-reset type, the contacts of the device cannot be closed when the reset

bonent or assembly described in 14.2 shall bé subjected to the tests described in the Low-

Shock
Al

of electric shock is considered to exist at any part when:

open-circuit potential between the part and earth ground or any other sifnultaneously
ible part (see 4141.2) is more than

a3
7
L
»]

1) 42.4 V peak for an indoor product where wet contact is not likely to occur or

2) 21.2_V peak for an outdoor product or an indoor product where wet contdct is likely to

occur; and

b) Any

orne or more of the fottowing comditionsexist:

1) A leakage current (measured in accordance with the Product Leakage and Shock
Current Test, Section 41) at any accessible part that exceeds 0.5 mA,;

2) A continuous current flow through a 500-ohm resistor, at a part exposed only during user-
servicing, that exceeds the limits specified in Table 15.1;

3) A combination of magnitude and duration of peak current flow through a 500-ohm
resistor, at a part exposed only during user-servicing, that exceeds the limits specified in
Table 15.2; or

4) A combination of capacitance and voltage, at a part exposed only during user-servicing,
that exceeds the limits specified in Table 15.3.
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Table 15.1
Electric shock at parts accessible during user-servicing

Frequency in hertz?

Maximum acceptable current through a 500
(milliamperes peak)

-ohm resistor

0-100 71
500 9.4
1000 11.0
2000 141
3000 17.3
4000 196
5000 22.0
6000 25.1

7000 or more 27.5

@ Straight-line i
values corresp
sinusoidal curr

ent.

hterpolation between adjacent values in the table can be used to determine the maximum acceptabl
pnding to frequencies not shown in the table. The above table applies to repetitive waveforms of non

P current
sinusoidal or

Table 15.2
Electric shock — transient

Maximum cufrent in milliamperes® peak through 500-ohm Maximum acceptable time in seconds of envelope
resistor containing excursions greater than 7.1 mA peak
Less than 7.1 Not applicable

71 7.22

8.5 5.58

10.0 4.42

12.5 3.21

15.0 248

17.5 1.99
20.0 1.64
22,5 1.39
25.0 1.19
30.0 0.919
40.0 0.609
500 0443
60.0 0.341
70.0 0.274
80.0 0.226
90.0 0.191
100.0 0.164
150.0 0.092
200.0 0.061
250.0 0.044
300.0 0.034

Table 15.2 Continued on Next Page
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Table 15.2 Continued

Maximum current in milliamperes? peak through 500-ohm Maximum acceptable time in seconds of envelope
resistor containing excursions greater than 7.1 mA peak
350.0 0.027
400.0 0.023
450.0 0.019
500.0 0.016
600.0 0.012
700.0 0.010
869-0° £-6683
@ Straight line irfterpolation between adjacent values in the table can be used to determine the maximum allowable’time duration
corresponding fo current values not shown in the table.
b See 15.1.3.
Table 15.3
Electric shock — stored energy
Potential in Jolts, across capacitance prior to discharge Maximum dacceptable capacitance, micjofarads
2500 0.212
2000 0.299
1500 0.465
1250 0.616
1000 0.868
900 1.02
800 1.22
700 1.50
600 1.90
500 252
400 3.55
380 3.86
360 4.22
340 4.64
320 5.13
oUU .71
280 6.40
260 7.24
240 8.27
220 9.56
200 11.2
180 13.4
160 16.3
140 20.5
120 26.6

Table 15.3 Continued on Next Page
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Table 15.3 Continued

Potential in volts, across capacitance prior to discharge Maximum acceptable capacitance, microfarads
100 36.5
90 43.8
80 53.8
70 68.0
60 89.4
50 124.0
45 150.0
42.4 169.0
40?2 186.0
357 239.0
30° 319.0
252 452.0
21.22 625.0
Less than 21.1 Any

2 Values less tff

an 42.4 V apply to outdoor use or indoor use only where wet contachis likely to occur.

15.1.2 The
connected H
simultaneous

in which:

Tist

first elxceeds 7.1 mA(_until the time that the current falls below 7.1 mA and remains sq

Secol

listh

15.1.3 The

duration of a transient current (unidirectional-or alternating) through a 500
etween any part exposed only during user-servicing and earth ground
ly accessible part, shall satisfy the following-equation:

143
I's 20}/5

he duration measured in seconds, from the time that the instantaneous value

d (typical calculated values appear in Table 15.2); and

b peak cutrent in milliamperes.

peak current shall not exceed 809 mA regardless of duration.

ohm resistor,
br any other

of the current
for at least 1

15.2 Transient and stored energy electric shock

15.2.1 The maximum capacitance between capacitor terminals that are accessible during user-servicing
shall satisfy the following equations:

in which:

88,400
£ (log, E - 1.26)

C < 35288E " ywhen 400 < E < 2500
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Cis the

maximum capacitance of the capacitor in microfarads;

E is the potential in volts across the capacitor prior to discharge, measured 5 seconds after the
capacitor terminals are accessible by the removal or opening of an interlocked cover or the like;

and

log, is

the natural logarithm.

Typical calculated values appear in Table 15.3.

16 Enclosu

res

16.1 A prod
electric shoc
mechanical d

16.2 An eng
Exception: A

to be rated m
Materials for

16.3 Major ¢nclosure parts (see 3.16) that are molded of polymeric material shall be identifi

to the require

16.4 A part
considered a
requirements

Exception: A
16.5 Acces{

16.6 Before
be made:

a) Frig

b) Pa
instrug

Lct shall be provided with an enclosure. The enclosure shall render parts invol
K or injury to persons inaccessible and protect the internal parts of -the
hmage when such damage to parts might result in a risk of fire or electric’shock.

losure of polymeric material shall comply with the requirements in.Table 8.1.

housing, rain shield, or polymeric enclosure of a separately englosed loudspeak|
inimum HB, determined in accordance with the Standard for. Tests for Flammab
Parts in Devices and Appliances, UL 94.

ments in the Standard for Polymeric Materials <~ Fabricated Parts, UL 746D.

such as a control knob, cover, dial, winidow, switch casing, handle, and the
5 a required part of the enclosure if thé omission of the part precludes complia
in this section.

control shaft is considered tobe a barrier.
ible parts of a product shall not involve a risk of electric shock.

evaluating a product according to this section, each of the following prelimina

tion-fit kn@bs, snap covers, and similar loose parts shall be opened or removed;

'ts shall be removed, opened, or loosened as described in the installation
tions; and

ving a risk of
broduct from

er is required
lity of Plastic

ed according

ike, shall be
nce with the

y steps shall

or operating

¢) Knobs not captivated according to Captive Parts, Section 34, shall be removed.

16.7 The distance between any part of the probe illustrated in Figure 16.1, and a part involving the risk of
electric shock, shall be at least that distance shown in Table 16.1 when the probe is inserted into an
enclosure opening through which a 25 mm diameter sphere cannot pass. See 16.8.
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Figure 16.1

Accessibility probe with web stop
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Table 16.1

Distance between any part of probe inserted through an opening and parts involving a risk of

electric shock

Operating potential of parts in volts peak®

Distance between part and probe

Greater than 1000 but less than 2000

Less than or equal to 1000 Greater than 0
Greater than 3.0 mm

Greater than or equal to 2000 Greater than 6.0 mm

@ The voltage is to be measured with the product connected to a supply circuit according to 37.10 and 37.13 and operated under
the conditions specified in Maximum-Voltage Measurement, Section 43.

16.8 The prn
insertion into

16.9 The m
can pass, of
16.2.

pbe shown in Figure 16.1 may be articulated to any position before, during; 0
BN opening.

nimum recessing, behind an enclosure opening through which a 25:mm diar
arts involving a risk of electric shock or injury to persons shall be atlleast that sh

r after its full

neter sphere
own in Table

Minjmum recessing of parts invoIvirTSl:al?ils.gf electric'shock or injury to persons
Minimum distance between opening
Maximum width of slot, mm Diameter of round holes,mm and part""b
- More than 25 but not,mére than 50 5D + X
More than 2b but not more than 50 More than 50 but not'more than 75 6D + X
More than 5p but not more than 75 - 7D+ X

@Dis to be the
b Xis to be 3.0

Section 43.

to a supply circtiit according to 37.10 and 37.13, ariddoperated under the conditions specified in Maximum-Voltage M

Hiameter of the largest sphere that can pass through the opening.

Inm for each 1000 V peak or fraction.theréof at the part. The voltage is to be measured with the prod

lict connected
easurement,

16.10 Prote
openings, an
requirements

16.11  An oq
mm diameter
through the

ctive screens or~batriers, openings larger than those covered in Table 14
] openings in flexible material are to be given consideration with regard to the

ening-allowing access to a user-adjustable control [see 17.1(d)] is acceptable
straight rod cannot touch a part that involves a risk of electric shock when the r
ppening. The rod shall be moved to all possible positions without produci

b.2, irregular
intent of the

2 when a 3.0
bd is inserted
ng an angle

exceeding 3

degrees pbetween the rod and a line drawn between the center of the opening a

nd the center

of the face of the user-adjustable control. The length of the rod beyond the opening shall not exceed the
distance between the opening and the face of the user-adjustable control by more than 75 mm. See Figure

16.2.
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Figure 16.2

Accessibility through adjustment opening
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16.12 An opening in the top of the overall enclosure shall not pass a sphere with a diametgr of 2.5 mm if
passage of alconductive object through.the-opening results in a risk of electric shock.

Exception No. 1: An opening, "D,"in a top surface that makes an angle of 30 degrees or more with the
horizontal is|not prohibited from:-being used when the opening projection onto a horizontal plane (see
Figure 16.3) does not exceed 2.6 mm when measured in the direction of the maximum slope pf the surface
in which the| opening thewopéning is located. The upper edge of the opening is the poinf of tangency
rtical linesand the enclosure above the opening. The lower edge of the openingl|is the point of
tangency befween_the“enclosure below the opening and a line that slopes downward away from the

2 n 2.5 mm and
protected by a knob, handle, louver, or similar part is not prohibited from being used when both of the
following requirements are met:

a) A falling object cannot pass directly through the opening in a vertical direction and

b) The construction is such that an object placed at any point on the enclosure top does not slide or
roll into a top opening.
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Figure 16.3
Cross section of enclosure showing opening
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SBP759A /
16.13 Whern evaluating a product according to the requirement in 16.12, each of {he following

consideration

a) The
the pr

b) Onl

c) Pus

16.14 Wher

S is to be applied.

top of the overall enclosure is to be that portion of the enclosure that is plain
bduct is resting on a.horizontal surface;

y those drawers_and covers needed for operation are to be opened; and

h buttonstare to be in the maximum displaced position that the construction pern

applying the requirement in 16.13(b), openings other than top openings into wh

might slide or|

n view when

hits.

ich an object

roll) shall be evaluated according to the intent of the requirement.

16.15 A gasket shall be secured with adhesive or by mechanical means, and comply with the Gasket
Test, Section 61. The gasket and its securing means shall not be damaged when the joint is opened.

16.16 A polymeric material used as a water shield, whether provided as a lens, diffuser, or opaque part,

shall:

a) Be classified at least HB in accordance with the Standard for Tests for Flammability of Plastic

Materi

als for Parts in Devices and Appliances, UL 94;

b) Comply with the exposure to ultraviolet light test in the Standard for Polymeric Materials — Use in

Electri

cal Equipment Evaluations, UL 746C; and

c) Be subjected to impact conditioning as specified in 64.2.1 — 64.2.3 before the product is
subjected to the outdoor use wetting test specified in 64.1.2.
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17 User-Servicing and Replacement of Parts

17.1

User-servicing includes:
a) Replacement of a battery.

Exception No. 1: A battery that is intended to be and is soldered in place is not considered to be
intended for user-servicing.

Exception No. 2: A battery intended to energize a memory circuit, or other similar use, when the
product is not connected to a nominal 120- or 240-V supply circuit, is not intended to be:

1) Serviced byv the user
7 7 7

2) Identified on the outside of the product, or

3) Mentioned in the instruction manual or other user literature as beihg a part {o be serviced
by the user.

b) Replacement of a fuse or vacuum tube.

Exception No. 1: A fuse or vacuum tube that is intended to(be and is soldered ify place is not
consiflered to be intended for user-servicing.

Exception No. 2: A fuse or vacuum tube that is not readily perceptible by the user is not considered
to belintended for user-servicing. A fuse or vacuum. tube is not readily perceptible |f it is located
within a chassis, compartment, or enclosure within;the overall product. If the enclosure has a cover,
it is tq be one that:

1) Is not required to be opened or rémoved in the operation or user servicing of the product,
2) Can be opened or removed.with a tool, and
3) Cannot be discarded.

A fuse or vacuum tube is readily perceptible if the fuse or vacuum tube can be ascerfained visually
or by|touch during thesoperation or user-servicing of the product, or if the fuse or vgcuum tube is
cited by either:

4) Information that appears on the outside surface of the product, or

5) Literature accompanying the product.

Exception No. 3: A plug-in vacuum tube or clipped-in-type fuse that is within alcompartment

provided with the graphical symbol described in 73.1, whether or not the fuse or vacuum tube is
readily perceptible by the user, is not considered to be intended for user-servicing.

c) Lamp Replacement — The 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 a fluorescent lamp (for example, a low-pressure mercury electric-
discharge lamp with a fluorescent coating).

Exception No. 1: A lamp that is soldered in place and is soldered in place in a product is not
considered to be intended for user-servicing.

Exception No. 2: A neon lamp (for example, an electric-discharge lamp with neon as the filling gas)
is not considered to be intended for user-servicing.
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Exception No. 3: Low-voltage (less than 30 V) vacuum-fluorescent (VF) display devices are not
considered to be intended for user-servicing.

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

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

e) Any operation described or depicted in the operating instructions, or in any other literature
accompanying the product.

f) Cleg
g) Cle
18 Power-S
18.1 The pdq
a flammability

ANSI/NFPA
provided, sha

Exception No

Exception No
less than that

18.2 Thele

Aning of lenses, cabinet, and the like.
upply Connections

wer-supply cord shall be a Type SPT-2 or heavier with a minimudm length of 1.5

rating of VW-1. The cord shall have an ampacity, as given in the National Elg
0, not less than the current rating of the productsAn”integral grounding
[l be at least the same size as the other conductors ir the cord.

1: Battery supply cords shall be any length.

2: The length of a power-supply cord on.a product intended for a special insta
specified.

point where the cord emerges from the product.

18.3 A prod
harness shall
type that cg
Configuration

Exception NQq.

National Eleq
defined in thd
plug is to co

uct intended for connection to a supply circuit by means of a power-supply G

nforms with one~of the configurations covered in the Standard for W
s, UL 1681.

1: When-the product is intended to be connected to supply circuits not d
trical Code, ANSI/NFPA 70, or for connection to supply-circuit receptacles
b Standard for Wiring Device Configurations, UL 1681, the configuration of th
hform to the applicable standards of the country into which the product is in

ning and demagnetizing of tape heads, as specified in the operating instructiong.

m and have
ctrical Code,
conductor, if

lation can be

ngth of a power-supply cord shallbe measured from the face of the attachment plug to the

ord or wiring

be provided with anvattachment plug of a polarized (2-blade polarized or 3-wirle grounding)

iring Device

efined in the
that are not
p attachment
ended to be

shipped. This exception applies only when the product is sef for use on a foreign supply circuit when
leaving the factory.

Exception No. 2: Direct plug-in transformer units shall comply with the polarization requirements in the
Standard for Class 2 Power Units, UL 1310.

18.4 An appliance coupler used as the load fitting of a detachable power-supply cord shall not be of a
configuration that can mate with a conventional television interlock device, which has 2.4 mm diameter
pins, spaced 7.9 mm apart, center-to-center.

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

a) A mechanical strain on the cord leaving the overall enclosure cannot be transmitted to terminals,
splices, or interior wiring;
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b) A mechanical strain on the cord leaving the overall enclosure cannot detach an interlock
connector (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
provided) so that it does not perform its intended function; and

d) Externally applied casual twisting or rotational forces on the cord leaving the overall enclosure
cannot be transmitted to terminals, splices, or internal wiring.

18.6 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) Th

b) Th
condt

¢) The cord displaces parts resulting in a reduction of required spacings;.or

d) Th

18.7 A pow

passage of tihe power-supply cord. The opening shall be free from projections such as sharp

and fins that

18.8 Anins
a) WH

b) WH
Exception N(
additional 4(

through an o
andfins. A's

Exception N
made of met

18.9 When

e cord insulation is subjected to temperatures or voltages above its assigned-rati

e cord can come in contact with sharp edges or with moving parts that can
ctor insulation;

b cord places strain on internal connections.

er-supply cord shall exit the product through an op€ning in the enclosure inte

might damage the conductor insulation.

ulating bushing shall be provided and sectired in place:
ere the power-supply cord emerges ffom the enclosure and

ere the cord might be subjected to strain or motion.

. 1: An insulating bushing-is not required with a Type SP-2 cord if the cord is b
-percent-rubber jacket that has a 0.7 mm minimum thickness at the point wh
pening in conductive\material, and if the hole through the metal is free of sharp
mooth metal bushing'is acceptable if a Type SJ or heavier cord is used.

p. 2: A smooth metal grommet is acceptable as a bushing in an enclosure o
bl, when-the inside diameter of the grommet is not less than 25 mm.

ngs;

damage the

nded only for
edges, burrs,

Lilt up with an
ere it passes
edges, burrs,

ther than one

ng material, a

the exit for the cord is in wood, porcelain, phenolic composition, or other insulati

surface free

bf fine’ burrs, and-similar impnrfnnﬁnne is considered to be the I=Yall nvalent of a bu

hing.

18.10 Ceramic materials and some molded compositions are acceptable as insulating bushings.
Separate bushings of wood, rubber, or so-called hot-molded shellac, and tar compositions are not

acceptable.

18.11

that it is not adversely affected by conditions of ordinary moisture. See also 30.2.

Fiber is capable of being used when the finished bushing is at least 1.2 mm thick, and secured so
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19 Supply Connections — Permanently Connected Products

19.1 General

19.1.1 A product intended for attachment to a structural part of a building or to other permanently located
items that are not required to be removed for servicing shall be provided with means for permanent
connection to the primary-circuit power. A product fastened in place shall be provided with means for
permanent connection to the primary-circuit power unless connection by means of a supply cord is
necessary to facilitate the interchange of products, or removal is necessary for maintenance and repair, in
which case, the shortest feasible length of cord shall be used.

sion for such

1912 A prnrhlr\f intended for pnrmnnnnf connection-to-the branch circuit shall have provi

connection.

19.1.3 A sh
thickness not

eet-metal member to which a wiring system is to be connected in thefield |shall have a

less than:

a) 0.81 mm, if of uncoated sheet steel;

b) 0.86 mm, if of galvanized sheet steel;

¢) 1.11 mm, if of sheet aluminum; and

d) 1.09 mm, if of sheet copper or sheet brass.
19.1.4 A tefminal 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 feadily made

and inspecteq

19.1.5 The

without disturbing the wiring or the product after the product is installed as inter

olume of a field wiring compartmeént provided with pigtail leads for connection

ded.

to the supply

wiring shall ngt be less than indicated in Tabfe 19.1.

Table 19.1
Minimum size of field wiring compartment
Wiring space within comppartment for

Size of lead, each lead,
mm? (AWG) cm?®
24 (14) 32.8
2 9 (412) 200
33 2 36-9
5.3 (10) 41.0
8.4 (8) 49.2
13.3 (6) 81.9

19.1.6 A pigtail lead shall not be more than two wire sizes smaller than the supply conductor (copper) to
which it will be connected. For example, if 2.1 mm? (14 AWG) supply conductors are used, the pigtail leads
provided shall not be smaller than 0.82 mm? (18 AWG). The minimum acceptable wire size is 0.82 mm?
(18 AWG).

19.1.7 No electrical component shall be mounted on a part, such as the cover of a wiring terminal
compartment, that must be removed to permit field wiring connections to be made or inspected.
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Exception: This requirement does not apply to a unit in which it is intended that the power-supply circuit
wires be connected to an attachment-plug receptacle into which the attachment plug blades to the unit will
be plugged.

19.1.8 A terminal compartment intended for connection of a supply raceway shall be attached to the unit
so that it is resistant to turning.

19.2 Separation of circuits

19.2.1 Field-installed conductors of any circuit shall be separated by barriers:

Jit, unless the

condyctors of both circuits are msulated for the maximum voltage in either circuit and

b) Frgm an uninsulated live part of any other circuit in the product, and from™any urjinsulated live

part, the short-circuiting of which results in a risk of fire or electric shock.

19.2.2 Separation of some field installation conductors from others, and from uninsulajed live parts
connected tp different circuits, shall be accomplished by arranging the“ocation of opg¢nings in the

enclosure fof the various conductors (with regard to the terminals or other uninsulated live
there is no rigk that the conductors or parts of different circuits are intermingled. When no m
are provided in the enclosure than are required for proper wirinig, 'of the product, and ea
opposite a set of terminals, it is to be assumed in determining compliance with 19.2.1 th
entering the fenclosure through any such opening shall be connected only to the terminals
opening. When more openings are provided in the enclosure than are required for proper
product, it is fo be assumed in determining compliance:with 19.2.1 that conductors:

a) Enters the enclosure through openings not opposite the terminals to which they a
be cohnected and

b) May touch insulated conductors.and uninsulated live parts of circuits other than the

19.3 Wiring terminals
19.31 Ap
connection d
terminal sha
held by a scr

ermanently connected product shall be provided with wiring terminals or
f conductors_having an ampacity not less than the current rating of the prod
| be provided\with a soldering lug or an acceptable pressure wire connector, fi
BW.

Exception: Alwire-binding screw may be used at a wiring terminal intended to accommodate

parts) so that
ore openings
Ch opening is
bt conductors
opposite that
wiring of the

e intended to

rown.

eads for the
uct. A wiring
mly bolted or

b 5.3 mm? (10

AWG) or smiller conductor if an upturned lug or the equivalent is provided to hold the wire

in position. A

fixed wiring terminal shall be such that the risk of turning is reduced.

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

Exception: A 4.2 mm diameter (No. 8) machine screw may be used at a terminal intended only for the
connection of a 2.1 mm? (14 AWG) conductor, and a 3.5 mm diameter (No. 6) screw may be used for the
connection of a 1.3 or 0.83 mm? (16 or 18 AWG) conductor.

19.3.3 It shall be noted that 2.1 mm? (14 AWG) is the smallest conductor that is acceptable for branch-
circuit wiring and thus is the smallest conductor that is to be anticipated at a terminal for connection of a
branch-circuit conductor.

19.3.4 A terminal plate for a wire-binding screw shall be of metal not less than 1.3 mm in thickness and
shall have not less than two full threads in the metal.
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19.3.5 A terminal plate formed from stock having the minimum required thickness as given in 19.3.4 may
have the metal extruded at the tapped hole for the binding screw so as to provide two full threads.

19.3.6 An upturned lug or a cupped washer shall be capable of retaining a supply conductor
corresponding in size to that mentioned in 19.3.1, but not smaller than 2.1 mm? (14 AWG), under the head
of the screw or the washer.

19.3.7 The free length of a lead inside an outlet box or wiring compartment shall be 15 cm or more when
the lead is intended for field connection to an external circuit.

1938 A permanently connected product rated at 125 or 125/250 V (3- ere) or less and employing a
ematic control
f the supply

shall have one term|nal or Iead |dent|f|ed for the connectlon of the grounded conductor (

circuit. The id
which is conn

19.3.9 Ifau
connection toj
shell lamphol
shall be polar

19.3.10 Af

entified terminal or lead shall be electrically connected to the screw shell of
ected to a switch or single-pole automatic control with a marked off position.

it or chassis within a rack or similar enclosure is provided with amattachment p
a receptacle that is part of the product, and if the unit or chassis has an Edison
fer or a single-pole switch connected on the load side of theplug, the plug ar
zed.

identified by

the other terminals, or proper identification of the terminal‘fer the connection of the ground
shall be cleafly shown in some other manner, such as’Zan attached wiring diagram. If w
provided instgad of terminals, the identified (grounded).jead shall have a white or gray color]

easily disting

20 Polarizati

20.1 Aprod

a) The

receptacle and then with-the supply-circuit connections reversed.

b) WhH

switchl,

shall 4
two-wi
groun

eld-wiring terminal intended for the connection ofya/grounded supply condu
eans of a metallic coating that is substantially white in color and easily distingy

ishable from the other leads.

on

Lict that is provided with a-polarized attachment plug shall comply with all of the f|

re shall be no risk of electric shock with the attachment plug inserted in the

en used in_the.primary circuit, a manual on-off switch, relay contacts, a solid

an automatic control with a marked on or off position, and an overload prot
e connécted so as to interrupt the ungrounded side of the supply circuit (narro
re plagror left-hand blade of a three-wire plug when looking at the face of the
Hing, pin down).

b lampholder

ug for supply
base, screw-
d receptacle

ctor shall be
ishable from
bd conductor
re leads are
and shall be

bllowing:

supply-circuit

-state on-off
pctive device
w blade on a
plug with the

Exception No. 1: A second overload protective device need not be connected in the ungrounded
side of the supply circuit.

Exception No. 2: A protective device that is an integral part of another component, for example, a
nonreplaceable fuse in a power transformer need not interrupt the ungrounded side of the supply
circuit.

c) The screw shell of a solitary plug fuseholder and the accessible contact of a solitary extractor
fuseholder shall be connected toward the load. If a second fuseholder is located in the grounded
side of the line, the screw shell or accessible contact shall be connected toward the grounded side
of the supply circuit (wide blade on a two-wire plug or right-hand blade of a three-wire plug when
looking at the face of the plug with the grounding pin down). See also (b).

d) Components connected between the primary circuit and accessible conductive parts shall be
connected to the grounded supply circuit conductor of the attachment plug (wide blade on a two-
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wire plug or right-hand blade of a three-wire plug when looking at the face of the plug with the
grounding pin down). If identical components are connected in both sides (poles) of the line, this
requirement does not apply.

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

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

hductor of the
at the face of

20.2 The conductor of the supply circuit that is connected to the grounded supply-circuit,¢o

attachment glug (wide blade on a 2-wire plug, right-hand blade of a 3-wire plug whenooking

the plug with|the grounding pin down) is considered to be at grounded potential when evalualing the risk of
electric shock.

21 Grounding

21.1 Continuity

21.1.1 If a product is provided with a grounding means, all accessible conductive parts th

an electric sh
a) Brg
b) Re|

c) Ha

shall be conr

ock due to:
akdown of a component,
Huction in spacings as a result of user-servicing, or

hdling of the product,

ected to the grounding means. See the Grounding Impedance Test, Section 40.

21.1.2 Certgin conductive partstsuch as antennas, antenna terminals, control shafts, mou

and the like
insulation is
supplementa

21.2 Basic|

need not be connhected to the grounding means described in 21.1.1, when s
used in addition to the basic insulation provided. Where separate basic i
ry insulation.cannot be provided, reinforced insulation shall be used. See 21.2.1

insulation

21.2.1 Bas

at can render

nting screws,
upplementary
hsulation and
—21.4.1.

c insulation (with regard to 21.1.2) is the insulation required for the proper fun

tioning of the

product and for basic protection against electric shock. When used in circuits involving 125 V or less, basic
insulation shall comply with both of the following requirements:

a)lts

hall have a dielectric voltage-withstand capability of 1000 V for 1 minute and

b) It shall have minimum acceptable through-air or over-surface spacing between the uninsulated
live part and the supplementary insulation of 1.5 mm.

21.3 Suppl

21.3.1

ementary insulation

Supplementary insulation (with regard to 21.1.2), is independent insulation provided in addition to

and physically separated from the basic insulation to protect against electric shock in case of breakdown
of the basic insulation. When used in circuits involving 125 V or less, supplementary insulation shall
comply with each of the following:
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a) It shall not be less than that required for the same material when employed as basic insulation;

b) It shall possess a minimum dielectric voltage-withstand capability of 2500 V for 1 minute; and

c) It shall provide for spacings of:

214

1) 0.7 mm through the material and

2) 1.5 mm through-air and over-surface between the end of the basic insulation spacing

specified in 21.2.1(b), and the part specified in 21.1.2.

Reinforced insulation

21.4.1 Rein
and electrical
insulation sys
used in circu
requirements

a) It shall not be less than the total of that required for the combination” of basic and st

insula

b) It shall have a minimum dielectric voltage-withstand capability of 3500 V for 1 minutg

c) It sh

21.5 Groun

21.5.1 Whe
them is groun

a) Al
groun

b) Ead

If the product

iding

qualities that it in itself provides the same degree of protection against glectric
tem comprised of basic insulation that is not reinforced and supplementary insy
its involving 125 V or less, reinforced insulation shall comply with.€ach of

ion;

all provide for spacings of:
1) 2.0 mm through the material and

2) 3.0 mm through-air and over-surface between the uninsulated live part
specified in 21.1.2.

N two or more products are electrically or mechanically connected to one anothg
ded:

accessible conductive parts according to 21.1.1 that might render an electric s
led on all of the-products and

h unit of the system that has a separate power-supply cord shall have a groundi

5-are'interconnected electrically and one of them is grounded, they shall be bon

orced insulation (with regard to 21.1.2) is improved basic insulation with sucIL mechanical

shock as an
lation. When
the following

pplementary

p: and

and the part

br and one of

nock shall be

ng-type cord.

ded together

—such as by

€ans of a conguctor inctuded M an mterconnecting cabte. When the cable v

Ives supply-

circuit (primary) voltage, the grounding conductor shall be at least the same size as the power-supply
(primary) conductors in the cable.

21.5.2 The grounding conductor insulation in a flexible cord shall be green with or without one or more

yellow stripes

21.5.3 The grounding conductor shall be secured to the frame or enclosure of the product by a separate
means such as a screw that is not likely to be removed during ordinary servicing not involving the supply

cord.

21.5.4 Solder alone shall not be used for securing the grounding conductor.
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21.5.5 The grounding conductor shall be connected to the grounding pin or equivalent fixed contacting
member of the attachment plug.

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

21.5.7 Grounding adapters when packaged in conjunction with a product equipped with a 3-wire supply
cord shall be marked or tagged with instructions for their use. The adapter shall not be connected to the

attachment plug at the factory.

21.6 Optional grounding

2161 Ifa ||neans for grounding is provided on the product even though it is not required, \sy

shall comply

Exception: A
not comply w
entire produd

with all the grounding and polarization requirements.

2-wire product with a performance ground — for example, a chassis>ground te
ith the requirements for grounding if reference is not made to thé\protective grg
L.

21.7 Permanently connected products

21.71 A fig
provided.
21.7.2 A fig

be a screw-ty

21.7.3 A w
have a gree
intended for
"Ground," "G
or by a mark
connector sh
binding screv

21.7.4 The
conductor sh
coded.

Id wiring terminal or lead for the connection of afi/equipment grounding cond

Id wiring terminal intended solely for connection of an equipment grounding cq
pe connector capable of securing a conductor of the proper size.

re-binding screw intended for the“connection of the equipment grounding cq
h colored head that is hexagonal, slotted, or both. A screw-type pressure-w
connection of such a conductor shall be plainly identified by the marking "G,"
rounding," or the symbol TIEC Publication 417, Symbol No. 417-IEC-5019-a (@
ing on a wiring diagram_provided on the product. The wire-binding screw or s¢
all be located so thatit is not removed during normal servicing of the product,
v shall have upturned lugs or the equivalent to retain the conductor.

surface ofyan' insulated lead intended solely for the connection of an equipmg
all be green with or without one or more yellow stripes, and no other lead sh3

ch grounding

rminal — need
unding of the

Lictor shall be

nductor shall

nductor shall
ire connector
'GR," "GND,"
)], or the like,
rew-type wire
and the wire-

ent grounding
Il be so color

Exception: T

, . . , ,
rerequirerentsthat coverthecoforcodingof grounding teadsappty tomterna

wiring that is

visible in a wiring compartment in the area in which field connections are to be made. They do not apply to
leads or wiring of low voltage circuits intended to be field connected to Class 2 wiring as defined in the
National Electrical Code, ANSI/NFPA 70, and that are separated or segregated from high-voltage circuit
field wiring connections by barriers.

22 Auxiliary Power Connections

221 An auxiliary power input connection provided for operation of the product from an alternative source
of power, such as a Class 1 power limited source as defined in the National Electrical Code, ANSI/NFPA
70, shall comply with the applicable portions of Power-Supply Connections, Section 18, and Supply
Connections — Permanently Connected Products, Section 19, if the circuit involves a risk of fire or electric
shock.
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22.2 An attachment plug provided for connection to the alternative power source shall not be of a type
that is commonly used for line power.

22.3 The auxiliary power source shall be provided with overcurrent protection in accordance with the
National Electrical Code, ANSI/NFPA 70, or as part of the product.

22.4 Auxiliary power outlet connections provided as a power source for other products, charging of
external batteries, and the like, shall comply with one of the following if the circuit involves a risk of electric
shock.

a) Means for connection of conduit complying with 19.1.2 — 19.1.8 and wire-binding screws, 3.5
mm diameter (No. 6 — 32) or larger, quick connect terminals, or leads. If wire-binding screws are
provided, the terminals shall comply with 19.3.2 — 19.3.4;

b) A lgngth of permanently attached Type SPT-2, SJ, SJE, SJT, SV, SVE, or S\T flekible cord, or
the equivalent, and an acceptable cord connector body. The cord shall be provided with strain relief
and a pushing complying with the requirements in 18.5, and 18.8 — 18.11;

¢) An ppening that will permit the field installation of a flexible cord:and wire-binding|screw, quick
connect terminals or leads as described in (a). Such an opening shall be provided with an
insulating bushing as described in 18.8 — 18.11; or

d) A rgceptacle for a plug-in connection.

Exception: The constructions described in 22.4 (b), (c), ahd.(d) are not to be used when the product is
intended for upply connection by means of conduit.

22.5 Auxiliafy input and output power connections:;shall be marked in accordance with 71.9.
23 Devices|and Applications

23.1 A usertaccessible switch, lampholder, receptacle, or similar component shall be mounted securely
so that it is in¢apable of turning.

Exception Na. 1: The requirement that a switch cannot be turned can be waived when all of|the following
requirements|are met:

a) Thg switch is:a plunger or other type that does not tend to rotate when operated (a foggle switch
is considered.te’be subject to forces that tend to turn the switch during its operation);

b) Thg means of mounting the switch make it unlikely that operation of the switch mighf loosen it;

¢) The spacings shall not be reduced below the minimum acceptable values if the switch rotates;
and

d) Operation of the switch is by mechanical means rather than by direct contact by persons.

Exception No. 2: A lampholder of a type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in by a nonremovable jewel, is not required to be secured so that
it cannot be turned, when rotation of the lampholder cannot reduce spacings below the minimum
acceptable values.

Exception No. 3: A user-serviceable lampholder intended to be readily removable without the use of a tool
is not required to be secured so that it cannot be turned.
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23.2 Inadvertent loosening of parts shall not reduce spacings below minimum acceptable values, or
cause accessible parts to increase the risk of electric shock.

23.3 The means used for securement specified in 23.1 and 23.2 is to 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.

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

a) The unused receptacle shall not be of the type generally employed 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) only if it is of thg conventional
parallel-slot type.

23.5 The spacing between any adjacent parallel-slot receptacles on a product shall provide for the
simultaneoug, full insertion of attachment plugs having the face size indicated,in Figure 23/1 in all of the
receptacles.

Figure 23.1

Plug-face dimensions for determining acceptable outlet separation

56" mm R MAX.

7

19 e | |
L L
i . by

BLADES CENTERED

SA1955B

23.6 Convenience receptacles provided on grounded products shall be of a grounding configuration and
shall be grounded.

23.7 Convenience receptacles provided on polarized products shall be of a polarized configuration and
shall be polarized.
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23.8 If the face of a receptacle is less than 15.9 mm wide or less than 22.2 mm long, the face of the
receptacle shall project not more than 4.8 mm from the part of the mounting surface that is within a
rectangle 22.2 mm long and 15.9 mm wide symmetrically located about the receptacle contacts. If the
mounting surface is conductive, the face of the receptacle shall project not less than 2.4 mm from that part
of the mounting surface.

23.9 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) A circular attachment plug having a face diameter of 30.2 mm if the receptacle is not clock-
controlled or

b) A cif

having

Exception: If
inserted tom

23.10 Termi
secured with
electric shock

the projections are such that the blades of the attachment plug are \ebstructe
hke electrical contact with the female contacts of the receptacle.

hals, conductive parts, and contacts of a lampholder shall be'securely riveted
or without the lamp in place. The lampholder terminals and other parts involvi
, including the lamp base, shall be protected against the-risk of grounding or

achment plug

d from being

or otherwise
ng the risk of
pof increasing

the risk of an| electric shock, while in use or during user servicing~\Insulation of lampholder|screw shells
shall comply yith 30.3.
23.11 The qdurrent rating of a supply-circuit control switch“shall not be less than the maximum steady-

state rms curfent that it controls.

23.12 A sugply-circuit control switch shall:

a) Sat|sfy the following equation;

1,<1.4144

in which:
l, is the peak.inrush current controlled by the switch and

A is the switch current rms rating in amperes.

or

b) Be marked as Type TV (see 23.13).

23.13 The current and voltage rating of a Type TV switch in accordance with the Standard for Special-
Use Switches, UL 1054 or the Standard for Switches for Appliances — Part 1: General Requirements, UL
61058-1, shall not be less than the maximum steady-state rms current and voltage that it controls. A Type
TV switch is marked with a type designation of TV-1 to TV-20. The suffix number in the type designation
represents the maximum steady-state current (rms) in amperes.

23.14 An AC/DC transfer switch that involves a 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.

23.15 A switch that controls a supply-circuit connected receptacle shall be marked as Type TV or comply
with the Relay Endurance Test, Section 65. The current and voltage rating of the switch shall not be less
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than the maximum steady-state rms current and voltage that it controls based upon the marked receptacle
rating.

23.16 A double-pole Type TV switch controlling two different circuits (for example, one pole controlling a
120 V AC circuit and the other pole controlling a DC circuit) shall be acceptable for the application. The
current, frequency, and voltage rating for each pole shall not be less than the maximum steady-state
current, frequency, and voltage that it controls.

Exception: An AC Type TV double-pole switch controlling one AC circuit and one DC circuit may be
accepted without further tests when:

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

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

c) Th

23.17 The
connected rq
relay shall beg

23.18 If thq
relay contac
subjected to

b DC current is 10 percent or less of the 120 or 240 V AC current rating,of the sw|

current and voltage rating of a supply-circuit relay, or a relay thatcontrols a
ceptacle, shall be acceptable for the application. The current rating of the cq
equal to or greater than the maximum steady state (rms) current that it controls

peak inrush current controlled by the relay exceeds the peak current corresp
I rating — relay contact current rating in amperes, rms, times 1.414 —the 1
the Relay Endurance Test, Section 65.

tch.

Supply-circuit-
pntacts of the

onding to the
elay is to be

23.19 A solenoid connected in a hazardous circuit shalkbe acceptable for the application.
24 Protect|ve Devices
241 A profective device such as a fuse, manual-reset overcurrent device, and fusible [resistor shall

comply with {he applicable protective-device component requirements.
24.2 Protegtive devices may beocated in either, or both, of the following locations:
a) The circuitry inside-the'product (see the markings described in 72.7 and 72.8) or

b) Th

24.3 For pU

b attachmentplug (see the markings described in 72.9 and 72.10).

rposes:of overload protection, a printed-wiring board conductor or any individua

considered tT bea/protective device.

wire(s) is not

24.4 A fuse or protective device shall be provided in a circuit intended for use with a battery, whether the
battery is external or internal, if a risk of fire is involved. The fuse or protective device shall be located in or
adjacent to the battery connecting means (see 24.5), in the side of the battery supply opposite the battery-
circuit common. The fuse and battery combination is to be subjected to the Battery Supply Test, Section
53.

Exception: The fuse may be in the battery-supply circuit common when equivalent protection is provided.

245 When the fuse or protective device is not located within the actual connecting means (connector
plug, or the like), the length of wire between the connecting means and the protective device shall not be
greater than 125 mm.
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25 Lasers

25.1

Equipment that uses a laser shall comply with the present construction requirements of the Code of

Federal Regulations, Title 21, Chapter I, Subchapter J, Sections 1010.2 and 1010.3, and Sections
1040.10 and 1040.11.

25.2  With reference to 25.1, compliance of laser products with the Code of Federal Regulations (CFR),

Title 21, Part

1040, shall be determined by:

a) Determining the Class of the laser product and the class of the radiation emitted by the laser
product (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

docu

T

entation;

b) Verifying that the manufacturer's markings and labels, having the information sp

CFR,

c) Det
and si

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

brmining that the corresponding construction features, such as protective housin
milar features, are provided in accordance with the CFR;

d) Delermining that the resulting construction complies with thesconstruction require

stand
e) Ver
laser f
26 Transfo
26.1 A tran
comply with t
Standard for

for Transform
1411, the Stq
Part 1: Gener
2 and Class 3

Exception Noj
a) The

b) The

rd; and

fying that the manufacturer's safety instructions.required by the CFR are proyv
roduct (as defined in the CFR).

mers

sformer or motor transformer that\is” connected across the supply circuit (p
he Standard for Low Voltage Transformers — Part 1: General Requirements, Ul
Low Voltage Transformers — Part2: General Purpose Transformers, UL 5085-2;
er and Motor Transformers{for Use in Audio-, Radio-, and Television-Type Ap

al Requirements, UL.5085-1; and the Standard for Low Voltage Transformers —
Transformers, UL-5085-3.

1: Transformers that are part of a power supply evaluated to:
Standard for Power Units Other Than Class 2, UL 1012;

Standard for Information Technology Equipment — Safety — Part 1: General

bcified in the

g, interlocks,

ments of this

ded with the

rimary) shall
| 5085-1; the
the Standard
pliances, UL

ndard for Class 2 Powér Units, UL 1310; or the Standard for Low Voltage Transformers —

Part 3: Class

Requirments,

UL 60

050-1;

¢) The Standard for Audio/Video, Information and Communication Technology Equipment - Part 1:
Safety Requirements, UL 62368-1.

are only required to comply with the requirements in those standards.

Exception No. 2: A transformer evaluated to the Standard for Transformers and Motor Transformers for
Use in Audio-, Radio-, and Television-Type Appliances, UL 1411, shall comply with requirements for the
Transformer Short-Circuit and Overload Tests, Section 67.
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27 Capacitors
27.1 lIsolating capacitor

2711 A capacitor used for antenna blocking, line-by-pass, or metal-cabinet isolation, or between
supply-circuit (line) connected parts and exposed metal parts (where the capacitor is continually stressed)
shall comply with the requirements in the Standard for Fixed Capacitors for Use in Electronic Equipment —
Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic Interference Suppression and
Connection to the Supply Mains, UL 60384-14.

27.2 Across-the-line capacitor

27.2.1 A capacitor connected across the supply circuit shall comply with the requirements in the
Standard for| Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-
14.

27.2.2 A capacitor is considered to be across the supply circuit if, in ashorted condition|, a current of
greater than|1 A passes through it when the product is in a heated condition. The currer|t through the
capacitor can be limited to 1 A or less by a fixed impedance or an aceeptable protective deyice rated 1 A
or less.

27.2.3 A capacitor employed in series with an impedanceror a protective device in acgordance with
27.2.2, rated more than 1 A, need not comply with the requirements for across-the-line capacitors when
the combinafion of the capacitor and impedance, or the.€apacitor and the protective device complies with
the requirements for across-the-line capacitors in the ‘Standard for Fixed Capacitors for Usg in Electronic
Equipment Part 14: Sectional Specification;s-Fixed Capacitors for Electromagnetic| Interference
Suppression|and Connection to the Supply Mains; UL 60384-14.

27.2.4 A cgpacitor is also considered to be-across-the-line under any of the following conditjons:

a) The capacitor is used for antenna blocking or line-by-pass isolation in a product [provided with
extermpal antenna terminal(s) that might be grounded or

b) THe capacitor isrused for line-by-pass isolation in a product provided with & terminal or
conngction intended to be grounded.

27.3 Electrolytic.capacitors

27.3.1 A liquidselectrolyte, metalized-film, or conductive-foil type electrolytic capacitor connected in a
hazardous circuit and having a diameter of more than T0 mm, shall be provided with a means of relieving
excessive internal pressure.

27.3.2 A capacitor as described in 27.3.1 shall be positioned so that the pressure relief means is not
obstructed. If an obstruction of the pressure relief means cannot be determined by visual inspection, the
capacitor shall be caused to vent in the intended manner.

28 Batteries

28.1 A battery used in a combination supply-circuit and battery-operated product shall not be connected
to the supply circuit.
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Exception: If current-carrying parts are insulated, arranged, or otherwise protected as specified in
Spacings, Section 9, and Enclosures, Section 16, the battery-operated product may be connected to the

supply circuit.

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

28.3 Lithium batteries shall comply with the requirements in the Standard for Lithium Batteries, UL 1642.

29 Sleeving, Tape, Tubing, and Wire Insulation

29.1
temperatures
accordance W
Wire insulatio
Flexible Cord

Exception Noj
lacing of wire
the spiralled

defined as no

Exception Ng

Sleevin

attained under conditions of normal and abnormal use. Tape shall be flame
ith the Standard for Polyvinyl Chloride, Polyethylene, and Rubber Insulating T
n shall be marked with flammability classification "VW-1" in accordance with the

5 and Cables, UL 62. Sleeving and tubing shall have a flame retardant.rating.

1. Short lengths of insulated wire, sleeving, tape, and tubingused for bundling
5 need not be so rated. Also, spiralled insulated wire used for.cabling, routing, g
ength is short, need not be so rated. For the purpose 0f 'this exception, a s
t more than 3 cm.

. 2: Sleeving, tape, tubing, or wire insulation that is used on wiring or parts tf

hazardous cifcuits and that are segregated from wiring and“other parts that are in hazardous

not be so ratg

29.2 Combi

d.

hations of insulated wire covered. with sleeving, tape, or tubing where eith

otyed and the

retardant in
ape, UL 510.
Standard for

routing, and
nd the like, if
nort length is

at are not in
circuits need

er the wire,

sleeving, tapg, or tubing is not rated with a flammability classification or marked flame-retafdant may be

subjected to

Cables, and F
29.3 The wi
a) 125
b) 125
c) 250

shall be at le

he VW-1 (vertical flame) test insaccordance with the Reference Standard for Ele
lexible Cord, UL 1581.

Fing connecting a 15-ampere convenience receptacle rated:
-volt, 2-pole, 2-wire\(Type 1-15),
-volt, 2-pole, 3-wire grounding (Type 5-15), or

Lvolt, 24pole, 3-wire grounding (Type 6-15) to the supply circuit,

bst the size of the power supply cord conductors but not less than 0.82 mm?

ctrical Wires,

18 AWG) as

specified in

able 29t —See the Standard for Wiring Device Configurations, U168, for

receptacle types and configurations.

convenience

Exception: Conductors of smaller cross-sectional area than described in Table 29.1 may be used where
acceptable supplementary overload protection is provided between the supply circuit and the wiring.
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Table 29.1
Permanently connected equipment receptacle wiring

Size of supply circuit conductor, Minimum size of lead to receptacle,
mm? (AWG) mm? (AWG)
2.1 (14) 0.82 (18)
33 (12) 1.3 (16)
5.3 (10) 2.1 (14)
8.4 (8) 3.3 (12)
29.4 Wire §matter thanm 0.2 Tmm- (24 AWG) shalbe employed only it it is protected from damage due to

the effects of

295 Thec
handling dur

29.6 Each
product, or b

a) Th
tests,

b) Th
acces

¢) Th
18.5 -

29.7 A flex
following req

a) An

vibration, impact, and handling during the operation and user servicing of the pr|

ng user servicing.

btween products shall comply with all of the following requifements:

b assembly shall be of the type specified in 29.7 depending on the voltage, curr
and length;

e assembly shall have an ampacity rating netless than the current rating o
sory, or product section it supplies; and

e assembly shall be provided with strain-relief, push-back relief, and cord exit (a
- 18.7) if the assembly is permanently<ttached to the product.

Lirements:

be marked "VW-1;"

b) An
and s

c) Th
shall

hall be marked "VW-1," if the length of the cord is equal to or less than 3 m;

e assembly shall be of or employ a construction equivalent to Type SP-1 flex
be marked "VW-1," if both of the following conditions are met:

bnductor of a wire involving the risk of fire or electric shock shall not become e

flexible-cord or -cable assembly used for external interconnection between sg

ble-cord or -cable assembly, used as a remote cable shall comply with one 0

assembly shall be of or employ a construction equivalent to Type SJ flexible g

assembly shall-be of or employ a construction equivalent to Type SV or SP-2

bduct.

posed due to

pctions of the

ent, abnormal

the product,

5 described in

I more of the

ord and shall

flexible cord,

ble cord, and

1) A risk of electric shock is not involved, and

2) A risk of fire is not involved following abnormal tests involving short circuits between

conductors of the cord, and between any conductor of the cord and earth g
other accessible part;

round, or any

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

1) The construction complies with the conditions in (c)(1) and (2),

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

Arcing Test, Section 48, conducted between the conductors involving risk of
shock, and

fire or electric
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3) The conductor insulation, and jacket if employed, is marked "VW-1;" or

e) The assembly may be of any type or construction of wire when the assembly is located in a low-
voltage, limited-energy circuit in accordance with Section 14.

29.8 Video 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.

29.9 Low-energy-circuit wiring (that is, wiring not involving risk of fire or electric shock) that is not
contained entirely within the enclosure and that might contact parts inside the enclosure that involve the
risk of fire or electric shock shall be insulated (see 29.1 and 29.2) within the enclosure. Such wiring shall
also be provided with strain relief as specified in 18.5, and pushback relief as specified in 18.6.

the product
risk of fire or

29.10 Wire,| cable, or cord that is subject to strain or motion, either within or ‘outside
enclosure shall comply with each of the following if damage to the insulation caniinerease a
electric shock:

a)lts hin or motion

to whi

pall be investigated to determine the effect of continued operation under the str
Ch it is subjected; and

b) It shall be provided with:

1) Insulation at all points of strain or motion between conductors, and betweep conductors

and adjacent conductive parts, and

2) Strain relief as specified in 18.5 and abushing as specified in 18.8.

29.11 An of
involves a ris

ening in a conductive material used-for the passage of a wire connected to
k of fire or electric shock shall be\free from sharp edges, burrs, fins, and the li

a circuit that
e that might

damage the gonductor insulation.

30 Insulation Material

30.1 Materigl used for the support of parts where shrinkage, current leakage, or warpage npight result in
a risk of electfic shock shall comply with both of the following:
a) Thg applicableirequirements for insulating materials and

b) Th
Classi

e appropriate material flammability classification described in Material
ficatiohs, Section 8.

Flammability

30.2 Hard fiber shall not be used for the sole support of uninsulated live parts where shrinkage, current
leakage, or warpage might result in a risk of fire or electric shock. It may be used for insulating bushings,
separators, barriers, and the like.

30.3 A barrier of insulating material employed to render parts involving a risk of electric shock or injury to
persons inaccessible shall:

a) Be at least 0.70 mm thick and

b) Comply with the appropriate material flammability classifications described in Material
Flammability Classifications, Section 8.

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.
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Exception No. 2: Paper, waxed or otherwise treated to resist the absorption of moisture, that is at least
0.35 mm thick may be used to cover the crossover lead of a coil winding in an accessible location.

Exception No. 3: Paper that is at least 0.70 mm thick may be used to cover an electrolytic capacitor or
similar part. Fiber that is at least 0.50 mm thick may be used to cover the shell of a metal-jacketed pilot
lampholder.

31 Electrical Connections

31.1 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

31.2 Alead
a) At

b) At
wiring

c) Itis

31.3 Thep
unless it can
with the lead

314 Tack {
any part invo
the compong
risk of fire or
a risk of fire ¢

Exception: T
unsoldered,

or unsoldere
unsoldered I¢

a) To
weigh

secured hefore saldering
g-

is considered to be mechanically secured if one or more of the following_i§ prév
east one full wrap around a terminal;

least one right-angle bend when passed through an eyelet or opening (exce
boards where components are properly inserted and soldered)yor

twisted with one or more conductors.

acing and soldering of a lead along a flat surfacé(that is, tack soldering) is n
be demonstrated that a risk of fire, electric shogk, or injury to persons is not |
detached.

oldering of a component is acceptable.if the component or unsoldered lead ¢
ving a risk of fire or electric shock whén any one of the component's leads is un
nt and unsoldered lead are movedto any position. If the tack-soldered compon

r electric shock.

hck soldering of a component weighing 2 g or less is acceptable if when an
bnd the componentand unsoldered lead are moved according to (a) and (b), th
( lead cannot gentact any part involving a risk of fire or electric shock. The cg
pad shall be moved:

any pointtalong the arc caused by gravity as though the component were a
t butnot-beyond the lowest point of the arc and

b) To

ded:

pt on printed-

pt acceptable
ikely to occur

annot contact
soldered, and
ent involves a

electric shock when displaced, it:shall not contact any other conductive part so as to increase

y one lead is
e component
mponent and

free-swinging

f described in

any point within 15 degrees on either side of the arc formed by the movemen

().

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

32 Connectors, Components, and Leads

32.1

Any likely handling, disconnection, or displacement, of a component connector, lead, cover or other

similar part during operation or user servicing of the product shall not result in a risk of fire or electric
shock, as determined by the requirements specified in 41.6.1, and the Dielectric Voltage-Withstand Test,
Section 44, and the Part Disconnection and Component-Handling Arcing Test, Section 47.

32.2 A disconnecting part, such as an electrical connector, that is secured by friction fit only, is to be
investigated for a risk of fire or electric shock in the extreme disconnected position.
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Exception: A disconnecting part need not be investigated if it complies 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) The parts are soldered together and need not be removed for user servicing;

¢) The parts are of such dimensions, or are permanently routed or secured so that risk of fire or

electri

¢ shock will not result if the parts become disconnected;

d) A 0.7 mm thick minimum insulating sleeve that has at least a 1.5 mm overlap is provided over

the co

e) The
when
Test,

32.3 Barriel
evaluating dis
not acceptab
not to be rem
flexible fasten

33 Current

33.1
metal that is 4

33.2 Uninsy
base or mour
result in a red

33.3 In detg
applied lock v

33.4 Contaq

nnector parts; or

fested for component electric shock as specified in 41.6.1, the Dielectric \Volta

connection or displacement. A fastening means that relies solely on friction bet
e unless investigated and found to be acceptable for the application. A fasten
bved if it cannot be removed inadvertently, and need not be<removed during use
ing means shall return to its original position and shape after flexing.

Carrying Parts

cceptable for the particular application.

lated current-carrying parts involving-a risk of fire or electric shock shall be s
ting surface so that they are notcapable of turning or shifting in position, if suc
uction of spacings below the.minimum acceptable values.

rmining compliance with_33.2, friction between surfaces is not acceptable, b
asher is acceptable:

ts of sockets, separable connectors, and the like that are connected in circuit

risk of fire or ¢lectric shock'shall be made of nonferrous spring metal.

34 Captive

34.1

Parts

fthe product that is essential for compliance with the requirements of this stan

A part

disconnection and displacement of the parts does not result in a risk of fire or. 6

bection 44, and the Part Disconnection and Component-Handling Arcing(Test, S¢

lectric shock
pe-Withstand
pction 47.

s, mechanical restraints, and the effect of gravity are to be, given consideration when

veen parts is
ng means is
I servicing. A

A current-carrying part shall be of silver, copper, accopper alloy, stainless steel, aluminum, or other

cured to the
motion may

Ut a properly

s involving a

dard 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 part is not readily perceptible to the user during the use of the product (see Exception No. 2
to 17.1(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.

34.2 A captive knob and shaft assembly shall withstand each of the following tests without exposing
parts involving a risk of electric shock or injury to persons, or adversely affecting the captivating means:
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a) The pressure test according to 60.3;

b) The impact test according to 60.4; and

c¢) The pull test according to 60.6.

35 Interlocks
35.1 An interlock shall render parts that become accessible free from electric shock, excessive
temperature, or driven movement that could result in injury to persons.

35.2 An interlock shall be such that it cannot be readily defeated without resorting to one or more of the

following pro
a)Da
b) Ma
c)Us

d) Us
exten

35.3 If two
shall comply
parts involvin
both hands g

35.4 Thein
the following

a) Th
screw

b) Th

axis perpendicular to.the cover during any stage of its removal or replacement, if

gives
interld

cedures:

maging the product;

king wiring connections or alterations;
ng other than ordinary tools; or

ing materials other than those readily available (adhesive tape, string, or
5ion cord sets are considered readily available).

momentary-contact switches must be operated, to energize the product, the

g arisk of electric shock so that if they can be,operated simultaneously (see 41.
f a person, contact with uninsulated parts«involving a risk of electric shock shall &

terlock device shall be such that during the operation and user-servicing of the
requirements are met:

b interlock cannot be defeated by improper disassembly, for example, remova
s during removal of the ¢over;

e cover in which the.interlock is mounted shall not rotate by its own weight abou

access to a _part involving a risk of electric shock or injury to persons, or
ck or the cover;

c) Th

unintTntionaI contact with parts involving a risk of electric shock or injury to persons; a

e act of‘removal or replacement of the interlocked cover shall not subjec

conventional

arrangement

with 35.2(d), and the operating means shall be.spaced from each other and frofn uninsulated

1.2) by one or
e unlikely.

product, all of

of the wrong

t the interlock
such rotation
damages the

| the user to
nd

d) The interlocked cover cannot be readily misapplied to result in an electric shock, unless such
misapplication is obvious during and after replacement of the cover.

35.5 With regard to 35.4(c), parts that are recessed more than 6 cm from the edge of the cabinet
opening, in the plane of the cover, are to be excluded when determining whether the act of removal or
replacement of a cover subjects the user to unintentional contact with parts involving a risk of electric
shock or injury to persons.

35.6 An interlock connector on a polarized or grounded product shall not be mounted on a cover that can
be applied so as to complete the enclosure in what appears to be the intended manner but with the
interlock connections reversed or without connection of the product to the grounding means.

35.7 A product incorporating an interlock intended to be functional during user-servicing shall be marked
according to 72.6.
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36 Accessories

36.1
and the comb

ination of the accessory and the product comply with applicable requirements.

An accessory intended for use with a product shall be investigated to determine that the accessory,

Exception: The combination of the accessory and the product need not be investigated if the accessory

complies with

all of the following requirements:

a) The accessory is intended to be installed by qualified service personnel and is marked as
required by 36.4;

b) The accessory or the product has auxiliary power connections marked in accordance with 71.9;

and

c) The

36.2 An acg
following requ

a) The

b) The
or

c) The
or pro
catalo

36.3 Thein
user shall not

risk of fire, eélectric shock, or injury to persons (for example, reduction of spacings, o

components)

36.4 An acq
provided with
qualified serv

36.5 Theing

a) The
or by

accessory is provided with installation instructions as required in 74.7.

essory is considered to be intended specifically for use with a produéct if one o
irements are met:

accessory is packed with the product,

accessory is referenced by manufacturer's name and{eatalog number in a prod

motional material) indicates or implies use-of‘the accessory by manufacturer
j number with a product.

Stallation or connection of an accessory that is intended to be installed or conr
require the use of other than ordinary tools and shall not require any act that m

essory that is intended.to be installed or connected by qualified service persd
external power connections (see 71.9), and shall be marked to indicate in
ce personnel only-as specified in 74.4.

tallation of’accessory products by qualified service personnel shall be such that

mechanical positioning can be accomplished by means of regular tools norm
means of special tools provided by the organization responsible for the produc

= |

r more of the

uct marking,

product manufacturer's literature (instruction,manual, use-and-care information, advertising

s name and

ected by the
ght involve a
damage to

nnel may be
stallation by

ally available
[ as a part of

the ing

tallation-lat
WAdimauvurt Nt ariu

b) The electrical connections can be readily accomplished by making use of existing terminals and
connections in the video product or as a part of the building wiring.

36.6 Tripods for use with cameras provided with a standard 1/4 — 20 threaded hole need not comply with
36.1 unless the tripod complies with 36.2 (b) and (c) and is provided with the manufacturer's name and
catalog number.
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PERFORMANCE
37 General

37.1 A product that is representative of production is to be used for each of the following tests, unless
otherwise specified.

37.2 The accessories used for testing are to be those specified by the installation and operation
instructions provided with the product. However, substitute accessories may be used if they produce
functions and load conditions equivalent to those obtained with the accessories intended to be used with

the product in service.

37.3 Unles

374 A pro
supply and a

Exception: If
conditions, th

37.5 Unles
resistance o
minimum for

37.6 The ¢
determinatio
significantly
impedance o

37.7 When
operation or

a)lni

b stated otherwise, values of voltage and current are root-mean-square (rms),va

juct having both AC and DC ratings is to be tested with the produet connec
jain to a DC supply.

it can be established that one type of supply connection results in the maxim
e product can be tested with that type of supply.

5 indicated otherwise, voltage measurements shallnbe made with a voltme
2000 ohms per volt minimum for potentials of 4000 V or less and 20,000 d
potentials of more than 1000 V.

pen-circuit-voltage measurement used in<conjunction with a leakage- or
n shall be made with a measuring instrument that has an input impedance

ues.

ted to an AC

um operating

ter having a
hms per volt

shock-current
hat does not

bffect the circuit being measured. In@eneral, a measuring instrument with a nminimum input

f 1 megohm shall be used.

testing the complete produet;~a lead, connector, or component that is accessi
iser servicing of the productis to be:

[s intended position.and

b) In any position likely)after user servicing.

37.8 Cheeqd
known to the
and 11 threa

ecloth used for tests shall be untreated cotton running 26 — 28 m?/kg and h
trade‘as-a count of 13 by 11 — that is, for any square centimeter, 13 threads in
s in the other direction.

ble during the

aving what is
one direction

37.9 Tests involving cheesecloth shall be made in a room free of drafts.

37.10 All operational tests shall be conducted with the product connected to a supply circuit of rated
frequency and a voltage as indicated in Table 37.1.
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Table 37.1
Operation test voltages

Test Marked voltage rating Test voltage
Normal operation tests 22-24 24
105-130 Maximum marked voltage, but not less
than 120 V
210 - 260 Maximum marked voltage, but not less
than 240 V
Abnormal Operation Tests
Part Disconnection and Component- 105-130 1302P
Handling Arcing-Test
Vacuum-Tube Hilament Short-Circuit Test 210 -260 260%°
Battery Oven Vpltage Test
Component Abhormal Operation Test

@ For a product
110 percent of {

® The test volta
be used for abn
voltage might ci

ntended to be operated at more than one given voltage, the test voltage is to be 130 V'for the lower
he higher voltage, but not less than 240 V nor more than 260 V.

buse a protective device to clear the circuit.

je may be reduced to a lower value, but not less than 105 or 210 V, respectively»The lower test-voltg
lormal-operation tests where the lower value represents a more severe condition or in cases where 3

voltage, and

ge value may
higher

37.11 Table
domestic suf
intended for @

37.12 A pro
with Table 37
voltage indic

37.1 indicates the various test voltages for products intended for use on

peration on other types of supply circuits.

1, with the following modifications. Narmal operation tests are to be conducted

ted on the product or in the instruction manual for the particular voltage-ss
setting. Abnofmal operation tests are to be conducted with the test-voltage supply adjusted tg
of the maximum voltage indicated on the-product or in the instruction manual for the partig

selector-switgh setting. All tests are” t0 be conducted with the voltage-selector-switch
associated tept voltage that representsthe worst-case condition.

37.13 A product with one supply-circuit-frequency rating is to be tested at that frequency. A

a multiple-frequency rating. shall be tested at 60 Hz, if 60 Hz is included in the rating, and
tested at any |of the otherfrequency ratings unless it can be established that testing at 60 Hz
maximum opgrating ¢onditions.

38 Power IpputTest

duct for use on other than a standard_domestic supply circuit shall be tested in

the standard

ply circuits. It is not intended to provide the«teést voltages for multiple-voltage products

accordance
with the test-
lector-switch
110 percent
ular voltage-
setting and

product with
may also be
results in the

38.1

The measured power input shall not exceed the marked input rating by more than 5 percent when

the product is operated with controls and signal input adjusted within its intended range of operation to

produce maxi

mum power input.

38.2 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

manuf

acturer's instructions.

b) Operating Controls — User controls are to be adjusted within the range of intended operation. For
products with amplification circuits, all controls such as volume, bass, treble, loudness, and the like
are to be adjusted so as to produce maximum amplifier output [see (g) and (h)]. If there is more
than one amplifier circuit and a single balance control is provided, it is to be set so that each
amplifier simultaneously produces output, even if not equal, so as to result in maximum input. If
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separate volume and other operating controls are provided, then each amplifier shall be adjusted to
produce maximum output simultaneously even if not equal. Supply-circuit voltage-setting devices
are to be set according to the manufacturer's instructions.

c¢) Factory Controls — Factory-set controls that are not intended to be user adjustable are not to be
readjusted from their factory setting.

d) Motors and Motor-Driven Parts — Motors and motor-driven parts of the product are to be loaded
according to the intended purpose. If testing involves motor-driven parts, other parts of the product
that are intended to be operated at the same time are to remain connected.

e) Accessories — A product with an output connection intended to supply voltage and current to an

acces

f) Au
voltag
follow

The 4
perce

sonsisto have the intended accessons:
J J T

1) Connected according to the manufacturer's instructions unless power, cq
greater with the accessory not connected, and

2) Operated in such a way as to produce maximum power input to,the produc
load consuming power equivalent to the accessory may be used in place of thq

dio Output Circuit Loading — An audio-amplifying circuit. intended to supply
e and current to a speaker is to have its output load(adjusted according f{

ing:

1) If the product is provided with either internally*or externally connected sp
speakers may be used as the load. If the speaker action is not critical to pro
cooling of the product, demagnetized speakers may be used for the purpose.

2) If the product is provided with eitherinternally or externally connected speal
load of equal impedance is to be.substituted for each speaker or assembly
provided.

3) If the product is not proyided with speakers but the speaker impedance ratf
on the product, an audio\load of impedance equal to that marked on the pr
connected to the product output terminals according to the manufacturer's inst

4) If the product is not provided with speakers and there is no speaker imp
marked on_ theJproduct, an audio load that results in the highest audio outy
channel of-amplification is to be connected to the product output terminals i
with the mianufacturer's instructions.

udio lead connected to each product is to be essentially resistive with not mag
nt.reactive component at any frequency up to 5 kHz. The audio load is to [

nsumption is

. A simulated
accessory.

audio-signal
o one of the

pakers, those
ber loading or

ers, an audio
of speakers

ng is marked
bduct is to be
Fuctions, or

dance rating
ut power per
h accordance

re than a 10-
e capable of

continuously dissipating the full output of the product while maintaining the resistance within 1

perce

nt of its rated value.

g) Signal Input Not Affecting Power Input — A product provided with signal-input circuits need not
be connected to an input signal if:

1) The signal-input circuits do not amplify the signal in the product, and

2) The supply-circuit input power or current is not noticeably affected by a signal input.

h) Signal Input Affecting Power Input— A product provided with signal-input circuits where the
supply-circuit input power or current is noticeably affected by an audio signal input is to be
connected as illustrated in Figure 38.1 and tested as follows:
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1) A 1000-Hz sinusoidal signal is to be applied to the first audio stage of each preamplifier
or amplifier circuit.

Exception: A sinusoidal signal of the geometric mean frequency of the upper and lower
frequency limits of the circuit under test may be used if the amplifier has a limited bandwidth
(for example, less than nominal 20 Hz — 20 kHz). The geometric mean frequency is equal to
the square root of the product of the low frequency limit and the high frequency limit. The
frequency limits may be specified by the manufacturer.

2) After a 15-minute warmup period, the signal input level and the product operating
controls are to be adjusted to produce 1/10 of the maximum available undistorted sine wave
output power or 0.5 W, whichever is greater. The maximum available undistorted sine wave
Sttptit-power-is—considered-tobe-themaximum—attainabte—withno—evidenee—of clipping or
flattening of the sine wave as determined by viewing the waveform on an 'ogcilloscope. 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. inithe waveform. The
THD is not to be greater than 1 percent.

o v 010D a Tt

Figure 38.1

Typical input-power and input-current test circuit forah audio amplifier

1kHZ
OSGILLATOR
WATTMETER 7 AUDIO LOAD
Q /
BRANCH-CIRCUIT 1
SUPPLY ;
AUDIO |
AMPLIFIER 2
UNDER TEST ’
~|~ AUDIO LOAD
I |
—QLC T T
\1 | B | ___—OSCILL0SCOPE
WATTMETER COIL VOLTMETER — O
REVERSING SWITCH \
TOTAL HARMONIC
DISTORTION METER
$2302

38.3 When measuring the power input, increases in power having a duration of 5 seconds or less are to
be discounted if the power increase does not occur more often than once a minute. Such increases may
result from momentary operation of a motor, mechanical cycling of parts, or the like.

38.4

If an overload protective device opens during the power input test, the protective device is to be

short-circuited when making the measurement.
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39 Peak Inrush-Current Test

39.1 The peak value of inrush current controlled by the contacts of each supply-circuit control switch is to
be determined according to the procedure described in this section.

Exception: This test is not required to be conducted when all of the supply-circuit control switches are
marked Type TV. See 23.12 and 23.12.

39.2 The product is to be connected to a 120 V, 60 Hz supply source calibrated to represent a 20 A
household branch circuit having a momentary 1000 A short-circuit current capability. For the purpose of

these requirements, a circuit having a momentary 1000 A short-circuit current capability is defined as one
meeting the reguitements-ofthe-gualificationtests-described-in39.9 .39 13
g g - 43

39.3 The fdllowing devices are to be part of the supply source defined in 39.2, as shown'in the test circuit

illustrated in Figure 39.1:
a) A qdingle-pole, single-throw, bounce-free type switch; for example, a wiping-blade knife switch.
b) A Q.02-ohm, high-frequency, current-viewing, resistive shunt complying with the spgcifications in

Table|39.1. The construction details of the 0.02-ohm shunt may be found in Appendix [C.

Figure 39.1

Peak inrush-current measurement test circuit

20—A PLUG FUSE OR
EQUIVALENT PROTECTIVE DEVICE / SINGLE—POLE, SINGLE-THROV

FOR A BRANCH CIRCUIT BOUNCE—FREE TYPE SWITCH
© ’/\/ T BRANCH—CIRCUIT
20—V, 60 Hz SUPPLY SOURGE RECEPTACLE

ALIBRATED TO REPRESENTNA 20-A
OUSEHOLD BRANCH CIRCUIT HAVING A

NMOMENTARY 1000—A«SHORT-CIRCUIT mn
URRENT CAPABILITY .=.
PRODUCT®

-—— BNC CONNECTION

I

42—OHM HIGH—

FREQUENCY CURRENT-
VIEWING RESISTIVE
SHUNT

D -— STORAGE
OSCILLOSCOPE

COAXIAL CABLE /

S1961-1 BNC CONNECTION
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Table 39.1

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
Rise time 30 nanoseconds? plus 0; minus not specified

@ |f a peak-to-peak pulse of any convenient value having a rise time of 30 nanoseconds or less is applied, there shall not be
discernible rise-

time degradation of the applied waveform when viewed from the current-viewing connector.

39.4 The product controls and switches are to be adjusted and set with accessories connected, or not

connected, s¢ as to represent the condition of use that results in the highest value of peak.in

The thermal s
about the co
operation of {

39.5 The 1]
energized by
opening. The
the 0.02 ohm

39.6 The ps

in which:
lpis th

E, is

viewin

R ist

39.7 Thein
supply-circuit
actual peak in

tate of the product is to maximize the magnitude of the inrush current. If there
ndition of use that will result in the highest value of peak inrush current, e
ne product is to be checked.

PO V, 60 Hz test circuit to which the product has been connected is to be

waveforms of these events are to be displayed on a storage oscilloscope conn
high-frequency, current-viewing, resistive shunt.

ak inrush current is to be calculated according to the equation:

E
ID = _E
K
e calculated peak inrush current of the product being tested;

the maximum value of\voltage measured across the 0.02-ohm, high-freque
g, resistive shunt as displayed by the storage oscilloscope; and

he exact resistance’of the high-frequency, current-viewing, resistive shunt.

ush currefteontributed by any product circuitry that is not controlled by the cg
control(switch is to be deducted from the calculation described in 39.6 so as to d
rush'€urrent controlled by the switch contacts.

operating the test-circuit control switch asynchronously for 60.~ 100 cycles of

rush current.
is any doubt
hch mode of

momentarily
closure and
ected across

ncy, current-

ntacts of the
etermine the

39.8 When observing the waveforms on the oSCIlloSCOpe, narrow, low-energy-content spikes may be
visible due to charging of stray wiring capacitance of the load wiring or to circuit inductance due to a
component, such as a phonograph motor. These spikes, which may precede, follow, or both precede and
follow the main transient after switch closing and opening, are to be disregarded when the duration of each
spike is 100 microseconds or less.

39.9 To be considered acceptable for use in the peak inrush-current measurements described in 39.1 —
39.7, the supply capability at the branch-circuit receptacle shown in Figure 39.1 (the supply source in
combination with all of the circuit elements depicted in that figure) shall be such that the following
qualification tests are satisfied:

a) Static Load Regulation — The voltage measured at the receptacle shall not fall more than 2.4 V
from the open-circuit value when loaded with a steady-state, 20.0 A, rms resistive load. The test

metho

d and conditions are to comply with 39.10 and 39.11.
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b) Dynamic Loading — The inrush current to the specified tungsten lamp test load shall achieve a
value of 80 15 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 impedance. The actual inrush current
being produced is to be determined using the test methods and conditions described in 39.12 and

39.13

39.10 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 39.11.

39.11

The ppen-circuit voltage at the supply receptacle of Figure 39.1 is to be adjustegd

measured with a voltmeter that has an accuracy of £1 percent or better. For example, 120V i
150 V full-scale voltmeter requires an instrument accuracy of 3/4 percent full scale, orbett
load is to be Japplied to the receptacle, and adjusted to 20.0 A, rms as measured,with an an

to 120 V as
ndicated on a
br. A resistive
meter having

an accuracy pf +1 percent, or better, at 20 A. The voltage across the receptacle(is’to be mea
20.0 A load @pplied, using the same instrument as for the open-circuit voltage’measureme

circuit volta
calculated.

39.12  Prior|
measuremer
peak value o

39.13 The {est load in Figure 39.2 is to be prepared using the shortest possible direct-wirin

3.2mm? (12
and the recq
voltage, Voc
1.414/1.00 o

2. The cooling resistance of lamp L is-10 be followed to 1.0 ohm with resistance-measurin

Immediately
is to be rapig
voltage mea
the oscillosc

to be repeated for a minimum’of 60 — 100 cycles of operation of S. The value of the highest

measured dy
the equation
equation abg

sured with the
nt. The open-

is to be rechecked. The difference between the open-circuit and load voltages is to be

efer to 39.9(a).

to its use in the dynamic loading test, it is to be )determined that the tra
t instrumentation, which consists of an oscilloscope and high-frequency shunt,
F the 20.0 A rms steady-state current used in the'test described in 39.11 within +}

AWG) copper wire. This test circuit is totbe connected to the supply receptacle g
ptacle voltage adjusted to 120 V using the voltmeter described in 39.11. Th

hm. Lamp L is to be preheated by throwing switch S to position 1 briefly, then bz

Lpon reaching 1.0 ohm (typically reached within 20— 35 seconds after the last h
ly transferred to position 1 briefly again, and then returned to position 2. The
sured for lamp L, exeept for the first cold start preheat cycle, is to be recorded
bpe and high-frequency shunt. Closure of the 1.0 ohm tungsten load across the

ring this sequence is to be noted. The highest peak inrush current is to be ca
in 39.6 @nd then its percentage of the maximum theoretical inrush current (dete
ve) calculated. Refer to 39.9(b).

hsient-current
s reading the
b percent.

g of minimum

f Figure 39.1,
B open-circuit

is to be recorded. The maximum-.theoretical peak inrush current is to be calculated as Voc X

ck to position
g equipment.
eat), switch S
beak value of
by the use of
receptacle is
peak voltage
culated using
rmined by the
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Figure 39.2
Load for dynamic loading test
S
1 2
\ o
|/
ﬁ RM
L
C
SA1956
S — Single-pole, |[double-throw, bounce-free type switch (for example, wiping-blade khife-switch) capable of rapid tfansfer between

contacts.
L — No. 4 photofl

RM — Resistancy
like).

od lamp, 1000 W at 120 V.

-measurement equipment capable of accurately measuring, 4.0 ohm (Wheatstone bridge, digital o

40 Grounding Impedance Test

40.1 The im

can be detern

Exception: If
determined b
voltage not e
the cord grou
be calculated|
points. The p

41 Product

hmmeter, or the

pedance of the grounding path at 60 Hz shall not exceed 0.1 ohm when measuyred from the
grounding means of the product to the conductive part that is required to be grounded. Th

nined by any impedance-measuring equipment.

a grounding-path impedance of more than 0.1 ohm is measured, the impeda
y measuring the veltage when a current of 20 A derived from a 60 Hz source W
ceeding 12 V js passed between the product grounding means (point on the p
hding conductoris attached) and the grounded conductive part. The impedance
by dividing_the drop in potential in volts by the current in amperes passing bet
bwer-supply cord is to be excluded when this measurement is made.

LL,eakage and Shock Current Test

e impedance

nce is to be
ith a no-load
roduct where
in ohms is to
ween the two

411

41.11

General

All accessible parts are to be tested for leakage current. All parts accessible during user servicing

are to be tested for shock current. The currents from these parts are to be measured to the grounded
supply conductor individually as well as collectively where simultaneously accessible.

41.1.2 Parts are considered to be simultaneously accessible when they can be contacted by one or both
hands of a person at the same time. For the purpose of these requirements, one hand is considered to be
able to simultaneously contact parts that are within a 10 by 20 cm rectangle. Parts that can be contacted
simultaneously by a person having a reach of 2 m are considered to be touchable by both hands.

41.1.3 Leakage or shock current refers to all currents, including capacitively coupled currents.
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4114

Insulation

is to be short-circuited or open-circuited during leakage- and

measurements as follows:

a) Between the voice coil and the frame of a speaker;

b) Between the plates of an adjustable or variable air-dielectric capacitor;

c) Between the heater and cathode elements of a vacuum tube;

d) Between any two adjacent elements of a vacuum tube;

e) Be

f) Bet

like).

41.1.5 Sho

a) Arn

subje

b) Se

41.2 Leakdge-current

41.21 The

41.2.2 The

The measur¢ment instrument is defined in (a) — (d). The meter that is to be used for a mq

required to
instrument. T

tween any two adjacent elements of an electrolytic capacitor; or

shock-current

Ck-current measurements are to be made under the conditions of:

y operating control, adjustable control, door, cover, or any other part that
Ct to user operation, in all possible positions and

leakage current shall not be more than that specified in 15.1.1(b)(1).

measurement circuit for the product leakage-current test is to be as shown in

ndicate the same numerical value for the particular measurement as wo

a) Th
0.15

b) The meter is to indicate™.11 times the average of the full-wave rectified composite
voltage across the resistor or current through the resistor;

c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have
response (ratio)of indicated to actual value of current) that is equal to the ratio of the

a15

measpurement is to have an error of not more than 5 percent of 60 Hz; and

e meter is to have an inputiimpedance of 1500 ohms resistive shunted by a ¢
F;

-ohm-tesistor shunted by a 0.15 puF capacitor to 1500 ohms. At an indication ¢

ween the elements of a solid-state component (diode, transistor, integrated, ci

rcuit, and the

s considered

parable connectors, and similar devices subject to user-servicing, installed or removed.

Figure 41.1.
asurement is

uld the ideal

he meter used is not required to.have all of the attributes of the specified instrunent.

apacitance of

waveform of

a frequency
mpedance of
f 0.5 mA, the

d) Unless the meter is being used to measure current from one part of a product to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.

41.2.3 A sample of the product is to be tested starting with the as-received condition with all of its
switches closed, but with its grounding conductor, if any, open. The as-received condition is defined as the
product not being energized for a minimum of 48 hours prior to the test, and with the product at room
temperature. The supply voltage is to be the maximum voltage marked on the product, but not less than

120 (or 240) V. See Table 37.1. The test sequence, with reference to the measuring circuit in Figure 41.1,
is to be as follows:

a) With switch S1 open, the product is to be connected to the measuring circuit. Immediately after
connection, the current is to be measured using both positions of switch S2 and with the switching
devices in the product in all of their operating positions.
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b) Switch S1 is then to be closed, energizing the product, and immediately after closing the switch,
the current is to be measured using both positions of switch S2, and with the switching devices in
the product in all of their operating positions.

¢) The current measurements of (a) and (b) are to be repeated after thermal stabilization of the
product.

Figure 41.1

Leakage-current measurement circuit

PRODUCT METER

GR
S1 ) % INSULATING
= TABLE

GROUNDED SUPPLY CONDUCTOR B

o
<

LC100

Product intended for connection to 120-V supply.

B
120V

2p0V =—

120V
B

S1 > % INSULATING
— TABLE

GROUNDED SUPPLY CONDUGTOR B

Lc200

Product intended for connection to a 3-wire, grounded neutral power-supply as illustrated above.
NOTES -
1) — Probe with shielded lead.

2) — Separated apd used as clip when measuring currents from one part of product to another.
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41.3 Leakage current after humidity conditioning

41.3.1 A product shall comply with the requirements for leakage current in 41.2.1 — 41.2.3 and operate
as intended following exposure for 48 hours to air having a relative humidity of 88 +2 percent at a
temperature of 32 £2°C.

41.3.2 To determine whether a product complies with the requirement in 41.3.1, a sample of the product
is to be heated to a temperature just above 34°C to reduce the risk of condensation of moisture during
conditioning. The heated sample is to be placed in the humidity chamber and is to remain for 48 hours
under the conditions specified in 41.3.1. Following the conditioning, the sample is tested unenergized as
described in 41.2.3(a). The sample is then to be energized and tested as described in 41.2.3 (b) and (c).
The test is to be discontinued when the leakage current stabilizes or decreases

41.4 Shock-current

41.4.1 The[shock current between parts accessible only during user servicing (se€ 41.1.5)(and between
such parts and earth ground shall not be more than that specified in 15.1.1(b)(2)for a contirjuous current;
or more than|that specified in 15.1.1(b)(3) for a transient current.

41.5 Storeg-energy electric shock

41.5.1 If the short-circuiting of accessible parts results in the{discCharge of a capacitor, thgreby causing
an instantang¢ous flow of current, the transient condition is to be.considered with regard to 15/1.1(b)(4).

41.6 Component electric shock

41.6.1 To determine if the connectors, components, and leads of a product comply with the|requirements
in 32.1 and 32.2(e), disconnection is to take place while the product is operated under maximum-voltage
conditions (§ee Maximum-Voltage Measurement, Section 43). Current and voltage readings are to be
taken during|the initial 5 minutes of the test:

42 Temperature Test

42.1 A prodluct, when tested-according to the applicable conditions and procedures degcribed in this
section, shall not attain a temperature that results in one or more of the following conditions:

a) The risk of/ignition of materials or components;

b) An|adverse effect upon materials or components;

c) The temperature Timits of materials or components being exceeded; or

d) Temperatures at specific points greater than the limits specified in Table 42.1.
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Table 42.1
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. Accesdble Tront panel, all accessible control panels, handles or Knobs that are

contacled but do not involve lifting, carrying, or holding®

a) Metallic 6(

b) Nonmetallic 84
4. Enclospre interior surfaces

a) Wood 9(

b) Irjsulating material b
5. Insulating materials

a) Pplymeric® b

b) VRrnished cloth 84

c) Flber 9(

d) Wood and similar material 9

e) Lpminated phenolic composition® 12p

f) Phenolic composition 15D
6. Softenihg point of any sealing compound? d
7. Coil winding surfaces employing impregnated.organic insulation or film-coated wire® 9(
8. Capacitors'

a) EJectrolytic 64

b) Qther types 9(
9. Fuses® 9(
10. Semicqnductor devices® 10p
11. Seleniym rectifiers< 75
12. Condugtors withrubber or thermoplastic insulation® 6(
2 Item 1 is concprned With risk of ignition of materials that may contact the enclosure. Items 2 and 3 are concerned with risk of
skin-burn if contaeted-by-the-user—Thetowestiemperature-imiton-a-given-surface-is-the-meximum-aceeptable-temperature for

that surface or part.
b Polymeric material shall be acceptable for the application when evaluated with regard to temperature.

° Does not apply if investigated and found acceptable for a higher temperature.

4 The maximum sealing compound temperature, when corrected to 25°C ambient temperature, is 15°C less than the softening
point of the compound as determined by the Standard Test Method for Softening Point by Ring and Ball Apparatus, ASTM E28-67
(1982).

€ 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.

T 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 the acceptability at the higher temperature.

9 A rectifier, transistor, silicon controlled rectifier, or the like operating with a case temperature higher than 100°C is acceptable if it
operates within its rated junction temperatures as specified by its manufacturer.
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42.2 Thermal equilibrium is considered to be attained when three successive readings taken at 15-
minute intervals indicate that there is no temperature change of the part.

42.3 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.

42.4 Covers and doors likely to be closed during operation are to be closed for the duration of the test.

42.5 Consi

42.6 Rubbs
likely to be wj

42.7 Horizg
mm in diame

42.8 Thep

a) At
as de

' H 4 la H 4 Ll 1 U £ ot alaal '
pCTTdliviT 1o tU UT HIVUII W HIC TIUTTTIar CUTIUTUUTNTS UT TITICTIUTU UPTTAUUTT.

r-like and felt materials are to be removed from supporting feet to the-extent
prn off in service.

ntal ventilating screens subject to the accumulation of dust and having holes
ter are to be covered with loose cheesecloth.

oduct is to be operated:

scribed in 37.10 — 37.13 for supply circuit and frequency;

b) With all unused receptacles at their maximum rating; and

c) As

42.9 When

thermocouples are used in the~determination of temperatures, the thermoc

consist of 0.051 mm? (30 AWG) iron and.constantan wires and are to be used with a poter

instrument. |
the Toleranc]
Temperature
E230/E230M

it is not practical to use iron.and constantan thermocouples some other type a
es on Initial Values of EMF versus Temperature tables in the Standard Spe|
LElectromotive Forge . (emf) Tables for Standardized Thermocouples,
, can be used.

4210 The
the surface

emperature on a winding is to be measured by applying a thermocouple to the
the coil winding. If the winding is enclosed, a hole is to be made in the case. If

potted, a hedted wire may be used to provide a hole in the compound before the thermocoup
contact with fhe coil surface.

described in 42.3 and 42.7 to representiexpected conditions of use of the produgt.

that they are

less than 1.0

he power input as described in the Power Input Test,"Section 38, with the proddict connected

—~

buples are to
tiometer-type
5 described in
cification and
ANSI/ASTM

hottest part of
the winding is
e is placed in

42.11

Windings are to be at room temperature at the start of the test.

in which:

= %(K'HI)_K

t, is the temperature of the coil in degrees °C at the end of the test;

R is the resistance of the coil at the end of the test;

r is the resistance of the coil at the beginning of the test;

The temperature of a copper or aluminum winding is o be calculated by the following equation.
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K is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum (values of the constant

for oth

er grades must be determined); and

t; is the room ambient temperature in degrees °C at the beginning of the test.

42.12 The values in Table 42.1 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 be

corrected in a

ccordance with the following equation:

T, + (K

m

D I

in which:
T,ist

Kis 2

T, is the room ambient temperature; and

T, is the temperature limit according to Table 42.1.

4213 If thg
appearing in ]

43 Maximu

431 The m
potentials spe

a) An

Excep
unacc
invest
produ
the cin

b) A g
servic

c) The

he measured temperature of the material or component;

b for temperatures measured in degrees Celsius;

ambient temperature is not 25°C, and the corrected temperature exceed
[able 42.1, the test may be repeated at an ambientdemperature closer to 25°C.

M-Voltage Measurement

Bximum voltage used as a basis for the calculation of the dielectric voltage-w
cified in Table 44.1 is to be determingd under all of the following conditions of og

hutomatic voltage-regulating device, assembly, or circuit is to be rendered inope

tion: If the device, assembly or circuit, upon investigation, is found to guard
pptable increases in velfage then the device is not to be rendered inog
gation is to take into‘consideration any likely malfunction in either the regulating
Ct, and the possibility of the device being disconnected if it is not permanently
cuit.

onnectorOr-comparable part that is likely to be disconnected during the operi
ng of the product is to be both connected and disconnected.

preduct is to be connected to a supply circuit of maximum rated voltage.

is the value

ithstand test
eration:

ative.
against any
erative. The

device or the
connected in

ation or user

44 Dielectric Voltage-Withstand Test

441
application of

the test potentials shown in Table 44.1 for 1 minute.

The insulation and spacings between conductors and parts shall withstand without breakdown the

Exception: This test need not be conducted if an investigation shows that such a breakdown does not
result in a risk of fire or electric shock.
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Table 44.1
Dielectric voltage-withstand test potentials and applications

Circuit or component Points of application?® Test potentials®

Primary circuits:

Printed-wiring portions c,d (2E +1000) VDC

All parts c,d 1000V, 60 Hz
Power transformers e 1000V, 60 Hz
Other circuits:

Power-transformer-supplied secondary f (2E + 1000) V DC

Load sid§ ot rectiiier of direct-connected supply a, 1 (ZET T1900) V DC
Audio output g (4E]VDC
@ Power-dissippting component parts, electronic devices, and electrolytic capacitors located between the Circuits urnjder test are to
be removed or|disconnected so that the spacings and insulations, rather than such component parts, are subjected to the full

dielectric volta
all conductors

b E equals the
conductive part

Mmaximum peak potential in volts between the conductor or part to be tested and earth ground, an ac

, or other conductive part, measured with the product operating under the conditions specified in Mg

pe-withstand test potential. Switches and other controls, whether accessible or not, are 1o be set or gdjusted so that
bnd parts intended to be tested are connected to the circuit under test.

essible

ximum-Voltage

Measurement,|Section 43.
¢ The insulatiofs and spacings are to be tested between primary circuit parts and thé following parts all connected fogether:
1) The grpunding terminal, if any;
2) The enjclosure, with a conductive foil wrapped around insulating portions of the enclosure; and
3) Accessible conductive parts.
winding separation, or other separation (such as a spaging between conductors) that isolates accepsible

Each capacito

conductive parfs from the primary circuit is to be tested.

9 The insulatio

¢ The insulatio
tested. The wi

1) Prima
2) Prima
3) Prima

" The insulatior]
tested:

1) The pi
2) The e
3) Acces
4) All oth

9 Each capacit
an audio circui

g

hs and spacings between parts of opposite polarity\are to be tested.

|

y to core; and
y to each secondary or all secondaries connected together.

btective grounding tefminal, if provided;

bible conductive parts; and
er circuits.

br, winding separation, or other separation, such as a spacing between conductors, that isolates acc
I involvingra risk of fire or electric shock.

s and spacings between windings and parts\of-a transformer conductively connected to the supply
dings and parts to be tested are to include each of the following:

to shield or guard, if employed;

s and spacings between parts of circuits involving a risk of fire or electric shock and each of the folloj

closure, with a conductive foil wrapped around insulating portions of the enclosure;

ircuit are to be

wing are to be

pssible parts of

44.2 A DC test voltage is to have not more than 3 percent ripple.

44.3 The indicated test voltage is to be measured directly across the points of application of the test
potential with a high-resistance voltmeter.

44.4 The test voltage is to be raised gradually and smoothly to the specified value measured as indicated
in 44.3 so that there are no transients that may cause the instantaneous test potential applied to exceed
the peak value specified.

44.5

If the production-line dielectric voltage-withstand test potential, see Tests by the Manufacturer,

Section 69, exceeds 1300 V, 50 or 60 Hz, or 1840 V DC, or a time duration of more than 2 seconds, the
insulation and spacings of a product shall withstand without breakdown for 1 minute a 2875 V, 60 Hz
potential applied between parts involving a risk of electric shock and accessible conductive parts.
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44.6 Breakdown is often indicated by:
a) An abrupt decrease or nonlinear advance of voltage as the test voltage is increased or

b) An abrupt increase in current.
45 Production-Line Dielectric Potential Stability Test

451 Three samples of the product are to be subjected to the continuous application of the voltage
potential that the manufacturer intends to use on the production line for a duration that is 100 times the
factory-test time. There shall not be breakdown of insulation or spacings in the product that would result in
a risk of fire or electric shock.

46 Operatiln Tests — General

46.1 For ngrmal and abnormal operation tests, the product is to be operated aceording fo applicable
requirements|contained in this section.

46.2 An unacceptable condition is considered to exist if the test results.in‘one or more of [the following
conditions:

a) Thg single layer of cheesecloth specified in 46.7 or 46.8Qlows or flames;
b) Thqg tissue paper specified in 46.6 glows or flames;
¢) Theg fuse connected to earth ground as specifieddn 46.10 opens;

d) An ppening develops in the overall enclosiire (cabinet) that does not meet the reqliirements for
Enclosures, Section 16;

e) Flane resulting from the test continuées for more than 30 seconds; or

f) A printed-wiring-board conductor or individual wire opens.

46.3 An abpormal-operation tést'is to be conducted until one or more of the following results are
observed or fpr 4 hours maximum:

a) A risk of fire develops;
b) A rigk of eleetric shock develops;

c) The branch-circuit fuse specified in 46.5 opens;

d) The circuit being tested opens or reacts in some manner to terminate the abnormal condition;

e) A predictable shut-down circuit terminates the abnormal condition before overheating of parts
occurs; or

f) A minimum of 1 hour has elapsed, circuit conditions have stabilized, and there is no further
evidence of any overheating of parts.

The results of an abnormal operation test shall be in accordance with 46.2.

46.4 The overheating of parts referred to in 46.3 and 46.12 may be detected by such indicators as odor,
smoke, discoloration, cracking of material, charring, flaming, glowing, arcing, changes in circuit current
through the applied fault, or similar phenomenon.
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46.5
46.6
46.7 Asing
46.8 Asing

46.9

The product is to be connected to a supply circuit fused at 30 A.

The product is to be placed on a white-tissue-paper covered softwood surface.

le layer of cheesecloth is to be draped loosely over the component being tested.

le layer of cheesecloth is to be draped loosely over the whole product.

following conditions apply:

Parts of the product that are subject to removal during user servicing are to be omitted if all of the

a)Th

b) Th

narts are naot reauired for the functionina of the nroduct:
g ] ) 1 7

b parts are not exposed to view during the operation of the product; and

c) The parts are not captivated.

46.10 Acce
delay type fu

46.11 The
protective de

46.12 An a
the test is tq
intended opsg

46.13 If an
impedance i4
device does

ssible conductive parts are to be connected to earth ground through a 1-amp
5e.

supply-circuit connection is to be such that the maximum potential exists
vice of the product, if any, and the chassis.

bnormal-operation test is to be conducted once)lf there is evidence of overhe
be repeated twice using new components, if necessary, and the product r|
rating condition.

arcing test is interrupted by the_opening of a component or protective dev
to be introduced into the circuitin series with the probe so that the componen
not open and the test can be continued for a total of 15 minutes at each point.

47 Part Digconnection and Component-Handling Arcing Test

47.1 With 4
that might b
accordance
47.3 without

47.2 Thec
with which cq

Il product controls~adjusted to produce maximum voltage, a conductor, compd
ecome disconhected or displaced during operation or user servicing of th

ere, nontime-

between the

hting of parts,
bpaired to its

ice, sufficient

or protective

nent, or lead
e product in

vith 32.1 and (e) of the Exception to 32.2, shall withstand the arcing test describéd in 47.2 and

producing.a-risk of fire or electric shock. The test results shall be in accordance V

bmponent, lead, or connector is to be brought into contact with any part of diffe

vith 46.3.

rent potential
naintained for

ntact is likely to be established. If the contact results in arcing, the arc is to be 1

15 minutes. A material that has not been investigated and found acceptable as an insulation shall be
considered conductive. A material located between the lead or connector and the part of different potential
in the path of possible electrical breakdown is to be subjected to the arcing to determine if any ignition can
be produced.

Exception: A condition that is established only as a result of user servicing of the product and that results
in the disabling of all the intended functions of the product is acceptable.

47.3 The test conditions are to be as described in 46.5, 46.6, and 46.9 —46.12.

48 Cable Arcing Test

48.1 A single- or multiple-conductor remote cable as described in 29.7(d)(2), shall withstand the arcing
test described in 48.2 and 48.3 between conductors and between any conductor and ground without
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producing a risk of fire. The surgical cotton specified in 46.2 shall not be ignited. The test results shall be in
accordance with 46.3.

48.2 The cable is to be connected to the product and to the remote unit in the intended manner. The
insulation of one of the conductors is to be removed to expose the conductor for a length of 1.5 mm. A
piece of surgical cotton is to be placed in intimate contact with the exposed 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 exposed conductor in an attempt to cause arcing.

48.3 The test conditions are to be as described in 46.5, 46.11, and 46.13.

49 Strain ReliefTests

49.1 Powernsupply cord

49.1.1 The attachment of the power-supply cord to the product shall be capable\of withstanding a 150 N
applied to thejcord as described in 49.1.3 or 49.1.4. See 49.1.2 for unacceptable results.

49.1.2 The fesults of the test are not acceptable if one or more of the fallowing conditions ocgur:
a) Theg insulation or covering on the flexible cord is cut or torn;
b) Thg bushing slides through the hole in the chassis or.enclosure;
c) Cemented-on bushings slide on the cord;

d) An jnterlock connector is separated from the product or is damaged so that it does not perform
its intgnded function; or

e) Thq cord slides through the strain-relief bushing.

49.1.3 The force is to be applied by a-weight that exerts 150 N or a steady pull of 150 N. With the chassis
in the cabinel{ in the intended manner,-the force is to be applied from any angle possible. Three samples
are to be tesfed. The minimum average time of holding is not to be less than 15 seconds, flowever, one
sample may hold for less than 45)seconds, but not less than 5 seconds.

49.1.4 As ap alternativéito the test method of 49.1.2, one sample may be tested if the 150 N is applied
for 1 minute.

49.1.5 If thgintegrity of the strain-relief means is dependent upon a polymeric material, the fest in 49.1.2
or 49.1.4 is tolbe’conducted before and after either of the temperatl |rn_c19hi|ify tests described in 60.5.2.

49.2 Audio-input, connection cord for separately enclosed loudspeakers

49.2.1 If an audio-input, connection cord is permanently attached to a separately enclosed loudspeaker,
the cord shall withstand a force of 40 N. The test method and evaluation are to be as described in 49.1.2 —
49.1.5.

50 Separable-Connector Cycling Test

50.1 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 to accomplish the separation) shall perform without damage when
subjected to the cycling test described in 50.2.
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50.2 The test is to be conducted with the product operating in the intended manner. The connector is to
be made to make and break the circuit at 6-second intervals for:

a) 10 cycles if it is in a circuit on the load side of a rectifier or

b) 50 cycles if it is in the supply (primary) input circuit.
51 Battery and Battery-Circuit Tests — Electrical

51.1 The test specified in 51.2 shall not result in any of the unacceptable conditions described in (a), (b)
or (c):

a) The battery case cracks;
b) Bajtery electrolyte leaks from the case; or

c) The battery explodes.

51.2 Afully|charged rechargeable battery provided with a product is to be-overcharged:
a) With the product charging circuit adjusted for the maximum charging rate and

b) Again, with any single junction or part of an electronic)device or electrolytic capacitor in the
charging circuit either short-circuited or open-circuited,

51.3 The tgst conditions are to be as described in 46.4, 46.5, and 46.7 —46.12.

51.4 Shortcircuiting of the terminals of a fully charged rechargeable battery provided with g4 product shall
not result in gny of the unacceptable conditions described in 46.2.

52 Battery|Tests — Mechanical

52.1 The rgsults of the tests specifiedin 52.2 and 52.3 shall not result in one or more of the following:
a) The battery case cracks;
b) Baftery electrolyte leaks from the case; or

c) The battery-explodes.

52.2 Each pf three samples of a fully charged rechargeable battery is to be dropped threq times from a
height of 0.¢ st ik 0 produce 2 esults without
producing any of the unacceptable Condltlons descrlbed in 52 1.

52.3 A fully charged rechargeable battery that employs a polymeric case shall withstand either of the
temperature-stability tests described in 60.5.3 without producing any of the unacceptable conditions
described in 52.1.

53 Battery Supply Test

53.1 A battery and fuse combination as described in 24.4 when tested as specified in 53.2 and 53.3 shall
not result in a risk of fire. Test results shall be in accordance with 46.2.

53.2 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, and the intended connecting means.
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53.3 A battery-supply cord is to be short-circuited at any point on the cord, but not within 125 mm of the
battery-connecting means.

53.4 The product is to be evaluated for a risk of fire in accordance with the Low-Voltage, Limited-Energy
Circuit Test, Section 55.

54 Vacuum

54.1

Tube Filament Short-Circuit Test

result in a risk of fire or electric shock. The result of the test shall be in accordance with 46.3.

54.2 Short
a) Any

b)Ah
a porti

The heater of
its heater pow

54.3 Thete
55 Low-Vol
55.1 When

transformer &
accordance W

55.2 Them
The primary
product and

series impedance or a regulator circuit is relied upon to limit the output, that impedance or re
is to be incluged in the circuit(during the test. A multiple winding transformer is to have or
winding tested with all the other secondary windings open-circuited, and is to be allowed to
temperature again before.another winding is tested. The primary winding is to be connected t
rated voltage| The load'on the secondary is to be varied in ten increments from open-circuit tg
conditions in P-1/2 minutes. For each step or increment in the resistance, the product of the 0

and current

curve shall npt\exceed volt-ampere limits specified in Table 14.1 and, if two or more second

Any likely conditions of an internal short circuit of a vacuum tube as described in 54.2 shall not

H HY il ot H | U H 1 e 4 o H latacl Lo ' |
IMTCUTLO UTdadl Al CUTTOIUTTTU III\GI)’ U ULLUT AlT U UT oSllTiuidilcyu Uy d CUTITICULUIVUTNT UT]
two heater terminals and

bater terminal and a terminal of any other element of the tube such thabat least
on of a heater remains in the test circuit.

any vacuum tube, except a power rectifier tube with a directly heated cathode
er from a low-voltage winding of a power transformer, is to-be short-circuited.

5t conditions are to be as described in 46.5, 46.6, and\46.8 —46.13.

kage, Limited-Energy Circuit Test

tested as specified in 55.2 — 55.5, a transformer, transformer-resistor comi
nd regulating circuit shall comply with®14.2 and Table 14.1. The test result
ith 46.2.

hximum volt-ampere output capacity of the secondary winding is to be determing
winding of the transformer,-at room temperature, is to be connected as int
e secondary winding in~question is to be connected to a variable resistance Iq

e to be recorded, plotted, and drawn as a smooth curve. The peak value obta

ween:

bne heater or

that obtains

ination, or a
shall be in

D

bd as follows.
ended in the
ad. If a fixed
yulator circuit
e secondary
cool to room
0 a source of

short-circuit
utput voltage
ned from the
ary windings

supply interconnected circuits, the sum of the outputs of the windings in question shall not exceed volt-
ampere limits specified in Table 14.1.

55.3 Three samples of the secondary of a transformer, the output of a transformer-resistor combination,
or a transformer regulating circuit that limits the current to 8 amperes or less or the output to volt-ampere
limits specified in Table 14.1 or less as described in 14.2 are to be subjected to continuous operation at
short-circuit conditions until ultimate results are attained or for a maximum of 7 hours.

55.4 If the short circuit test described in 55.3 terminates because of an open circuit, three previously
untested samples are to be subjected to a maximum power test with an adjustable resistor connected
across the output terminals.

55.5 If a regulating or other type of circuit is located between the points being measured and the power
supply, the opening or short-circuiting (singly) of any unreliable component (electrolytic capacitor,
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transistor junction, diode, picture tube, and the like) in that circuit shall not cause the limits in 14.2 to be
exceeded.

55.6 The overcurrent protection provided with a noninherently limited transformer is to be bypassed
during the tests specified in 55.1 — 55.5.

56 Component Abnormal-Operation Test

56.1 A product shall not result in a risk of fire or electric shock when operated under abnormal conditions
that are likely to occur during operation of the product. The results of the test specified in 56.3 shall be in
accordance with 46.3.

56.2 The tgst conditions are to be as described in 46.5 —46.7, and 46.9 — 46.12.

56.3 Malfunction of components and likely misuse of the product are to be simulatedProduicts that have
features not gontemplated in the test procedures according to this section are to.bg:tested ag necessary to
meet the intgnt of this section. Only one fault is to be simulated at a time. Examples are:

a) Jamnming of tape that is likely to stall or overload a drive or similar type motor;

b) Mglfunction of fans or blowers that provide ventilation. Dydring this test the fan or blower is to be
disconnected rather than stalled;

c¢) Stglling of rotors of all motors due to bearing wear otloss of lubrication, or the like; @and

d) Solenoid with plunger blocked in the de-energized (at rest) position.
57 Multiple-Voltage Equipment Test

57.1 Equipment having a supply-circuit voltage selector shall comply with the requirements in 46.2 with
its voltage sdglector set in any marked supply-circuit voltage position with the product connected to any one
of the rated qupply circuits. The combinations of selector settings and supply circuit to whichrhe product is
connected is|to be that which develops the most severe operating conditions. The test conditjons are to be
as described|in 46.5, 46.6, 46.8 - 46.11.

58 Voltage|Surge Test

58.1 The complete(product is to be tested in accordance with 58.2 — 58.4. As a result of the[surges, there
shall not be:

a) Gl \A/ing or 'FIQming of the cheesecloth or tissue paper,

b) Leakage current in excess of 0.5 mA from accessible conductive parts when the product is
tested in accordance with the leakage-current test described in 41.2.1 —41.2.3, or

¢) Noncompliance with the Dielectric Voltage-Withstand Test, Section 44 (for primary to accessible
conductive parts).

58.2 The circuit for performing the voltage-surge test is illustrated in Figure 58.1.

58.3 The product is to be subjected to the voltage-surge test between the following parts:

a) The two blades of the attachment plug with the on-off switch, if provided, in the off position or
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b) Both blades of the attachment plug connected together and the input terminals and cable
connector terminals connected together with the on-off switch, if provided, in the on position. See

Figure 58.2.
Figure 58.1
Voltage surge test circuit
T F S
L VO
> <
Véc g < P [ Vvdc
= & cd
“—
52144
Vac- 120V, 60 Hz, 30-A voltage source.

T — Optional isol
of the pulse from

F — Plug fuse rat

L — Choke consig
89 by 16 mm fer|
such that the ma
ohms, respective

P — Product — se
S — High-voltage
Cd — Dump cap4|
Vdc—-6kVor10

htion transformer for pulse blocking, 120 V, 3 kVA, minimum. Adequate isolation must be provided t
entering the supply source and breaking down wiring, switches, receptacles, and the like.

ed 30 A, 125 V.

fite core. Each coil is to consist of 2.3 m of wire wound into-30 turns. The two coils are to be conn

ly.

b 58.3 for connection to test circuit.

switch.

citor having a capacitance value of 0.1 9f0.01 pF as specified in 58.4.
kV direct-current source of supply asispecified in 58.4.

ting of two coils of 1.31 mm? (16 AWG) film-coated, solid copper wire wound on insulating tubes plg

reduce the risk

ced on an 83 by
pcted in circuitry

hnetic flux is aiding, thereby producing, an effective inductance and resistance of each coil of 3 millihenries and 0.03
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Figure 58.2

Voltage-surge test connections

VHF
® Terminals

& , URF
VIDEO ®, * Termijnals

PRODUCT
[‘ ) I chle TV
“——|——Connector

Terminal

O
S2145

58.4 With the complete product resting on“atissue-paper-covered softwood surface and cpvered with a
single layer ¢f cheesecloth, each of the circuits described in 58.3(a) is to be subjected to fopr discharges
from a 0.1 yF dump capacitor, charged-to a direct-current voltage of 6 kV with an interval|of 5 seconds
between sudcessive discharges. The circuits described in 58.3(b) are to be similarly tested but using a
0.01 pF capdcitor charged to 10%kV:

59 Injury to Persons Tests
59.1 Geneiral

59.1.1 A prpduct is to be subjected to the applicable tests described in 59.2 — 59.4. The product is to be
subjected to The applicable tests alone and again while placed on any cart or stand that Is provided or
recommended by the product manufacturer.

59.1.2 If polymeric materials are used in the construction, the applicable tests described in 59.2 — 59.4
are to be conducted both before and after the temperature-stability test described in 59.1.3.

59.1.3 A product employing polymeric materials in its construction shall withstand either of the
temperature-stability conditions described in 60.5.3 without any shrinkage, warpage, or other distortion of
the polymeric materials that causes the product to not comply with 59.2 — 59.4.

59.2 Product, cart, or stand

59.2.1 A wheel or caster shall be capable of withstanding a pull of 22 N as described in 59.2.2 without
being damaged or pulled free from its securing means.
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59.2.2 The pull force is to be applied by a weight, or a steady pull, for a period of 1 minute in any
direction made possible by the construction.

59.2.3 When tested as described in 59.2.5, a product — or a product in combination with a cart or stand —
that has a mass of 4.5 kg or more shall not tip over when placed on a plane inclined at an angle of 10
degrees from the horizontal.

59.2.4 In addition to the criteria in 59.2.3, when testing a cart or stand as described in 59.2.5 in
combination with a product, the product shall also not be dislodged.

59.2.5 The test is to be conducted under conditions most likely to cause tip-over. The product, cart, or
stand a|one, or-the. prnrll ictand the cart or stand in combination are to be ernngnrl in-its-intended position

with all doors
stability. The
combination

the product, @

59.2.6 Whe
expose sharp

59.2.7 The
intended prog
drawer, if pro
for 1 minute.

59.2.8 Afor
appurtenancs
off the floor. T

59.2.9 Whe
sharp edges

59.2.10 As
described in §

, drawers, casters, wheels, and other appurtenances in the position that result
unit is to be turned and inclined in the direction most likely to overturn thepr
pf the product and cart or stand. Legs and other means of support may be blo
art, or stand from sliding on the inclined plane.

N tested as described in 59.2.7 and 59.2.8, a cart or stand shall not'collapse or b
edges or pinch points that may result in a risk of injury to persons.

broduct is to be placed on the cart or stand and a weight that exerts a force of th
uct load or 445 N, whichever is greater, is to be added to the top of the produ
Vided, is to be loaded with a uniform load that exerts 110 N. The test loads are

ce of 220 N is to be applied through the end of a 50-mm diameter right circular ¢
, for example, any shelf, drawer, dowelsrung support, or equivalent part, that is
he test force is to be applied for 1 minute.

N tested as described in 59.2.40, a cart or stand shall not collapse or break so
br produce pinch points thatimay result in a risk of injury to persons.

ngle 7 J impact is to.be applied to any part of the cart or stand and the test meth
0.4.1.

59.3 Handl¢ strength

59.3.1 Whe
there be any

5 in the least
pduct, or the
cked to keep

reak so as to

ree times the
ct. A shelf or
to be applied

linder to any
within 75 cm

as to expose

bd is to be as

h tested.as described in 59.3.2 — 59.3.5, a handle or support system shall not brieak nor shall

breakage of the securing means, including that portion of the enclosure to whig

h the handle

or support sy

tem is attached

59.3.2 A product handle or support system shall withstand a force of four times the weight of the product.

59.3.3 A cart or stand handle or support system shall withstand a force of twice the combined weight of
the cart or stand and the product.

59.3.4 The weight of the product plus a weight that exerts a force of three times the weight of the product
is to be used. The load is to be uniformly applied, without clamping, over a 75 mm width at the center of
the handle. The additional load is to be started at zero and gradually increased so that the total testing
value is attained within 5 — 10 seconds and then maintained for a period of 1 minute. If more than one
handle is provided on the product, the force is to be distributed among the handles. The distribution of
forces is to be determined by measuring the percentage of the product weight sustained by each handle,
with the product in the intended carrying position. If a product is furnished with more than one handle and
can be carried by only one handle, each handle is to be capable of sustaining the total test load.
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59.3.5 A handle on a cart or stand is to be tested in a manner similar to that described in 59.3.4 with the
test load specified in 59.3.3.

59.4 Wall- or ceiling-mounting means

59.4.1 When tested as described in 59.4.2, a wall- or ceiling-mounting means shall remain in place and
not break, nor shall there be any breakage or damage to the mounting bracket or its securing means,
including that portion of the product to which the mounting system is attached.

59.4.2 The product is to be mounted in accordance with the manufacturer's installation instructions,
using the hardware and construction described. If wall constructions are not specified, a wall construction
of 9.5 mm thiek nloefnrhngrd (rlr'y \I\IQ“\ ond4 l’\\/ Q2 mm /nnmlnnl 2 hy 4 |nr\hnc\ wood-studs-spaced on 406
mm centers |is to be used as the support surface The hardware is to be applled as, specified in the
instructions, fand, if not otherwise indicated, the securing screws are to be positioned betwgen the studs
and secured|into the plasterboard. An adjustable product is to be adjusted to the position that gives the
maximum piojection from the wall. The force is to be applied through a 75.mm wide| strap at the
dimensional tenter of the product and is to be increased within a 5 — 10 second.interval until a load equal
to the weigh{ of the product plus a weight that exerts a force of three times the’weight of th¢ product, but
not less than|45 N, is applied to the mounting system. The load is to be sustained for 1 minute.

60 Strength of Enclosure Tests
60.1 General

60.1.1 The|overall enclosure and back cover of a product shall withstand the mechanical-abuse tests
described in 0.2 — 60.7 without resulting in any of the following:

a) Dgmage that results in a risk of fire as‘determined by visual examination or, if spme question
remains, by operating the product as described in 46.5 — 46.7 and 46.9 — 46.11, and ¢valuating the
results according to 46.2.

b) Damage that results in a risk of electric shock as determined by Electric Shock, Section 15, and
the Dlelectric Voltage-Withstand Test, Section 44, or

c) Openings larger than those that are acceptable according to 16.7 — 16.14.

Exception: See 60.17:4.

60.2 Enclosureloading

60.2.1 The Innding described in 60.2.2 istobe npplind to the overall enclosure of:

a) A product that has a mass more than 4.5 kg but not more than 34 kg or

b) Any product that has one or more handles.

60.2.2 The complete product is to be set on a 50-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 —
W being the mass of the product plus 19 N — 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 from supporting feet to the
extent that they are likely to be worn off in service and supporting feet that are not permanently secured to
the enclosure are to be removed.
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60.3 Pressure

60.3.1
application of

a 89 N force as described in 60.3.3.

Any point on the overall enclosure of a product, except the bottom, shall withstand a 1-minute

60.3.2 Any point on the bottom of the overall enclosure of a product having a weight that exerts 45 N or
less shall withstand a 1-minute application of 67 N as described in 60.3.3.

60.3.3 The 67 or 89 N force is to be applied to the complete product by a 12.5 +0.5 mm diameter rod, the

end of which i

s rounded to a 12.5 £0.5 mm diameter hemisphere.

4 ol bl <l s} laal

60.3.4 The
openings or g
of electric shq

60.4 Impac
60.4.1 The
sphere with &

distance requ
than the top @

the distance flequired to strike the surface with the specified impact/ The enclosure is to be p

the surface tg
of the enclos
enclosure is t

60.4.2 Fort
that is intende

Iy laall 1 HI A aYa W | <l H N faYalls) l +
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ther nonrigid surfaces of the enclosure unless the parts inside the enclosure, the
ck are insulated according to the requirements in this standard.

|

mpact force applied to a part of an enclosure is to be obtained using a solid
25 +£0.5 mm radius and weighing 5.3 N. The sphere is to fall freely from res
ired to cause it to strike the top of the enclosure with the specified impact. For s
f the enclosure the sphere is to be suspended by a cotd and is to fall as a pend

sted is vertical and in the same vertical plane as:the point of support of the pen
ire that may interfere with the cord of the pendulum are to be removed. During
b be placed against a vertical wall.

ne impact test, a component, such as-aknob, a window, a cover, a control shaft
d to be in place during normal use-is to be mounted in the intended manner.

60.4.3 The
to complete
specified in T
back, windo
enclosure bo

bxternal surfaces of a productienclosure used to reduce the risk of contact with
he enclosure of parts involving a risk of fire, shall withstand a single impact
ble 60.1. The enclosureparts to be subjected to the impact test include the top
s, covers, knobs, buttons, control shafts, antenna terminals, jacks, and f{
om need not be Subjected to the impact test.

hrough grille
t involve risk

smooth steel
through the
Lirfaces other
Llum through
Jaced so that
dulum. Parts
the test, the

and the like,

live parts, or
of the value
| sides, front,
he like. The

Table 60.1
Product enclosure impact test
Enclosure part Impact J Results
Top, sides, and front (includes all parts 7 Shall not develop any openings larger
not mentioned below, for example, than those specified in the requirements
antenna terminals, jacks, and the like) to reduce a risk of fire and electric shock;
shall not create a risk of electric shock.
Glass dial window? 7° Shall not create a risk of electric shock.
Decorative glass mirror® 3.5 Shall not be shattered or (either totally or
in part), broken or displaced from its
mounting in a manner that could result in
a risk of a skin-lacerating injury.
Unprotected buttons, controls, knobs, 2 Shall not damage the button, control,
and shafts? knob, or shaft so that any opening
Protected buttons, controls, knobs, and 1 develops larger than those specified in
shafts® the requirements to reduce a risk of fire

Table 60.1 Continued on Next Page
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Table 60.1 Continued

Enclosure part

Impact J

Results

Buttons, controls, knobs, and shafts
located within a compartment having a
nondetachable door or cover

0.7

or electric shock; shall not break off any
conductive part that may fall into the
overall enclosure of the product, unless
the presence of the conductive part
cannot result in a risk of fire or electric

shock.

¢ To be applied

@ A tempered-glass window having a minimum thickness of 4.8 mm need not be subjected to the impact test.

® |f a permanent part of the product limits the impact of the sphere to a lesser value, the lesser value is to be used.

to a part that has an area greater than 0.1 m? or a major dimension greater than 46 cm.

close as possi
¢ A protected d

9 An unprotecttd control — for example, a button, knob, or shaft — is one that will contact or pass through an infinite

le to all top, side, front, or back surfaces with all parts in place.
pntrol is one that will not contact or pass through the infinite plane discussed in note (c).

blane placed as

60.5 Enclosure temperature stability

60.5.1 The
shall withsta
warpage, or

overall enclosure, employed so that parts involving a risk of electric shock are n
hd one of the temperature-stability conditions describedyin 60.5.3 without a
hny other distortion that results in one or both of the follewing conditions:

a) Inte¢rference with the operation or user servicing of the ‘product or

b) No

60.5.2 Con
temperature-
servicing of
comply with

60.5.3 The
conducted ag

a)As
not le
simul
base
for a
restin

hcompliance with the criteria specified in 60.4..1:

ponent parts such as knobs, windows, and inserts that are distorted as a
stability test may be removed in order to eliminate interference with the ope
he product provided that removal of the parts does not result in inability of t
Flectric Shock, Section 15, and Enclosures, Section 16.

described in either (a) or (b):

ample of the complete product is to be placed in a cubical unvented test cell ha
ss that 40 times-that of the product, and so arranged that the circulation of air
htes room-conditions of normal use. The air temperature within the cell, as me
pf the product is to be maintained at 60°C. The product is to be connected to a
brodugctirated at a nominal 230 V) supply circuit and operated continuously for ]
g oh.a supporting surface having an area equal to that of the product base

bt accessible,
hy shrinkage,

result of the
ation or user
ne product to

enclosure temperature-stability test mentioned in 60.5.1 can, at the manufacturér's option, be

ing a volume
within the cell
asured at the
130 V (260 V
[ hours, while
and centrally

locatd

din the test cell

b) The complete product is to be placed in a circulating-air oven for 7 hours. The oven is to be
maintained at a temperature of 10°C higher than the maximum operating temperature of the
enclosure, measured at the hottest spot on the inside of the enclosure, under operating conditions,
but not less than 70°C. The product is not to be operated during the test.

60.6 Captive knob pull

60.6.1

A captive knob shall withstand a pull of 67 N in any direction made possible by the construction of

the product without adversely affecting the captivating means or resulting in parts involving a risk of
electric shock becoming accessible.

60.6.2

both before and after either of the temperature-stability tests described in 60.5.3.

If polymeric materials are used in the construction, the test described in 60.6.1 is to be conducted
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60.7 Portable power supply and battery charger drop test

60.7.1 Each of three power supply units intended to be connected to a portable product, or any cord-
connected or direct plug-in battery charger is to be dropped three times through a distance of 0.9 m onto a
hardwood surface.

Exception: If the manufacturer so elects, fewer samples may be used in accordance with Figure 60.1. The
overall performance is acceptable upon completion of any one of four procedure paths represented in
Figure 60.1. If live parts become accessible when a sample is subjected to its first series of drops in any of
three positions, the results of the test are unacceptable.

Figure 60.1

Procedure for enclosure drop tests

Sample Number

Series
Num-—
ber 1.2 3 1.2 3 1.2 3 1.2 3
v v v
1 A N N A N N A N N A NN
2 A N N A N N U A N U A N
3 A N N U A N AN U A

Arrows indicate sequence\of-test procedure

A — Acceptable results from drop

U — Unacceptgble ‘results from drop
N — No test™necessary
SA1162

60.7.2 The [hardwood surface specified in 60.7.1 is to consist of a layer of tongue-and-groove oak
flooring mounted on two layers«of\18 mm thick plywood. The oak flooring is to be 18 by |57 mm. The
assembly is td rest on a concrete)floor or an equivalent nonresilient surface.

60.7.3 The fests in 60,71 are to be conducted so that each power supply unit strikes the hardwood
surfaces in a|different-position for each of the three drops, and which are most likely to proquce adverse
results.

60.7.4 The pewersupphrunit-shallwithstand thetests-deseribed-in60-7-1-and 60-+3-withaut producing

oV e oo

openings that allow accessibility as described in 16.7 — 16.9.

60.8 Alternate enclosure material evaluation

60.8.1 The acceptability of an alternate polymeric enclosure material of the same generic type as the
originally tested enclosure material can be investigated by the performance criteria indicated in Table 60.2,
60.8.2, and 60.8.3, 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 60.2
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 (60.2.1, 60.2.2)
Pressure tests (60.3.1 — 60.3.4)
Impact tests (60.4.1 — 60.4.3)

Drop test for portable battery supplies and battery chargers
(60.7.1-60.7.4)

Temperature stability test (60.5.1 — 60.5.3)

Tensile or flexural strength
Tensile or flexural strength
Tensile or izod impact

Tensile or izod impact

Heat deflection temperature®, Vicat softening point, or ball

pressure

@ These releva
UL 746A.

® The heat-def

ht material property tests are described in the Standard for Polymeric Materials — Short Term Proper

ection temperature test is to be conducted using a fiber stress of 455 kN/m?.

y Evaluations,

60.8.2 Alla

a)Th
in the

UL 94;

b) Th
assig
Prope

c) A
in the

d) A
23.0°
hours
for Pd

60.8.3 If th

example, defermining the resistance of the material to ultraviolet light, wetting and salt spra

outdoor appl

61 Gasket

Iternate enclosure materials shall have:

e minimum flammability classification required by Table 8.1, as\déetermined by tg
Standard for Tests for Flammability of Plastic Materials for.Parts in Devices an

e same or higher temperature index as the original material, as determine
ned generic thermal index as described in the Standard for Polymeric Materials
rty Evaluations, UL 746B,;

hinimum dielectric voltage-withstand strength of 5000 volts, as determined by tg
Standard for Polymeric Materials — Shert Term Property Evaluations, UL 746A;

minimum volume resistivity of 50 megohm-centimeters after conditioning fol
C with 50 percent relative humidity, and 10 megohm-centimeters after condi

at 35°C with 90 percent relative humidity, as determined by tests described in
lymeric Materials — Shoft Term Property Evaluations, UL 746A.

e originally testedsmaterial was considered acceptable on the basis of spe

cation) these\tests are to be conducted on the alternate material to determine ag

Test

sts described
d Appliances,

d by tests or
— Long Term

sts described
and

40 hours at
ioning for 96
the Standard

Cial tests (for
y tests for an
ceptability.

61.1 Gasksg

ts.shall be of such quality that samples subjected to a temperature of 69 — 70°C

in circulating

air for 168 hours have a tensile strength of not less than 75 percent, and an elongation of not less than 60
percent of values determined for unaged samples. At the conclusion of the tests, there shall not be visible
deterioration, deformation, melting, or cracking of the material, and the material shall not harden as
determined by normal hand flexing.

62 Adhesive Securement Test

62.1

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

shall withstand the conditioning described in 62.2 without deterioration of the adhesive that results in a risk
of electric shock or noncompliance with the requirement for mechanical protection in 16.1.

62.2 Two samples of the product enclosure are to be conditioned as follows:
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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.

63 Adhesive-Backed-Parts Peel Test

63.1 A part or label of conductive material that is secured in place by an adhesive, and located as

described in 11.1, shall withstand a minimum peel force of 1.75 N/cm, both before and after conditioning
as described in 63.2.

63.2 Nines

mples of the adhesive-backed part or label, each secured to its mounting surfa

ce, are to be

tested. Each
a) Thr

b) Thi
+1

.0°(

c) Thr
64 Outdoor
64.1

Gener,

64.1.1 After

intended for yise in wet locations shall not be more than 0.5 milliampere when tested in acc

the Product

accessible pgrt and earth ground or any other aceessible part is more than 21.2 volts peak.

64.1.2 The
water spray. ]|
pipe rack as
shown in Figy
the three hea
the product. ]

directed at ap angle of .45 degrees to the vertical toward the product. The leakage-current
mediately.upon conclusion of the wetting period, and is to be discontinued when the leakage

conducted im
current stabili

bart, or label, is to be conditioned as follows:
be samples in an as-received condition;

ee samples for 7 days in a circulating-air oven operating at 100.0-%1.0°C, 14
[, 21 days at 87.0 £1.0°C, or 60 days at 82.0 £1.0°C; and

be samples for 7 days in an environment of 85 £5 percent relative humidity at 32
-Use Wetting Test
Al

being subjected to the conditions described\in 64.1.2, the leakage current of a p

| eakage and Shock Current Test; Sgection 41, if the open-circuit potential

broduct is to be positioned. as;ih normal service and subjected for 1 hour (not o
he water-spray test equiptaent is to consist of three spray heads mounted in a
Ehown in Figure 64.1. The spray heads are to be constructed in accordance wi
re 64.2. The produeti\being tested is to be brought into the area where the wate
s converge (see\Figure 64.3) in a position that causes the greatest quantity of V
'he water pressure is to be maintained at 34.5 kPa at each spray head. The s

7eS.

days at 90.0

0+2.0°C.

roduct that is
prdance with
between the

berating) to a
water-supply
th the details
- sprays from
vater to enter
pray is to be
test is to be



https://ulnorm.com/api/?name=UL 2044 2024.pdf

AUGUST 28, 2024 UL 2044

Figure 64.1
Wetting test spray-head piping

PLAN VIEW
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EACH SPRAY HEAD

SIDE VIEW
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ltem inch mm
A 28 710
B 55 1400
& 2—-1/4 55
D 9 230
E 3 75
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Figure 64.2
Water-spray-test spray head
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Figure 64.3

Convergence of water spray
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64.2 Watershield

64.2.1 Test|results are acceptable if, after the impact conditioning specified in 64.2.2 and 64.2.3 followed
by the wetting test specified in 64.1.2,.no water has entered the product.

Exception: Water is not prohibited from entering the product when the water does not cayse wetting of
electrical parfs that are not ihherently waterproof.

64.2.2 A ngnmetallic\water shield intended for installation at least 1.25 m above ground [level is to be
impact condifioned+as-specified in 64.2.3. The impact force is to be 4 J ifin Area A, 1.5 J if ih Area B, and
no impact if in AreaC or D of Figure 64.4.
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Figure 64.4

Impact force on water shields
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wo layers of cheesecloth intdva 50 mm diameter sphere, from a height of 80

5 cm for a 1.25 J impacty

acity of-atleast4 L,

NO IMPACT

NO IMPACT

pout.with a minimum disk diameter of 75 mm; and

NO IMPAS

duct that employs.a:glass water shield is to be subjected to a simulated, sudder
ration under intended conditions until temperatures stabilize. This test may b
vetting test, or may be conducted using a sprinkling can with:

DOWN

ss of 0.5 kg,
cm fora 4 J

exposure to
e part of the

c) At least 50 holes, each with a minimum diameter of 2.0 mm in the disk, as appropriate.

For the purpose of this test, the temperature of the water is to be 5 +1°C. Results of this test are

acceptable when the water shield remains intact and does not crack or break.

64.2.5 A polymeric material used as a water shield that is subjected to an operating temperature in
excess of 65°C as determined by the temperature test shall retain its original dimensions and shape after
exposure for 1000 hours to a temperature in accordance with Table 64.1. Exposure time may be reduced
by one-half for each increase in oven temperature of 10°C. If the sample is too large for the test oven, the
sample may be cut to fit.

Exception: A material that has a mechanical temperature index with impact, as a result of long term aging
as specified in the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B, of at
least the temperature to which it is subjected, need not be tested.
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Table 64.1
1000-hour exposure temperature

Normal temperature on polymeric diffuser or lens material, Oven test temperature,
higher than °C not higher than °C °Cc
65 75 85
75 85 95
85 95 105

65 Relay E
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65.1 Arel
off, and con
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is not accept

Exception: T}
operation us
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to 25,000 cy
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Exception N
operation us

Exception N
and it can bé

current rating

65.3 Ifarel
loading cond

66 TabletF

66.1 When

ak, the contacts of which are connected in the supply circuit, serve to turn the\p

ol a peak inrush current exceeding the relay-contact (rms) current rating_time
ptably when subjected to 25,000 cycles of operation making and breaking'the n
t. Electrical or mechanical breakdown of the relay or undue pitting.opdurning o
bble.

he test need not be conducted on a relay that has previously been tested for 25
ng a tungsten load.

y that controls a supply-circuit connected receptacle’shall perform acceptably w
cles of operation making and breaking the maximum steady-state (rms) cu
bntrols, based on the marked receptacle rating: A tungsten load is to be con
r the test.

p. 1. The test need not be conducted on a relay that has been tested for 25,
ng a tungsten load equal to or greater than the marked receptacle rating.

p. 2: The test need not be gonducted when the receptacle is marked for a sp
b determined that the peak.inrush current controlled by the relay does not exg
in amperes (rms) times 1.414.

tions prescribed-in 65.1 and 65.2 are to be simultaneously applied during the tes
lammability Test

a_sample of a material as specified in Table 8.1 is tested as described in 66.

oduct on and
5 1.414, shall
ormal current
f the contacts

000 cycles of

hen subjected
rrent that the
hected to the

000 cycles of

ecific product
eed the relay

ay controls both-the' product supply circuit and a supply-circuit-connected recepfacle, then the

ting.

P, the sample

shall not burt

foratl 41 = £ 44 + £l PO Y
FTUraIeT uialt o9 CITT ot une CETIET Ul UTT taUITt.

66.2 To determine whether a sample of a material complies with the requirement in 66.1, it is to be
supported so that its thinnest outside solid surface of the part to be tested is in a horizontal position. A
tablet comprised of hexamethylene-tetramine (CgH,N,4) having a weight of 0.15 +0.02 gram, and having a
controlled burning time of 105 +5 seconds, is to be placed on the thinnest section of the sample. The tablet
is then to be ignited with a match. This test is to be conducted on the thinnest portion of each material
used. The tablet is to be 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 to the
surface below, the test is concluded when the material ceases to flame or glow.
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